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Preface

In several elite sports, training and match loads are assessed. However, only clubs with the

most resources and money can apply more valid and reliable tools. For instance, at the regional

level, clubs and their coaches do not have sufficient resources to allow them to precisely monitor

the training/match loads. As an example, elite football generates the most media and commercial

attention, but it is at the regional level that the greatest numbers of clubs, players, and coaches are

found. Meanwhile, studies that investigate load monitoring among teams at the regional level are

sparse.

The planning and quantification of intensities are important for optimizing athletes’ physical

fitness to guarantee wellbeing and a better performance in male and female athletes.

Considering other sports, such as futsal, basketball, volleyball, rugby, hockey, and handball,

resources could be equally distributed to apply proper load management. Conducting studies at the

regional level enables the development of knowledge about athlete populations, while promoting

research on the evolution of sports at all competitive levels will also contribute to avoiding any kind

of healthcare issues, such as injury or illness.

Therefore, the aim of this Special Issue, which now constitutes a reprint, was to compile and

present information on load and competition monitoring, especially in less resourceful sports, and

the effects of gender, as well as to demonstrate the use of various tools for monitoring load to avoid

healthcare issues among athletes.

Any coach or practitioner of any sport who is interested in improving their understanding of the

relationship between intensity control and injury prevention or overtraining would be interested in

reading this reprint.

João Paulo Brito and Rafael Oliveira

Editors
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Load Monitoring and Its Relationship with Healthcare in Sports
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Load monitoring consists of training/match demand quantification as well as wellness
and readiness to maximize the likelihood of optimal athletic performance [1]. The literature
divides load into two dimensions: internal and external. Internal load is associated with
psychophysiological demands that can be objectively and subjectively measured (e.g., heart
rate and rating of perceived exertion, respectively) [2,3]. External load is associated with
mechanical/locomotor demands, usually collected by global positioning systems, global
navigation satellite systems, local positioning systems, and inertial measurement units
that belong to micro-electro-mechanical systems (which provide a combination of 3D
accelerometers, 3D gyroscopes, and 3D magnetometers). Despite different technologies,
they provide external load measures, such as distances covered at various running speeds,
accelerations, decelerations, player load, and others [2–5].

Indeed, there are other types of wearable technology that were considered to be among
the top worldwide fitness trends in 2016 and 2017 [6]. Such technology (i.e., smartwatches
and mobiles) allows for the quantification of different physical variables such as step counts,
metabolic work, or power [7].

Another relevant dimension to monitor is the wellness/well-being of athletes, which
is regularly collected by questionnaires that include different categories such as fatigue,
quality of sleep, muscle soreness, mood, and stress [8,9]. For instance, a systematic review
showed several relationships between wellness and training load measures that ranged
from no association to a very large association [10].

The monitoring of different dimensions is useful in sports to optimize training adapta-
tion, which can consequently improve performance and reduce injury risk [11]. Still, inap-
propriate load management can be a significant risk factor for acute illness and overtraining
syndrome [12]. Therefore, all quantification can contribute towards better healthcare for
recreational or elite sport athletes. However, there are few research papers that combine
load monitoring and its relationship with healthcare in sports.

The present Special Issue contributed to the field with 35 articles. Of those, 16 articles
involved only soccer athletes. For instance, one study was a systematic review that summa-
rized studies about external and internal training load monitoring to provide range values
for the main measures in young male soccer players [13]. Another study compared the
external load between official and friendly matches and between the first and second halves
of professional soccer players [14], while another analyzed differences among playing posi-
tions: whether playing home/away matches and if playing in the first or second part of the
championship influence the external load of amateur soccer [15]. Moreover, external load
was compared between starters and non-starters [16] and among the playing positions [17]
of professional soccer players based on different parts of a full season. A sub-analysis of a
specific type of training exercise (i.e., small-sided games) was performed to analyze the
between-session and within-player variability of heart rates and external load of young
male soccer players [18]. While the previous literature included male athletes, the analysis
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of female professional soccer players was also conducted by quantifying external and inter-
nal load as well as the wellness profile of a typical microcycle [19]. Another study tested
objective and subjective external and internal loads in primary education students [20].

Other investigations included the analysis of physical fitness and competitive per-
formance in different age categories (8.0–9.9, 10.0–11.9, and 12.0–13.9 years) [21] and in
professional soccer [22]. In this regard, different intervention protocols were applied to
professional soccer players [23,24] and archers [25] to improve several fitness character-
istics. In the same way, fitness and technical skill were compared among young soccer
players [26]. Additionally, the relationship between different inter-limb jumping asym-
metries and performance measures in male senior and professional soccer players was
analyzed [27]. Furthermore, the effectiveness of different training programs on the reactive
strength index was compared in a systematic review with a meta-analysis [28], isotonic and
isometric exercise interventions were reviewed to analyze the strength and flexibility of the
hamstring muscles [29], and a dose-response meta-analysis was conducted to assess the ve-
locity loss effects on strength development and related training efficiency [30]. In fact, other
authors analyzed different sports training protocols. For instance, aquatic and bicycling
training was applied to improve leg function and range of motion in the intermediate stage
of rehabilitation in amateur athletes that underwent meniscal allograft transplantation [31].

Other negative psychological variables, such as stress, injury, anxiety, and depression
in adult soccer players, were also analyzed [32]. In this regard, one study applied a
mindfulness program to address levels of impulsivity, mood, and pre-competition anxiety
in samples of athletics, tennis, swimming, basketball, handball, volleyball, and soccer
athletes [33]. Coping strategies were another topic analyzed in professional soccer during
Ramadan fasting [34], as well as in other sports than soccer, such as handball, martial
arts, rugby, basketball, athletics, aerobic and artistic gymnastics, volleyball, tennis, and
swimming during the COVID-19 pandemic [35]. Lastly, the personality and resilience of
competitive drivers were another topic of research [36].

In basketball, one study compared the redox, hormonal, metabolic, and lipid profiles
between adult male and female athletes and sedentary controls [37], while others charac-
terized the salivary proteome and metabolome of highly trained female and male young
basketball players [38].

Body composition and rapid weight loss were another topic of analysis for combat
athletes [39]. Moreover, not only body composition but also physiology and morphology
were compared between male and female Olympic-distance triathletes [40,41]. Another
study analyzed the effects of low-intensity aerobic training combined with blood flow
restriction on body composition, physical fitness, and vascular responses in recreational
runners [42]. An analysis of the vitamin D receptor (VDR), the rs2228570 polymorphism,
and its effect on elite athletes’ performance was also compared between track and field
athletes with non-athletes (controls with a physical activity record) [43].

In tennis, high-intensity interval training effects in athletes with and without cognitive
load were analyzed on accuracy, critical flicker fusion threshold, and rating of perceived
exertion [44].

In Olympic weightlifting, a comparison of the fatigue prompted by the “Clean and
Jerk”, and “the Snatch” and their derivative exercises among male and female participants
was performed [45].

A case study about the influence of swimming training on an athlete with active
Chron’s disease, where scarce research exists, was conducted [46]. Finally, another case
study analyzed four athletes who participated in a 768 km ultra-trail race for 11 days to
address bone turnover alterations [47].

This Special Issue provides relevant information to update the state of the art in this
field. It addresses several sports, including young, professional, recreational, male, and
female athletes. Moreover, it addresses some gaps in the literature (e.g., Chron’s disease,
Olympic weightlifting, or velocity speed loss). Notwithstanding, this Special Issue, along
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with its included studies, contributes information to improve load monitoring (of training
and competition) and healthcare through direct or indirect research.

Author Contributions: Conceptualization: R.O. and J.P.B.; writing—original draft: R.O. and J.P.B.;
writing—review and editing: R.O. and J.P.B.; project administration: R.O. and J.P.B. All authors have
read and agreed to the published version of the manuscript.

Conflicts of Interest: The authors declare no conflict of interest.
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Abstract: Training intensity monitoring is a daily practice in soccer which allows soccer academies to
assess the efficacy of its developmental interventions and management strategies. The current sys-
tematic review’s purpose is to: (1) identify and summarize studies that have examined external and
internal training intensity monitoring, and to (2) provide references values for the main measures for
young male soccer players. A systematic review of EBSCO, PubMed, Scielo, Scopus, SPORTDiscus,
and Web of Science databases was performed according to the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guidelines. From the 2404 studies initially identified,
8 were fully reviewed, and their outcome measures were extracted and analyzed. From them, the
following range intervals were found for training: rated perceived exertion (RPE) 2.3–6.3 au; session-
RPE, 156–394 au; total distance, 3964.5–6500 m and; distance >18 km/h, 11.8–250 m. Additionally,
a general tendency to decrease the intensity in the day before the match was Found. This study
allowed to provide reference values of professional young male players for the main internal and
external measures. All together, they can be used by coaches, their staff, or practitioners in order to
better adjust training intensity.

Keywords: football; male; training; youth; RPE; GPS; running; high-speed running; sprint

1. Introduction

Training intensity monitoring is a daily practice within the soccer training context [1].
Training intensity describes how hard a player is exercising [2]. Understanding the impact
of training stimulus on the players and identify the variations between players contributes
to an adjustment of planning and for adjusting specific recovery or managing strategies [3].
For that reason, coaches expect that training intensity monitoring guides them for planning
better for an improvement in performance and reduction in injury risk [1]. Quantifying as-
pects of young players development and performance (e.g., physical abilities, physiological
capacities, technical and tactical skill) allows soccer academies to assess the efficacy of its
developmental interventions and management strategies [4]. By collecting and analyzing
regular inputs related to player development and performance, organizations create a feed-
back loop in which their planning and training interventions can be objectively assessed.

The monitoring is commonly organized in two dimensions [5]: (i) internal intensity;
and (ii) external intensity. The internal intensity represents the psychophysiological impact
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of external intensity on the player’s organism while the external intensity represents the
mechanical and physical impact of training drills on the players [6]. Different instruments
can be used to assess these dimensions, however in soccer, the most common instruments
for measuring internal intensity are heart rate monitors and rated perceived exertion (RPE)
scale, while for measuring the external intensity the most common are microelectromechan-
ical systems (e.g., global positioning system, local positioning system, inertial measurement
units) [7].

From such instruments, the typical variables extracted are heart rate-bases scores, RPE-
based scores and distances covered at different speed thresholds, or changes of velocity
(accelerations and decelerations). The measures are daily quantified in training and match
scenarios. Using absolute intensity per session and per week, the sports scientist has some
possibilities of understanding the within- and between-weeks variations [7].

The analysis of intensity impact on players is highly relevant. One of the reasons is
justified by the gap between coaches perception and the actual intensity imposed on the
players [8]. Based on that, employing intensity monitoring in youth teams became a typical
strategy used by coaches [9]. Thus, a growing number of researches have been published
in training monitoring in youth soccer players [10–12].

Although the increase in intensity monitoring reports in young soccer, most of the
articles are from the same team. This reduces the possibility of generalization of the
evidence. However, is also known that is not expectable to reach different teams at the
same time over long periods of the season. Thus, one of the strategies can be to summarize
the available evidence about intensity values of young soccer players by conducting a
systematic review. Although a possible idea, no systematic review was found about that.
Although there is pertinence of looking into both males and females, summarizing both
within the same article would not be useful since the huge differences related with a number
of publications and a logical difference between sexes produces a different approach to
the consequences for the article logic. Thus, a more focused contribution as a systematic
review may help coaches to compare values of training intensity in young male soccer
and provide some benchmarks. Thus, the aim of this systematic review is to identify and
summarize studies that have examined external and internal training monitoring and to
provide references values for the main measures for young male soccer players.

2. Materials and Methods

The preferred reporting items for systematic reviews and meta-analyses (PRISMA)
guidelines were followed to write this systematic review [13] and guidelines for per-
forming systematic reviews in sport sciences [14]. The protocol of the systematic review
was a priori registered in the International Platform of Registered Systematic Review
and Meta-Analysis Protocols with the number INPLASY202180055 and the DOI number
10.37766/inplasy2021.8.0055.

2.1. Eligibility Criteria

The inclusion and exclusion criteria can be found in Table 1.
The screening process related to analysis of the title, abstract and reference list of

each study to locate potentially relevant studies was independently executed by two of
the authors (A.M.V. and M.R.G.). Moreover, both authors also reviewed the full version
of the included papers in detail to identify which article met the inclusion criteria. Ad-
ditionally, a search within the reference lists of the included records was performed to
add additional relevant studies. In the cases of discrepancies, a discussion was performed
with the participation of a third author (R.O.). Possible errata for the included articles
were considered.
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Table 1. Eligibility criteria.

PICOS Inclusion Criteria Exclusion Criteria

Population Healthy young (under eighteen) male
soccer players.

Studies conducted with professional or amateur
players or in other sports, or with

female populations.

Intervention/Exposure
Exposure to entire training sessions for number

of weeks and sessions included (minimum
one week).

No exposure to entire training sessions (e.g.,
specific exercises only reported; only matches; only

simulated matches).

Comparator
Not required. Eventually, comparisons between

playing positions and/or competitive levels
within the same age-group and/or age-groups.

No study will be excluded based on comparators.

Outcomes

Presents at least of one measure among the
included in internal (e.g., heart rate, rate of

perceived exertion) and/or external intensity
(e.g., distances covered at different speed

thresholds, acceleration-based measures) in
absolute values. Whenever relative values

allow to calculate absolute values, the study
will be included.

Absence of data characterizing the intensity
during the training sessions (e.g., wellness

variables, readiness parameters) and or only
reports the data in relative values without

allowing the calculation of absolute values. Data
from workload calculations will also be excluded

(e.g., accumulated weekly intensity, training
monotony, strain, ACWR, EWMA).

Study design No restrictions imposed on study design. No study was excluded on the basis of
study design.

Others Only original and full-text studies written
in English.

Written in other language than English. Other
article types than original (e.g., reviews, letters to
editors, trial registrations, proposals for protocols,
editorials, book chapters and conference abstracts).

PICOS: (P) population; (I) intervention/exposure; (C) comparator; (O) outcomes; (S) study design.

2.2. Information Sources

The following electronic databases were used to search for relevant publication on
the 3 July 2021, after protocol registration: FECYT (MEDLINE, Scielo, and Web of Science),
PubMed, and Scopus. A manual search was also conducted after search in electronic
databases to retrieve additional studies that could fit our eligibility criteria.

2.3. Search Strategy

Keywords and synonyms were entered in various combinations in the title, abstract
or keywords which means that the following research content was applied: (“soccer” OR
“football”) AND (“internal load” OR “external load” OR “workload” OR “training load”
OR “load monitoring”). Search results were exported to EndNote 20.0.1 for Mac (Clarivate
Analytics). No filters or limits were applied.

2.4. Data Extraction

A specific spreadsheet was designed in Microsoft Excel (Microsoft Corporation, Read-
mon, WA, USA) for process the data extraction. The design followed the recommendations
of the Cochrane Consumers and Communication Review Group’s data extraction tem-
plate [15]. In this spreadsheet the information about inclusion and exclusion requirements
and reasons was detailed. The selection of the articles was made independently by two
authors (A.M.-V. and M.R.-G.). In the cases of discrepancies, a discussion was performed
with the participation of a third author (R.O.).

2.5. Methodological Assessment

The methodological quality was assessed using the methodological index for non-
randomized studies (MINORS) by two authors (A.M.-V. and M.R.-G.) [16]. MINORS
consists of twelve items, four of which are only applicable to comparative studies which was
not the case of the included studies. Thus, only eight items were applied. Each item is rated
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as 0 when the criterion is not reported in the article, 1 if reported but not sufficiently fulfilled,
or 2 when adequately met. Higher scores indicate good methodological quality of the
article and a low risk of bias. The highest possible score is 16 for non-comparative studies.
MINORS has yielded acceptable inter- and intra-rater reliability, internal consistency,
content validity, and discriminative validity [16,17].

3. Results

A total of 2404 (i.e., FECYT: 1481; PubMed: 806; Scopus: 117) original articles were
initially retrieved from the mentioned databases, of which 834 were duplicates. Thus, a
total of 1570 original articles were found. After this, a total of 1558 articles checked by title
and abstract were excluded. The remaining 12 articles were checked in full text, leading
to the exclusion of 3 articles according to criterion nº 1, and 1 according to criterion nº 2.
Additionally, 1 article was included from additional sources. A total of 8 articles met all
the inclusion criteria and were finally included in the qualitative synthesis. All the steps
followed for the selection of the articles are available in Figure 1.
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3.1. Methodological Quality

The overall methodological quality of the cross-sectional studies can be found in Table 2.

Table 2. Methodological assessment using MINORS checklist.

Study 1 2 3 4 5 6 7 8 Score

[18] 2 2 1 1 1 2 2 1 12/16
[19] 2 2 2 2 0 1 2 1 12/16
[20] 2 2 1 1 1 2 2 2 13/16
[21] 2 2 2 2 1 2 2 2 15/16
[22] 2 2 2 2 1 1 2 2 14/16
[23] 2 2 1 2 0 2 2 1 12/16
[24] 2 2 2 2 1 2 2 2 15/16
[25] 2 2 2 1 0 1 2 1 11/16

Note: The MINORS checklist asks the following information (2 = High quality; 1 = Medium quality; 0 = Low
quality): 1. Clearly defined objective. 2. Inclusion of patients consecutively. 3. Information collected retrospec-
tively. 4. Assessments adjusted to objective. 5. Evaluations carried out in a neutral way. 6. Follow-up phase
consistent with the objective. 7. Dropout rate during follow-up less than 5%. 8. Appropriate statistical analysis.

3.2. Results of the Studies

Table 3 presents the characteristics of the studies regarding their sample size, their age
of the sample, their duration, as well as training duration, internal and external measures,
and instruments used. From the eight studies included, the study of Hannon et al. was
the only to analyze the categories of under12 (U12), U13 [21]. Two studies analyzed U14
category [21,25]. Four studies analyzed U15 category [18,20,21,24]. Two studies analyzed
the category of U16 [21,25]. Three studies analyzed the category of U17 [18,23,24]. Two
studies analyzed the category of U18 [21,25]. Finally, three studies analyzed the category
of U19 [18,22,24].

Table 3. Study characteristics.

Study Sample Age Study and
Training Duration

Internal Measures/
Instruments

External Measures/
Instruments

[18]
U15 N:56
U17 N:66
U19 N:29

14.0 ± 0.2
15.8 ± 0.4
17.8 ± 0.6

9 weeks
Training duration: 90 min

1 Hz Polar Team
System, Polar, FI:

HR < 75%;
HR 75–84.9%;

HR 85% to 89.9%;
HR ≥ 90%

15 Hz GPS (SPI-Pro X II, GPSports,
Canberra, Australia):

Total distance
Distance 0–6.9 km/h

Distance 7.0–9.9 km/h
Distance 10.0–12.9 km/h
Distance 13–15.9 km/h
Distance 16–17.9 km/h
Distance ≥ 18.0 km/h

Distance ≥ 18.0 km/h NR
Impacts NR

[19] U17 N:18 15.7 ± 0.5 38 training sessions
Training duration ND

1 HZ Polar Team Pro
tracking system: HR

10 Hz Polar Team Pro tracking
System:

Total distance,
Distance 11–14.9 km/h

Distance 15.0–18.9 km/h
Distance ≥ 19.00 km/h

Acceleration ≥ 2.0 m.s−2 NR

[20] U15 N:22 14.5 ± 0.3 4 weeks
Training duration ND s-RPE (CR-10) -

[21]

U12 N:15
U13 N:13
U14 N:12
U15 N:10
U16 N:11
U18 N:15

11.7 ± 0.2
12.6 ± 0.3
13.7 ± 0.2
14.5 ± 0.3
15.5 ± 0.2
17.0 ± 0.4

1 in-season
Training duration: described in

Table 5
-

10 Hz GPS (Apex, STATSports,
Northern Ireland):

Total distance
Distance 19.8–25.2 km/h

Distance > 25 km/h

10
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Table 3. Cont.

Study Sample Age Study and
Training Duration

Internal Measures/
Instruments

External Measures/
Instruments

[22] U19 N:9 17.6 ± 0.6 1 in-season
Training duration 79 min -

10 Hz GPS OptimEye X4 (Catapult
Sports, Melbourne, Australia):

Total distance
Distance 12–15 km/h
Distance 15–20 km/h
Distance 20–25 km/h
Distance > 25 km/h

[23] U17 N: 21 16.1 ± 0.2 36 weeks
Training duration ND s-RPE (CR-10) -

[24]
U15 N:20
U17 N:20
U19 N:20

13.2 ± 0.5
15.4 ± 0.5

17.39 ± 0.55

2 Weeks
Training duration 90 min

RPE (CR-20)
s-RPE (CR-20)

18 Hz GPS STATSports Apex® (Newry,
Northern Ireland):

Total distance
Maximal speed

HMLD (>25.5 W·kg−1)
Distance > 25 km/h

Distance > 25 km/h NR
Accelerations ≥ 3 m.s−2

Decelerations ≤ −3 m.s−2

[25]
U14 N:8
U16 N:8
U18 N:8

13 ± 1
15 ± 1
17 ± 1

2 Weeks
Field training duration:

U14—90 min
U16—102 min
U18—104 min

Gym training duration:
30–35 min

5 Hz Polar Team
System®, Kempele,

Finland): HR
s-RPE (CR10)

-

U: under; min: minutes; HR: heart rate; NR: number; ND: non described; HMLD: high metabolic load distance; RPE: rated perceived
exertion; s-RPE: session rated of perceived exertion.

In addition, three studies analyzed both internal and external measures [18,19,24],
three studies only analyzed internal measures [20,23,25] and two studies only analyzed
external measures [21,22].

Table 4 presents the results for external measures in which four studies were in-
cluded [18,19,22,24]. The table was organized according to the age categories.

Only one study presented data for starters and non-starters. Since non-starter pre-
sented lower values than starters, we provided a range interval with lower values related
to non-starters and higher values related to starters [19].

The last line of Table 4 presents the range intervals for the external measures most used.
Table 5 presents the results for external intensity by match-day minus (MD-) and by

players positions (last two lines). The approach of MD- was used by two studies [21,24],
while player positions was analyzed by one study [24]. The last line of Table 5, before
player positions data, presents the range intervals according to the MD- approach for the
measures most used.

Table 6 presents results for internal intensity in which one study included 1-match
week and 2 matches-week analysis [20], one study analyzed player positions [23], one
study analyzed player status (starters vs. non-starters) [19], three studies analyzed the
average overall team [24–26] and two studies used MD- approach [23,24]. The session-
rated of perceived exertion (s-RPE) was the variable most used to quantify internal training
intensity. Finally, one study presented internal intensity for gym training [25]. The main
results showed a range interval range of 2.3 to 6.3 arbitrary units (au) for RPE between U14,
U15, U16, and U18 [20,25] and 156–394 au for s-RPE between U15 and U17 [20,23].
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4. Discussion

The aim of this systematic review was to identify and summarize studies that have
examined external and internal training intensity monitoring in young male soccer players
and to provide references values for the main training intensity measures. The main results
showed the following range intervals by overall teams that include (U12 to U19):

training duration of 79–117 min [18,19,21,22,24];
total distance of 364.5–6500 m [18,19,21,22,24];
distance > 18 km/h of 11.8–250 m [18,19,21,22];
distance > 25 km/h of 0–30 m [18,19,21,22,24].

The importance of prescribing appropriate training intensities to improve player
performance is well recognized in the current literature [27,28]. However, there remains a
lack of clarity regarding the training intensity values most likely to promote improvements
in young players performance.

4.1. Reference Values Depending on Age Group

When analyzing the mean of the total distance per training session for overall team of
the selected studies, there was a pattern of increasing distance until older ages [18,21,22,24]
which was also corroborated by increase in the number of body impacts [18]. However,
Dalen and Lorås reported a decrease in the number of accelerations from U15 to U17,
respectively, [19], which was in line with Teixeira et al. that found the same pattern from
U17 to U19 [24].

When considering, the accumulated weekly, total distance did not show that pat-
tern from under U12 (~18.6 Km), U13 (~19.3 km), U14 (~19.5 km), U15 (~21.0 km), U16
(~20.8 km), U17 (~16.0 km), U18 (~21.2 km) to U19 (~16.0 km) age-groups [18,19,21,22,24,25].
Considering only the study of Hannon et al. that quantifying the training and match vol-
ume in male players from an English Premier League academy during two in-season
microcycles, it was found an increase in the accumulative total distance from U12/13
(38.3 ± 5.1 km), to U15 (53.7 ± 4.5 km) and to U18 (54.4 ± 7.1 km) [21]. Additionally,
Abade et al. reported a higher total distance covered for U17 players than for U19 [18].

Perhaps technical-tactical methodologies, namely game model, can explain these
data. There was an age-related increase in the training intensity and to a greater extent
in the training volume [25]. Due to this fact, associated with a more conscious pacing
strategy and better game interpretation with age, it was possible to also increase the
exercise economics [24,29]. Even more interaction effects were found between inter-day
and age [21,24], confirming an increase in the pacing strategy in the aging progression.
Training periodization also seemed to influence the external intensity, concerning the
training day and weekly microcycle [24].

The sprints number reported by the studies showed a high dispersion. In the study
by Abade et al. [18] 11 ± 6 sprints (distance = 12 ± 5 m) were reported in U15 but in
Teixeira et al. [24] only 2 ± 3 sprints (sprint distance = 28 ± 42 m), however the distance
is twice that reported by Abade et al. [18]. In U17, the sprint number and sprint distance
data were, respectively, between 16.4 ± 8.2 (sprint distance = 13.0 ± 5.3 m) [18] and
4.8 ± 4.8 (sprint distance = 130.4 ± 462.6 m) [24]. Teixeira et al. (2021) study evidenced the
lowest intensity in U15 players’ training sessions regarding high-speed run, average sprint
distance, number of sprints [24]. The high standard deviation expresses the dispersion of
results, which makes it difficult to standardize training intensity patterns related to the
sprint number and distance at youth age.

Regarding internal training intensity, the main results showed a range interval range
of 2.3 to 6.3 au for RPE between U14, U15, U16, and U18 [20,25] and 156 to 394 au for s-RPE
between U15 and U17 [20,23]. Additionally, after conducting the research analysis of the
present systematic review, a new study in U17 soccer players that analyze RPE and s-RPE
measures was published [30]. That study [30] is in line with the interval range for RPE
but higher values of 640 and 595 au were found for s-RPE during pre- and in-season with
training durations around 96 and 95 min, respectively, which may justify the higher values.

16



Healthcare 2021, 9, 1567

Moreover, Wrigley et al. [25] noted a higher weekly RPE in the older age group (i.e.,
U18). However, the authors Teixeira et al. verified a higher training volume in younger
players (i.e., U15 vs. U19) [24]. It is reasonable to argue that coaching team tends to
code training programs with more volume and less intensity when it comes to younger
players [24,31,32]. Furthermore, a focus on the basic tactical principles and technical skills
using constrained training tasks was reported in younger age groups [25]. Nevertheless,
the time spent at high-intensity zones and normalizing the session duration may affect the
perceived exertion [33].

There were only one study analyzed Banister TRIMP and player status and found
no differences between starters and non-starters [19] which was also corroborated by
Martins et al. [30]. Nonetheless, it is important to reinforce that the period of the season
and microcycle can influence result interpretations. For instance, the comparison of RPE
between starters and non-starters showed significant differences in the following day after
the match due to the recovery session for starters. Additionally, some differences were
found during some mesocycles of the in-season [30].

4.2. Training Intensity by Match Day Minus

The main findings showed that young players usually training between 3 to 4 days per
week. The higher intensity was found on MD-4, MD-3, and MD-2 while the lower intensity
was found on MD-1, although only two studies used this approach for data analysis [21,24].
The previous findings were similar to adult players [34–39] which seems to be convergent
in a tapering strategy based on a gradual reduction until the last day before the match [40].

The decrease in high-speed running distance and sprint distance in training sessions
before match day was also evident [21] but it was not confirmed in sprint distance by
Teixeira et al. [24]. Some studies reported that some coaches use sprinting and acceleration
exercises for neuromuscular activation as a pre-match activation methodology [24,40].

Regarding internal intensity analysis, two studies analyzed s-RPE with different scales,
CR-10 [23] vs. CR-20 [24] and different training schedules, 4 [23] vs. 3 training sessions [24].
Even so, Nobari et al. found lower intensity in the following day of the match, higher
intensity in mid-week, and the lowest intensities in the day before the match [23]. Although
the study of Martins et al. [30] was in line with these findings, no differences between
training days were found in Teixeira et al., study [24]. By contrast, previous studies
reported an decreasing intensity phase in young players concerning RPE values [25,41]
and Wrigley et al. (2012) evidenced a tapering in U18 players [25].

4.3. Player Positions

In youth soccer, the positional role has been analyzed in constrained training tasks [32,42,43],
however, the present systematic review only found one study that analyzed intensity by
position [24]. The study by Teixeira et al. analyzed three age-groups studied (U15, U17,
U19) and reported that the greatest total distance was performed by the central midfielder
(5456.9 ± 1565.9 m), followed by the wide midfielder (5370.1 ± 1692.6 m) [24]. The same
authors only found significant differences between central defenders vs. forwards in high-
speed running and sprint distance (minimum to moderate effect). Additionally, the internal
training intensity presented significant differences between wide midfielder and forwards
players (minimum effect). The same authors also reported an interaction effect between
age, week, training day and playing position for deceleration [24].

The influence of playing position on physical and physiological performance during
competition is well documented [44–46], while in training it seems to have a minimal
effect for young players. In contrast, the influence of playing position in the adult training
football has been well documented but it was non-conclusive [36,47–49]. On one hand,
it was found greater training intensity for wide defenders and wide midfielders with
respect to high-speed running and number of sprints when compared with the other
positions [48]. In the same line, it was found in several mesocycles during an in-season,
that central midfielders and wide midfielders displayed higher training intensity than
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central defenders with respect to total distance and high-speed running (>19 km.h−1) [49].
Other study found that midfielders had the highest training weekly acute load of high
metabolic load distance (6901 AU), while central defenders had the lowest (4986 AU) [47].
On the other hand, it was found no differences between players positions for total distance,
high-speed running (>19 km.h−1) [36] in mesocycle and microcycle analysis during an
in-season. The results of the present review seems unclear regarding the influence of player
positions on training intensity. A possible explanation could be related to the training
tasks, which may not be representative of the positional role specificity as referred by
Ferraz et al. [29]. In future studies, the weekly training intensity quantification should
consider the game model and representative game-based situations to promote playing
position specificity. Furthermore, speed and acceleration thresholds in the studies of this
review were based on elite gold-standard guidelines. Future research should focus on the
adjustment thresholds for elite and sub-elite youth football.

In our literature review, only two studies reported values of the internal training inten-
sity between playing positions [23,24]. Teixeira et al. Reported significant differences [24],
however Nobari et al. found no differences in the comparisons within weekdays between
the playing positions [23]. In addition, and Gjaka et al. also found no differences in accu-
mulated weekly intensity between player positions [20]. If data from adult training were
considered, the results seem to be in line because, it was found in several mesocycles during
an in-season, that central defenders displayed higher training intensity than strikers or
central midfielders with respect to s-RPE [49], while higher values of s-RPE were reported
for midfielders than other positions [50]. On the other hand, no differences were between
players positions for the same variable [36] in mesocycle and microcycle analysis during
an in-season. This information revealed that a non-consensus still remain which suggest
future studies to confirm the results.

4.4. Study Limitations and Future Directions

This study presents some limitations that influenced the results and the reference
values provided. First, the small number of studies proves that much more research
is needed in young players, even more considering the different age-group categories.
Additionally, the studies included only analyze one soccer team which limit their results.
Consequently, few studies analyzed contextual variables, such as player status, player
positions, and MD- approach. In addition, few studies included full seasons. Moreover,
the different speed thresholds and scales used makes difficult to generalize the results
and compare them between studies. In addition, training intensity and reference values
provided came from general training, but this information was not revealed by the studies.
Only one study identify data from the field and from the gym training [25]. Finally, the
present systematic review did not consider some possible inter-country variability or the
context of each study which should be considered in future studies.

Despite the limitations, the present study constitutes a relevant tool in the field of
training intensity quantification of young male soccer players that can be used for coaches,
their staff and practitioners as a reference for future studies in order to replicate such values
or even to increase the numbers presented.

In future studies, the comparison between elite and sub-elite soccer academies is an
important research gap which should be considered. Additionally, information on what
type of training and exercises could provide further knowledge on training intensity. At
last, future studies can analyze values of training intensity for injury prevention, since the
general aims of the studies in this field are to improve performance and avoid injuries.

5. Conclusions

The standard microcycle from U12 to U16 included three training sessions, while U17
and U19 included four training sessions per week. The duration of training sessions for all
age-groups was between ~70 and 117 min.
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Specifically, the following range intervals were found for training: RPE 2.3–6.3 au;
s-RPE, 156–394 au; total distance, 3964.5–6500 m and; distance > 18 km/h, 11.8–250 m.

Even though the internal training intensity did not present significant differences for
weekly inter-day analysis, there was an inverted U-shaped curve in the distribution of the
weekly external training intensity. In the older age-group players, tapering is evidenced.
On the other hand, the U14 to U16 players seems present relatively high training intensities
across the weekly microcycle. Indeed, it could be suggested that coaches opt for different
tapering strategies when the age and competition focus increases.

The playing position seems to have a minimal effect on the weekly training intensity
of young players.
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Abstract: The aims of this study were to compare the external intensity between official (OMs)
and friendly matches (FMs), and between first and second halves in the Iranian Premier League.
Twelve players participated in this study (age, 28.6 ± 2.7 years; height, 182.1 ± 8.6 cm; body mass,
75.3 ± 8.2 kg). External intensity was measured by total duration, total distance, average speed,
high-speed running distance, sprint distance, maximal speed and body load. In general, there was
higher intensity in OMs compared with FMs for all variables. The first half showed higher intensities
than the second half, regardless of the type of the match. Specifically, OMs showed higher values for
total sprint distance (p = 0.012, ES = 0.59) and maximal speed (p < 0.001, ES = 0.27) but lower value
for body load (p = 0.038, ES = −0.42) compared to FMs. The first half of FMs only showed lower
value for body load (p = 0.004, ES = −0.38) than FMs, while in the second half of OMs, only total
distance showed a higher value than FMs (p = 0.013, ES = 0.96). OMs showed higher demands of
high intensity, questioning the original assumption of FMs demands. Depending on the period of the
season that FMs are applied, coaches may consider requesting higher demands from their teams.

Keywords: performance; load monitoring; high-speed running; match load; player load; sprint

1. Introduction

An alert was recently launched for the soccer sports community about the need to
discuss the global phenomenon of pre-season soccer matches as friendly matches (FMs) [1].
Pre-season is a specific period where the main objective is the acquisition of individual
and collective adaptations that allow starting the competition adequately [2]. Usually,
pre-season lasts four to six weeks and is of critical importance to develop high-level
performance in soccer [3], which is supposed to be conducted with the aim of maximizing
players’ participation in team training sessions to develop technical, psychological, physical
and tactical performance [4,5]. From a conditioning point of view, the pre-season is
characterized by a high volume of training and a gradually increasing intensity [1,6];
however, the improvement of strategical and tactical training should also be a major aim in
this period [7].

According to the requirements of the field position, to reach a high level of physical
performance at the elite competitive level, the analysis of match demands is the only
feasible way to establish physical conditioning standards to be implemented in players.
Some studies analysed the demand patterns during elite-level soccer match play [4,8,9].
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For instance, they found that, during competitive matches, several intermittent periods of
high-intensity activity such as high-speed running distance (HSRD) interspersed with low
intensity periods occurred. Despite being a common practice, to use small-sided games
during the pre-season in professional and semi-professional soccer, they do not reflect the
intensity of the competitive game, and therefore coaches make use of FMs [8–10] in an
attempt to improve physical fitness and skill development of the team [8]. This has been
one of the aspects that have led to a greater use of FMs for the squads’ preparation [1,8].

The vast majority of FMs take place in the pre-season, where commercial imperatives
are increasingly present in the team’s performance during this period, which can condition
the training intensity and the pressure placed on players [1,11,12]. Consequently, these
matches have been scheduled increasingly closer to the beginning of the pre-season, causing
an extra physical and psychological demand to the players and coaching staff. This has
had a major impact on strength and conditioning processes, which need to be much faster,
which therefore require skipping important phases in the training process to apply higher
intensity values than expected for the period [1,11]. It will probably generate unwanted
consequences at different levels. Moreover, the “need to win” all matches contributed as an
additional stressing factor [1,12]. In addition, an inappropriate training in the pre-season
can be associated with a higher number of injuries through the in-season [13]. Beyond
the training process, the higher number of matches played with a similar intensity to the
official matches [14,15] may be associated with a higher injury rate [16]. It had been shown
that high levels of training and matches are associated with higher risk of illness and
injury [17–20].

Some studies reported that the pre-season is the period with the highest training
intensity [1,21]. For instance, Jeong et al. [21] showed higher values of mean heart rate
at 124 ± 7 beats/min and session-rated perceived exertion at 4343 ± 329 arbitrary units
(AU) in pre-season, while lower values were revealed (heart rate, 112± 7 beats/min;
session-rated perceived exertion 1703 ± 173 AU) during in-season [21].

The pre-season is currently considered by most teams as the period with the highest
intensity and a high risk of non-traumatic injuries [1,6,22]. Conversely, Coppalle et al. [18]
reported that this period is not associated with performance of the team because there
are many more factors such as technical and tactical levels, opponents and environment
that can influence the performance. Nonetheless and due to the commercial commitments,
the pressure to win all matches, which also includes FMs, has increased. In this sense
and according to Calleja-Gonzalez et al. [1], it was suggested to analyse external measures
between official matches (OMs) and FMs.

Currently, tracking systems are used in professional clubs for better external intensity
management [22]. The most used technologies are micro-sensors devices, usually known
as global positioning systems (GPS) [23–25]. They have shown to provide reliable and valid
measures of the physical activity profile of team sports [26–28]. They allow to quantify
several running distance speeds and accelerometery-based measures which are associated
with the physical demands performed (e.g., training or matches). Usually, the external
monitoring is known as external load [29–31]. However, due to the misuse of the load
concept, “intensity” is used instead of “load” [29].

The development of high levels of physical performance is essential for performance
in soccer. For that reason, it is necessary to develop a specific range of physical qualities [26]
in order to best each the physical and physiological demands for the matches [8]. In this
sense, some investigations have analysed the differences between the physical demands of
training sessions or small-sided games in OMs [8,30] or FMs [11,12,32].

Another determinant aspect in modern soccer is the ability of players to maintain high
levels of intensity during both halves of the match, and although some studies reported
a decline in the total distances covered and HSRD in the second half compared to the
first half [31,32], some studies in soccer and other sports have reported no differences
between halves [4,33]. These fluctuations in intensity running can be caused by a variety
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of factors, including tactical alterations, the quality of the match, or the players’ level of
preparation [31].

Based on previous literature, our working hypothesis was to verify if there is a
decrement on players’ performance toward the end of match and between first and second
halves for OMs and FMs. Understanding soccer players’ match-related demands and
fatigue profiles likely helps with developing conditioning programs that increase team
performance [1,34]. Despite match physical demands being a frequent study topic during
the last years, the novelty of this research relies on the comparison for the determination of
physical FMs and OMs demands. Therefore, the aims of this study were: to compare the
running distances variables and body load between OMs and FMs; to compare all variables
between first and second halves for OMs and FMs, respectively. It was hypothesised that
some GPS measures would present higher values in FMs than in OMs, and that the first
half of the matches would display higher intensity levels than the second half.

2. Materials and Methods
2.1. Design

A cohort study was conducted to identify differences between FMs and OMs during
the season through GPS-derived variables. This professional soccer team had participated
in the highest level of the Iranian Premier League called the Persian Gulf. In this league,
teams were allowed to use GPS in competitions. All external monitoring and receiving
information were performed by GPS with model GPSPORTS systems Pty Ltd., and SPI
High-Performance Unit (HPU), Canberra, Australia. Finally, for the present study, 27 OMs
and 10 FMs were analysed. The characteristics of the weeks and matches are presented in
Table 1.

Table 1. Characterization of the weeks and matches included for analysis.

Weeks Type of Matches

1–2 Not included
3–5 Friendly

6–11 Official
12 Not included

13–16 Official
17 Friendly

18–21 Official
22 Non included

23–24 Official
25 Not included
26 Official
27 Not included
28 Friendly
29 Not included

30–31 Friendly
32–33 Official

34 Friendly
35–37 Official

38 Friendly
39 Official
40 Not included *

41–44 Official
45 Not included
46 Not included *
47 Friendly
48 Official

* weeks with two official matches.
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2.2. Participants

Twelve professional players were selected according to the inclusion criteria (age,
28.6 ± 2.7 years; height, 182.1 ± 8.6 cm; body mass, 75.3 ± 8.2 kg; body mass index,
22.6 ±0.7 kg/m2) and consisted of participating in at least three consecutive matches
and training with the team at least three training sessions a week. The anthropometric
measurements were performed by specialists at the Iran Football Medical Assessment and
Rehabilitation Center (http://ifmarc.ir/) (8 August 2021). In order to measure height and
weight, the participants stood without shoes and with only shorts. For both measurements,
a portable stadiometer (accuracy of ±5 mm) and balance weighting scales (accuracy of
±0.1 kg) (Seca model 207, Germany) was used. Body mass index (kg/m2) was calculated
through the formula: weight/height2. The exclusion criteria of this study were players who
did not attend training for more than two weeks, who were excluded from the study for
any reason. In addition, the goalkeepers were omitted from the study. After coordination
and obtaining official permission from the club director, an introductory session with the
players as well as the team staff was conducted for the experimental approach of this study
and individual consent was obtained from the players. This study was approved by the
ethics committee of the University of Isfahan and Mohaghegh Ardabili University. During
the study, the Helsinki Declaration was also considered for human studies.

2.3. Monitoring External Measures

GPS receiver specifications. During the season, all workouts and match sessions
were monitored using GPSPORTS systems Pty Ltd. (Model: SPI High Performance Unit,
Canberra, Australia) for professional athletes, which includes a 15 Hz position GPS and
a tri-axial accelerometer to collect body load data. According to a previous study, this
device has a high validity and inter-unit reliability within ±2% based on root mean square
error [35]. There were no reported adverse weather conditions to affect data collection.

Prior to the start of the match, belts were worn, and after the cooldown session
post-match, they were collected. Then, GPS was placed in the dock system that allow
downloading the information to save it through the Team AMS software. The same steps
were described in a previous study [36].

According to the aims of the present study, match duration, total distance, average
speed, HSRD (18–23 km·h−1), total sprint distance (>23 km·h−1), maximal speed (MS) and
body load were measured.

2.4. Statistical Analysis

SPSS version 22.0 (SPSS Inc., Chicago, IL, USA) was used to analyse GPS data. First,
the participants and GPS measures were described through descriptive statistics. Second,
to verify the assumption normality and homoscedasticity of the several measures, Shapiro-
Wilk and Levene’s tests were applied, respectively.

In order to accomplish the study aims of comparing OMs vs. FMs and 1st vs. 2nd
halves, t tests with 95% confidence interval (CI) were conducted. A p ≤ 0.05 was considered
for statistical significance. In addition, t test family sample power was calculated for a post
hoc compute achieve power (α level = 0.05, effect size = 0.8 and n = 12) by the G-Power [37].
There was an actual power of 83% for the present analysis and sample.

The last step consisted of the effect size (ES) calculation with CI (95%) to deter-
mine the magnitude of effects which was then analysed considering the range intervals:
<0.2 = trivial, 0.2 > 0.6 = small effect, 0.6 > 1.2 = moderate effect, 1.2 > 2.0 = large effect and
>2.0 = very large [38].

3. Results

Table 2 presents descriptive results, comparisons between first and second halves and
full data between OMs and FMs.
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Table 2. Comparison of full match-day, 1st and 2nd halves between official matches and friendly matches, mean ± standard
deviation and CI (95%).

Full-Match Official Matches Friendly Matches p CI (95%) Effect Size

Duration (min) 87.9 ± 11.6
(80.5–95.3)

85.8 ± 4.1
(83.2–88.4) 0.514 −4.7, 8.9 0.24 (−57, 1.04)

Total Distance (m) 9424.7 ± 1224.5
(8646.7–10,202.7)

9125.7 ± 1224.5
(8697.8–9553.5) 0.435 −514.0, 1112.1 0.24 (−57, 1.04)

Average speed
(m/min)

107.9 ± 11.4
(100.6–115.2)

106.8 ± 11.4
(99.5–114.0) 0.585 −3.4, 5.7 0.10 (−0.71, 0.89

HSRD (m) 241.7 ± 82.2
(189.4–293.9)

220.5 ± 74.7
(173.1–268.0) 0.274 −19.3, 61.5 0.27 (−0.54, 1.06)

Total sprint
distance (m)

28.4 ± 9.5
(22.3–34.4)

21.8 ± 12.7
(13.7–29.9) 0.012 * 1.8, 11.3 0.59 (−0.25, 1.38)

Maximal speed
(km·h−1)

29.0 ± 1.2
(28.2–29.8)

28.7 ± 1.0
(28.0–29.3) <0.001 * −0.1, 0.8 0.27 (−0.54, 1.07)

Body Load (au) 157.5 ± 38.9
(132.9–182.2)

179.8 ± 63.5
(139.5–220.2) 0.038 * −43.1, −1.5 −0.42 (−1.22, 0.40)

1st Half Official Matches Friendly Matches p CI (95%) Effect Size

Duration (min) 47.1 ± 1.8
(45.9–48.2)

47.2 ± 2.7
(45.5–48.9) 0.872 −1.9, 1.6 −4.40 (−5.69,

−2.81)

Total Distance (m) 5181.5 ± 412.7
(4919.2–5443.7)

5123.1 ± 375.5
(4884.5–5361.7) 0.494 −123.3, 240.0 0.15 (−0.66, 0.94)

Average speed
(m/min)

110.2 ± 9.5
(104.2–116.3)

108.9 ± 10.0
(102.5–115.2) 0.595 −4.1, 6.8 0.13 (−0.67, 0.93)

HSRD (m), 137.7 ± 58.9
(100.3–175.2)

108.7 ± 39.3
(83.7–133.7) 0.012 * 7.8, 50.3 0.58 (−0.26, 1.37)

Total sprint
distance (m)

15.1 ± 7.5
(10.3–19.8)

12.1 ± 7.4
(7.5–16.8) 0.031 * 0.3, 5.6 0.40 (−0.42, 1.20)

Maximal speed
(km·h−1)

29.2 ± 1.4
(28.3–30.1)

28.4 ± 1.4
(27.5–29.3) 0.031 * 0.1, 1.5 0.57 (−0.26, 1.37)

Body Load (au) 88.8 ± 28.0
(71.0–106.6)

100.5 ± 33.4
(79.2–121.7) 0.004 * −18.7, −4.6 −0.38 (−1.17, 0.44)

2nd Half Official Matches Friendly Matches p CI (95%) Effect Size

Duration (min) 43.4 ± 6.2
(39.4–47.3)

38.6 ± 4.2
(35.9–41.3) 0.016 * 1.1, 8.4 0.91 (0.04, 1.71)

Total Distance (m) 4531.9 ± 638.8
(4126.0–4937.8)

4002.6 ± 442.3
(3721.6–4283.6) 0.013 * 136.0, 922.7 0.96 (0.09, 1.77)

Average speed
(m/min)

105.6 ± 14.3
(96.4–114.7)

104.9 ± 16.4
(94.5–115.3) 0.815 −5.3, 6.6 0.05 (−0.76, 0.84)

HSRD (m) 115.1 ± 33.9
(93.6–136.7)

111.9 ± 38.5
(87.4–136.4) 0.742 −17.9, 24.4 0.09 (−0.72, 0.89)

Total sprint
distance (m)

15.4 ± 4.6
(12.5–18.4)

11.6 ± 6.5
(7.5–15.8) 0.145 −1.5, 9.2 0.67 (−0.17, 1.47)

Maximal speed
(km·h−1)

28.9 ± 1.2
(28.1–29.7)

28.9 ± 1.1
(28.2–29.6) 0.974 −0.6, 0.7 0.00 (−0.80, 0.80)

Body Load (au) 75.1 ± 15.1
(65.5–84.7)

79.4 ± 32.1
(59.0–99.8) 0.520 −18.6, 10.0 −0.17 (−0.97, 0.64)

au, arbitrary units; m, meters; HSRD, high-speed running distance; AvS, average speed; TSD, total sprint distance; MS, maximal speed.
* significant differences between official match vs. friendly match, p < 0.05.

The comparisons between first half from OMs vs. FMs showed no significant differ-
ences in duration, but HSRD, sprint distance, and MS showed higher values in OMs, while
body load presented higher values in FMs (all, p < 0.05, small effect size, which means a
low power in considering the statistical power).

The comparisons between the second half from OMs vs. FMs showed higher values
for duration and total distance (all, p < 0.05, moderate effect size), but the other variables
did not present differences.
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Considering full-match comparisons, total sprint distance and MS showed higher
values in OMs than FMs, while body load showed higher values in FMs than OMs (all,
p < 0.05 with small effect size, which mean a low statistical power). The other variables did
not present significant differences.

Comparisons between first and second halves for OMs and FMs, respectively, are
presented in Table 3. Regarding OMs, there were higher duration, total distance and body
load in the first half of OMs (all, p < 0.05, moderate to large effect size). Regarding FMs,
there were higher duration, total distance and body load in the first half of FMs (all, p < 0.05,
moderate effect size).

Table 3. Comparison of first and second halves data for official matches and friendly matches, respectively.

Official Matches p (1st Half vs. 2nd Half) Confidence Interval (95%) Effect Size

Duration (min) 0.034 * 0.3, 7.1 −1.38 (−2.22, −0.45)
Total Distance (m) 0.005 * 237.0, 1062.1 1.21 (0.30, 2.03)

Average speed (m/min) 0.079 −0.6, 10.0 0.38 (−0.44, 1.17)
HSRD (m) 0.057 −0.8, 46.0 0.47 (−0.36, 1.26)

Total sprint distance (m) 0.846 −4.4, 3.7 −0.05 (−0.85, 0.75)
Maximal speed (km·h−1) 0.322 −0.3, 1.0 0.23 (−0.58, 1.02)

Body Load (au) 0.021 * 2.5, 25.0 0.61 (−0.23, 1.41)

Friendly Matches p (1st Half vs. 2nd Half) Confidence Interval (95%) Effect Size

Duration (min) <0.001 * 4.9, 12.3 2.44 (1.31, 3.39)
Total Distance (m) <0.001 * 822.7, 1418.4 2.73 (1.54, 3.73)

Average speed (m/min) 0.377 −5.5, 13.4 0.29 (−0.52, 1.09)
HSRD (m) 0.622 −17.2, 10.8 −0.08 (−0.88, 0.72)

Total sprint distance (m) 0.851 −5.1, 6.1 0.07 (−0.73, 0.87)
Maximal speed (km·h−1) 0.316 −1.4, 0.5 −0.40 (−1.19, 0.42)

Body Load (au) 0.001 * 11.0, 31.1 0.64 (−0.20, 1.044)

au, arbitrary units; m, meters; HSRD, high-speed running distance; AvS, average speed; TSD, total sprint distance; MS, maximal speed.
* denotes difference from 2nd half. all p < 0.05.

4. Discussion

The study’ aims were: to compare the running distances variables and body load
between OMs and FMs; to compare all variables between first and second halves for OMs
and FMs, respectively. The impact of the current phenomenon of the high-level of FMs
which is related to its commercial imperatives and the additional stressing factor of the
“need to win” [12] matches was the rationale for the present study. The need to win matches
implies to understand soccer players’ match-related demands and fatigue profiles that will
likely help in developing conditioning programs to increase team performance, wellness
and to reduce injuries, illnesses [34].

In general, the results indicated some differences between OMs and FMs throughout
the season; however, in the full-match data, there was no difference in OMs and FMs
in duration, total distance, average speed and HSRD. The major findings were found in
sprint distance and MS, where higher values were found in OMs, while body load showed
higher values in FMs. According to Akenhead et al. [39] and Ade et al. [40] the external
intensity imposed by OMs is often high because of the large amount of high-intensity
activity demands required, such as accelerations and high-speed running. However, in the
present study, despite the sprint distance and the maximal speed being higher in the OMs,
the body load values are higher in the FMs, which can eventually be understood due to the
coach’s tactical options, such as a more tactical positioning of the team and in the greater
pressure to regain ball’ possession, due to the “need not to lose” the game. Thus, a greater
number of impact/tackle/collision actions for ball recovery can cause a higher BL [41].

Usually, body load was used [41,42] to access the physiological demands of different
sports. However, Gomez-Piriz et al. [43] analysed body load validity through the analysis
of relationship with session-rated perceived exertion during training session and reported
that the relation between session-rated perceived exertion and body load was weak and
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non-linear despite being significant. For this reason, it was suggested that body load may
not be a valid measure to assess intensity in soccer. Since it uses an algorithm that calculates
the total measure body load, it could be limited on this ability to globally quantify soccer-
specific intensity. This measure also known as player load is not rigorous in identifying
the influence that mode of motion and ball actions have on the energy expenditure during
different actions in soccer [43]. Thus, Reilly and Bowen [44] reported that modes of
displacement, such as running backward, running sideways and changing direction, can
accentuate the metabolic charge. The combination of accelerometery, magnetometry and
GPS software with match recordings may provide more insight into categorization of
forces/accelerations received/exerted during the many contact elements within the game.

Some studies [10,45] recognized that accumulated measures of accelerometery can
provide a different construct of the training process versus internal physiological intensity
(i.e., rated perceived exertion, heart rate and blood lactate concentration). Nonetheless,
they constitute valid measures to quantify the physical demands of the players [41].

Regarding the analysis of the lowest total distance observed in the FMs, there may
possibly be a consequence of the fact that in these matches sometimes the number of
interruptions is higher for information/substitutions.

Another factor that may explain the obtained results is that during the in-season,
coaches tended to reduce training intensity [46] to allow the players to recover and reach
the match at optimum fitness levels.

However, pre-season is characterized by having a high weekly intensity, both due
to the intensity assigned in the training sessions and the number of FMs, which can
eventually condition fatigue. This possibly reflects the low priority of the coaches to
prepare their teams before FMs during pre-season and can consequently contribute to
higher accumulated fatigue level [8]. Campos-Vázquez et al. [8] reinforced the finding
of FMs being the session with highest intensity during pre-season compared with data
from training. Such results highlight the importance of playing FMs during the pre-season
and/or to compensate the OMs absence during some periods of the in-season. Nevertheless,
further investigations should aim to clarify if FMs actually reproduce the demands of OMs.

When comparing the first and second halves between OMs and FMs, higher values
were found in the first half of OMs in the HSDR, total sprint distance and maximal speed
variables. Once again, body load is higher in FMs. It can be inferred that the decisive actions
of the game that usually underlie high intensity activities occur with greater magnitude in
the first half of the OMs. In the second half, there were lower values of duration and total
distance covered in FMs.

In the present study, a decrease of total distance was observed in the second half
in both type of matches. However, there seemed to be no change in the intensity of the
matches, although Mortimer et al. [47] reported that accumulated fatigue may contribute
to a reduction in match intensity during the second half of a soccer match [48]. However,
the reduction of total distance could be associated with the progressive use of glycogen
during the game, which decreases performance in the second half [49].

As a conclusion of the analysis of our results, it is verified that the OMs present higher
values in the maximal speed and in total sprint distance, which indicates that the intensity
is higher in the displacements that underlie the decisive actions of the game.

Regarding the concern recently expressed by Calleja-Gonzalez et al. [1] that FMs
are becoming less and less friendly, we found that in all friendly games performed, the
intensity was lower than OMs.

The present study points out, as a main limitation, the small sample size. Only players
with at least three consecutive matches participated, which did not allow to provide
further insights into the players with lower match participation, known in other studies
as non-starters. Furthermore, because all players were from the same team, it is unclear
whether the results obtained would be generalizable to other teams and competitive levels.
Nevertheless, the present study represents the actual training and competition environment
from athletes.
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5. Conclusions

The results of this study provided evidence for the difference in activity patterns
between OMs and FMs in male professional soccer players. Specifically, OMs showed
higher demands in the high-intensity domain, questioning the original assumption of
FMs demands.

Furthermore, and because of this study, the use of FMs within the pre-season phase
or during the in-season should warrant additional care when planned between high-
intensity and high-volume training. For instance, pre-season FMs should be prepared
to progressively increase the intensity in training program, which theoretically means
that lower intensity should be applied in an early phase of the pre-season period when
compared to the final phase of in-season periods. In addition, during in-season, FMs
should be performed in the weeks without OMs in order to keep a day in the week with
higher intensity, once matches constitute the most demanding intensity to players.

Despite all findings from this study, the results should be carefully interpreted due
to the small sample size. Therefore, it is suggested to conduct more studies with identical
design to confirm the present findings.
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Abstract: Assessment of the physical dimension implicit in the soccer match is crucial for the
improvement and individualization of training load management. This study aims to: (a) describe
the external match load at the amateur level, (b) analyze the differences between playing positions,
(c) verify whether the home/away matches and if (d) the phase (first or second) of the championship
influence the external load. Twenty amateur soccer players (21.5 ± 1.9 years) were monitored using
the global positioning system. The external load was assessed in 23 matches, where 13 were part
of the first phase of the competition (seven home and six away matches) and the other 10 matches
belonged to the second (and final) phase of the championship (five home and five away matches). A
total of 173 individual match observations were analyzed. The results showed significant differences
between playing positions for all the external load measures (p < 0.001). There were higher values
observed in the total distance covered for central defenders (p = 0.037; ES = 0.70) and in high-intensity
decelerations for forwards (p = 0.022; ES = 1.77) in home matches than in away matches. There
were higher values observed in the total distance (p = 0.026; ES = 0.76), relative distance (p = 0.016;
ES = 0.85), and moderate-intensity accelerations (p = 0.008; ES = 0.93) for central defenders, in very
high-speed running distance for forwards (p = 0.011; ES = 1.97), and in high-intensity accelerations
(p = 0.036; ES = 0.89) and moderate-intensity decelerations (p = 0.006; ES = 1.11) for wide midfielders
in the first phase than in the second phase of the championship. Match location and championship
phase do not appear to be major contributing factors to influence the external load while the playing
position should be used as the major reference for planning the external training load.

Keywords: external load; contextual variables; soccer; amateur; home match; away match

1. Introduction

The assessment and knowledge of the physical dimension implicit in the soccer match
is crucial in the improvement and individualization of planning structures since specific
protocols can be designed in accordance with these demands [1]. In this regard, Bourdon
et al. [2] assert that the load monitoring process should assist the coaches’ decision-making
regarding the players’ availability to train and compete in order to achieve the main
objectives of performance and injury prevention [3–5]. As manifested by Zurutuza et al. [6],
it is essential to individualize training as much as possible in order to strengthen collective
training and thus optimize competition performance.

Over the years, several methods have been used to determine the physical profile of
soccer players [7]. In this sense, the global positioning system (GPS) and inertial sensors
in wearable devices are widely used to measure external loads [8–14], which are objective
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measures of work performed by an athlete during training or competition [2]. Based
on the perspective that measuring loads relative to competition demands could be an
advantageous strategy that coaches use within training periodization models [12], the
influence of the playing position and contextual factors (e.g., home/away, opponent’s
standard positions, match period) on the match load has been a subject of particular
attention [12,13,15–17] and their effects are well-reported.

In elite soccer, match loads have been being assessed for several years [8–14]. However,
at the amateur level, clubs and their coaches do not have sufficient resources to allow them
to precisely monitor the training/match load. Based on the identified differences between
amateurs and professionals, Dellal et al. [18] suggest an adequation of training for these
athlete populations. At the amateur level where athletes associate sports practice with
another professional activity, the use of instruments that provide accurate data, even if
used in spaced-out periods of the sports season, will allow the collection of data that help
coaches to carry out adequate management of loads.

As stated by García-Rubio et al. [19], identifying the interactive effects of contextual
variables on performance indicators can enable better team preparation. In this respect,
Springham et al. [20] exposed that, of the analyzed contextual variables, only the playing
position and goal deficit were identified as predictors of match physical performance.
Additionally, some studies [21,22] describe that match location can exert a confounding
effect on match physical performance, where home matches place greater physical demands
on players compared with playing away. The study by Oliveira et al. [23] confirms that
match location can influence internal and external load data preceding home and away
matches. Lastly, Reche-Soto et al. [13] consider that physical, technical, tactical, and
psychological training should be planned in relation to match location and level of the
opponent. Amateur soccer teams usually have a lower frequency of training sessions,
which requires physical, technical, tactical, and psychological training to be planned with
great thoughtfulness with regard to match location [24]. According to the contextual factors
(home/away, first/second phase), it may be necessary to adjust the microcycle to induce
optimal physiological and performance recovery before the match [25,26]. In this sense, it
is essential to analyze the effect that match location and championship phase can have on
effort intensity of players on amateur teams.

Thus, to better identify and understand the current physical match demands placed
on players in different playing positions at the amateur level as well as the impacts of
contextual variables, this study aims to (a) describe the external match load at the amateur
level, (b) analyze the differences in the external match load between playing positions,
(c) verify whether the home/away contextual factor impacts the external match load, and
(d) determine whether there are differences in match load between the first and the second
phases of the championship.

2. Materials and Methods
2.1. Experimental Approach to the Problem

This investigation follows an associative strategy [27] where an attributive variable
is utilized and differences between groups are examined. It is a longitudinal observa-
tional study performed with amateur soccer players participating in an official Portuguese
regional competition.

Match data were collected over the 2018/2019 competitive season from October to
June. The standard competitive microcycle included a match (Sunday) and three training
sessions (Tuesday, MD–5; Thursday, MD–3; and Friday, MD–2—according to Malone
et al. [28], training sessions are classified in relation to the number of days before the next
competitive match). Twenty-four matches were observed throughout the data collection
period, one of which was excluded from the analysis because the match was interrupted
due to weather conditions and completed days later. Out of the 23 analyzed matches,
13 were part of the first phase of the competition (seven home and six away matches) while
the other 10 matches belonged to the second (and final) phase of the championship (five
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home and five away matches). In the first phase, eight teams competed for the qualification
to the final phase (the top three to classify would get access to this phase) where they would
play for promotion (the analyzed team classified in the first place). In the final phase, six
teams competed for the top three places giving access to the higher division (the analyzed
team classified in the second place).

Assessment of the demands of a soccer match at the amateur level will allow increasing
the knowledge about this little studied context (in terms of training/match monitoring).
Evaluating the match load according to match location and championship phase will
allow assessing the influence of these variables on the game and the players, and through
this type of analysis, planning structures can be properly adapted to the specificities and
particularities of the competitive period.

2.2. Participants

Twenty amateur soccer players (age: 21.5 ± 1.9 years old; height: 174.5 ± 7.9 cm;
body weight: 71.2 ± 7.6 kg; fat mass: 17.5 ± 3.9%) from the same team that participated in
the Portuguese men’s soccer championship (regional level) were included in this analysis.
Given the preliminary nature of our study, we applied a stringent inclusion criterion.
Players were only included in the analysis if they participated in at least four full matches
during the data collection period. All the players and coaches were informed about the
research protocol, requisites, benefits, and risks, and their written consent was obtained
before the start of the study. The study protocol was approved by the ethics committee of
the local university (No. 67/2017) and performed according to the ethical standards of the
Declaration of Helsinki [29].

The analyzed team played in the 1:4:3:3 formation throughout the season, with two
defensive midfielders and one offensive midfielder (these three players are hereinafter
referred to as central midfielders). All the analyses were conducted according to playing
positions (goalkeeper, central defender, full-back, central midfielder, wide midfielder, and
forward). Goalkeeper’s data were only used to describe the match load for this playing
position and were excluded from the comparative analysis. A total of 173 individual match
observations were analyzed: goalkeeper (GK; n = 3 players, n = 18 cases), central defender
(CD; n = 4 players, n = 35 cases), full-back (FB; n = 4 players, n = 38 cases), central midfielder
(CM; n = 5 players, n = 44 cases), wide midfielder (WM; n = 5 players, n = 28 cases), and
forward (F; n = 3 players, n = 10 cases).

2.3. External Match Load

The data from the external match load were collected using portable 10 Hz GPS devices
(PlayerTek, Catapult Innovations, Melbourne, Australia); each of them also incorporated
a triaxial 100 Hz accelerometer. This type of GPS devices seems to be the most valid and
reliable for use in team sports [30].

The PlayerTek inertial devices were turned on and placed in a specific customized
vest pocket located on the posterior side of the upper torso fitted tightly to the body, as
is typically used in matches. These devices were turned on 10 min before the start of the
warm-up period. During the monitoring period, the GPS devices would always be placed
and checked by the same coach of the team, and each player would always use the same
device [31].

The running variables obtained from the GPS were the total distance covered (TDC, m),
the relative distance covered (RDC, m/min), and the distance covered (m) at five different
speed thresholds: walking/jogging distance (WJD), 0.0 to 3.0 m/s; running-speed distance
(RSD), 3.0 to 4.0 m/s; high-speed running distance (HSRD), 4.0 to 5.5 m/s; very high-speed
running distance (VHSRD), 5.5 to 7.0 m/s; and sprint distance (SpD), a speed greater than
7.0 m/s [32]. The total number of accelerations and decelerations in three zones was also
analyzed: low-intensity (LI Acc./LI Dec.), 0.0 to 2.0 m/s2; moderate-intensity (MI Acc./MI
Dec.), 2.0 to 4.0 m/s2; and high-intensity (HI Acc./HI Dec.), greater than 4.0 m/s2 [9].
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Moreover, player load (PL) was also included as a global load indicator in volume (AU)
and intensity (AU/min).

2.4. Statiscal Analyses

All the statistical analyses were conducted using SPSS for Windows statistical software
package version 22.0 (SPSS Inc., Chicago, IL, USA). Initially, descriptive statistics were used
to describe and characterize the sample. Shapiro–Wilk and Levene’s tests were conducted
to determine normality and homoscedasticity, respectively. One-way ANOVA was used
with Scheffe’s post-hoc method. One-way analyses of variance were used to compare all the
dependent variables (external match load measures) across the playing positions. Student’s
t-test was also used to compare data by match location (home/away contextual factor) and
championship phase (first and second phases). The effect size with 95% confidence interval
(ES 95% CI) statistic was calculated to determine the magnitude of effects. Furthermore,
Hopkins’ thresholds for the effect size statistics were used as follows: ≤0.2, trivial; >0.2,
small; >0.6, moderate; >1.2, large; >2.0, very large; and >4.0, nearly perfect [33]. Alpha was
set at p ≤ 0.05.

3. Results
3.1. Description of the External Match Load by Playing Position

Description of the 15 dependent variables by playing position is presented in Table 1.
The central midfielders were the players who showed the greatest total distance covered
(11,020 ± 720 m) and relative distance covered (112.7 ± 7.5 m/min). The forwards were
those who showed greater very high-speed running distance (667 ± 158 m) and sprint
distance (299 ± 96.6 m). The forwards and the wide midfielders exhibited the largest
number of high-intensity accelerations, 36 ± 7 and 35 ± 8, respectively. The forwards were
also the ones with the largest number of high-intensity decelerations (49 ± 7). The central
midfielders were those who presented with greater player load, both absolute and relative
(476 ± 31.2 AU and 4.9 ± 0.3 AU/min, respectively).

Table 1. External match load by playing position (mean ± SD).

Goalkeeper Central
Defender Full-Back Central

Midfielder
Wide

Midfielder Forward Team (a)

TDC (m) 4852 ± 592 9443 ± 547 10,129 ± 704 11,020 ± 720 10,003 ± 1004 10,906 ± 844 10,265 ± 963
RDC (m/min) 49.4 ± 5.7 96.5 ± 5.2 103.8 ± 7.2 112.7 ± 7.5 101.9 ± 9.8 110.9 ± 9.3 104.6 ± 9.8

WSJ (m) 4317 ± 545 6350 ± 375 5750 ± 373 6044 ± 438 5892 ± 218 3963 ± 2712 5914 ± 879
RSD (m) 324 ± 65.8 1717 ± 224 1954 ± 277 2463 ± 437 1855 ± 498 4484 ± 2705 2179 ± 957

HSRD (m) 178 ± 64.5 1048 ± 154 1551 ± 413 1832 ± 336 1501 ± 414 1494 ± 636 1505 ± 461
VHSRD (m) 31.9 ± 32.6 268 ± 74.7 636 ± 188 515 ± 166 579 ± 132 667 ± 158 503 ± 198

SpD (m) 0.9 ± 2.3 59.6 ± 41.8 239 ± 115 97.5 ± 77.3 190 ± 54.7 299 ± 96.6 148 ± 111

LI Acc. (n) 104 ± 23 210 ± 23 200 ± 23 244 ± 41 170 ± 39 206 ± 30 212 ± 40
MI Acc. (n) 73 ± 17 179 ± 23 231 ± 39 244 ± 38 212 ± 43 237 ± 39 221 ± 44
HI Acc. (n) 10 ± 6 16 ± 6 32 ± 7 29 ± 9 35 ± 8 36 ± 7 29 ± 10

LI Dec. (n) 94 ± 24 226 ± 40 214 ± 25 228 ± 33 192 ± 42 219 ± 39 219 ± 36
MI Dec. (n) 68 ± 17 147 ± 17 186 ± 38 218 ± 29 175 ± 33 205 ± 22 186 ± 40
HI Dec. (n) 10 ± 4 21 ± 7 39 ± 8 44 ± 12 41 ± 11 49 ± 7 37 ± 13

PL (AU) 207 ± 17.4 380 ± 22.3 420 ± 34.7 476 ± 31.2 399 ± 42.5 435 ± 22.5 425 ± 49.0
PL (AU/min) 2.1 ± 0.2 3.9 ± 0.2 4.3 ± 0.4 4.9 ± 0.3 4.1 ± 0.4 4.4 ± 0.3 4.3 ± 0.5

SD = standard deviation; TDC = total distance covered; RDC = relative distance covered; WJD = walking/jogging
distance (0.0 to 3.0 m/s); RSD = running-speed distance (3.0 to 4.0 m/s); HSRD = high-speed running distance
(4.0 to 5.5 m/s); VHSRD = very high-speed running distance (5.5 to 7.0 m/s); SpD = sprint distance (>7.0 m/s);
LI Acc. = low-intensity accelerations (0.0 to 2.0 m/s2); MI Acc. = moderate-intensity accelerations (2.0 to 4.0 m/s2);
HI Acc. = high-intensity accelerations (>4.0 m/s2); LI Dec. = low-intensity decelerations (0.0 to −2.0 m/s2);
MI Dec. = moderate-intensity decelerations (−2.0 to −4.0 m/s2); HI Dec. = high-intensity decelerations
(>−4.0 m/s2); PL = player load; AU = arbitrary units; m = meters; min = minutes; (a) all playing positions,
excluding goalkeeper’s data.
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3.2. External Match Load—Comparison between Playing Positions

Significant differences were found between playing positions for all the external match
load measures (p ≤ 0.001) and can be observed in detail in Table 2. Regarding the total
distance covered, the central defenders (CD) presented with a significantly smaller distance
compared to the other playing positions (p = 0.006; ES = −1.07 to −2.40), except for the
wide midfielders (W), p = 0.075. The central midfielders showed a larger total distance than
the other playing positions (p = 0.000; ES = 1.20 to 2.40), except for the forwards (p = 0.996).
Regarding the relative distance covered, it appears that the central midfielders had a greater
relative distance covered than the other playing positions (p = 0.000; ES =1.20 to 2.44), with
the exception of the forwards (p = 0.980); in relation to the distance covered at different
speed zones, the central defenders and the full-backs showed significant differences in all
the zones (p = 0.025; ES = −2.51 to 1.59), with the exception of the running-speed distance
(p = 0.774). A tendency towards the higher-intensity speed zone was noted for the full-backs,
while the walking/jogging distance had higher values among the central defenders.

Table 2. External match load—comparison between playing positions, CI 95%, and ES.

CD vs. FB CD vs. CM CD vs.
WM CD vs. F FB vs. CM FB vs. WM FB vs. F CM vs.

WM CM vs. F WM vs. F

TDC (m)
−1234.6 to
−138.3

**/moderate

−2107.0 to
−1047.1
***/very

large

−1153.8 to
32.7

−2302.5 to
−624.6

***/very
large

−1408.8 to
−372.5

***/large

−456.8 to
708.7

−1608.7 to
54.5

450.9 to
1582.2

***/large

−706.2 to
933.2

−1765.0 to
−41.0

*/moderate

RDC
(m/min)

−12.8 to
−1.8

**/moderate

−21.5 to
−10.8

***/very
large

−11.4 to
0.6

−22.9 to
−5.9

***/very
large

−14.1 to
−3.6

***/large
−3.9 to 7.8 −15.5 to

1.3
5.1 to 16.5
***/large

−6.5 to
10.0

−17.8 to
−0.3

*/moderate

WSJ (m)
48.5 to
1152.7

*/large

−227.3 to
840.2

−139.3 to
1055.7

1542.0 to
3232.0

***/large

−816.0 to
227.8

−729.3 to
444.6

948.9 to
2624.0

***/large

−418.0 to
721.4

1254.9 to
2906.1

***/large

1060.7 to
2797.0

***/large

RSD (m) −787.7 to
314.8

−1278.6 to
−212.8

**/moderate

−734.4 to
458.7

−3610.4 to
−1923.1
***/very

large

−1030.3 to
11.8

−487.4 to
684.6

−3366.5 to
−1694.1
***/very

large

39.0 to
1176.7

*/large

−2845.3 to
−1196.8
***/large

−3495.7 to
−1762.1

***/large

HSRD (m)
−771.7 to
−234.9

***/large

−1043.4 to
−524.5

***/large

−743.4 to
−162.5

***/large

−857.0 to
−35.5

*/large

−534.4 to
−27.0

*/moderate

−235.0 to
335.6

−350.1 to
464.2

54.0 to
607.9

*/moderate

−63.6 to
739.1

−415.3 to
428.8

VHSRD
(m)

−477.3 to
−257.9

***/very
large

−352.6 to
−140.5

***/very
large

−429.3 to
−191.9

***/very
large

−566.4 to
−230.7

***/very
large

17.4 to
224.8

*/moderate

−59.6 to
173.7

−197.3 to
135.5

−177.3 to
49.1

−316.1 to
12.0

−260.5 to
84.5

SpD (m)

−240.1 to
−119.3

***/very
large

−96.3 to
20.5

−195.8 to
−65.0

***/very
large

−331.5 to
−146.5

***/nearly
perfect

84.7 to
198.9

***/large

−14.9 to
113.6

−151.0 to
32.4

−154.8 to
−30.1

***/large

−291.5 to
−110.7

***/moderate

−203.7 to
−13.6

*/large

LI Acc. (n) −14 to 33 −56 to −6
*/moderate

15 to 66
***/large −32 to 41 −66 to −21

***/large
6 to 56

*/moderate −41 to 31 50 to 99
***/large

3 to 74
*/moderate −73 to 1

MI Acc. (n) −79 to −25
***/large

−91 to −39
***/very

large

−62 to −5
*/moderate

−99 to −17
**/very

large
−38 to 12 −10 to 47 −46 to 35 4 to 59

*/moderate −33 to 47 −66 to 18

HI Acc. (n)
−21 to −10

***/very
large

−18 to −7
***/large

−24 to −13
***/very

large

−28 to −12
***/very

large
−2 to 9 −8 to 3 −12 to 4 −12 to 0

*/moderate −16 to 1 −10 to 7

LI Dec. (n) −14 to 37 −27 to 23 6 to 61
*/moderate −32 to 46 −38 to 10 −5 to 49 −44 to 34 9 to 62

**/moderate −29 to 47 −67 to 14

MI Dec. (n) −60 to −17
***/large

−92 to −50
***/very

large

−52 to −4
*/moderate

−91 to −24
***/very

large

−53 to −12
***/moderate −13 to 34 −52 to 14 21 to 66

***/large −19 to 46 −64 to 4

HI Dec. (n)
−25 to −11

***/very
large

−29 to −16
***/very

large

−28 to −12
***/very

large

−38 to −17
***/very

large
−11 to 2 −9 to 6 −20 to 1 −5 to 10 −16 to 5 −19 to 4

36



Healthcare 2022, 10, 594

Table 2. Cont.

CD vs. FB CD vs. CM CD vs.
WM CD vs. F FB vs. CM FB vs. WM FB vs. F CM vs.

WM CM vs. F WM vs. F

PL (AU)
−63.9 to
−16.7

***/large

−119.5 to
−73.8

***/very
large

−45.4 to
5.7

−91.5 to
−19.2

***/very
large

−78.7 to
−34.0

***/large

−4.7 to
45.5

−50.9 to
20.8

52.4 to
101.1

***/very
large

6.0 to 76.6
**/large

−72.6 to
1.7

PL
(AU/min)

−0.7 to
−0.2

***/large

−1.2 to
−0.8

***/very
large

−0.5 to 0.1

−0.9 to
−0.2

***/very
large

−0.8 to
−0.3

***/large
−0.3 to 0.5 −0.5 to 0.3

0.5 to 1.1
***/very

large

0.1 to 0.8
**/large −0.7 to 0.0

CD = central defender; FB = full-back; CM = central midfielder; WM = wide midfielder; F = forward; TDC = total
distance covered; RDC = relative distance covered; WJD = walking/jogging distance (0.0 to 3.0 m/s); RSD = running-
speed distance (3.0 to 4.0 m/s); HSRD = high-speed running distance (4.0 to 5.5 m/s); VHSRD = very high-speed
running distance (5.5 to 7.0 m/s); SpD = sprint distance (>7.0 m/s); LI Acc. = low-intensity accelerations (0.0 to
2.0 m/s2); MI Acc. = moderate-intensity accelerations (2.0 to 4.0 m/s2); HI Acc. = high-intensity accelerations
(>4.0 m/s2); LI Dec. = low-intensity decelerations (0.0 to −2.0 m/s2); MI Dec. = moderate-intensity decelerations
(−2.0 to −4.0 m/s2); HI Dec. = high-intensity decelerations (>−4.0 m/s2); PL = player load; AU = arbitrary units;
m = meters; min = minutes; CI 95% = 95% confidence interval; * p < 0.05; ** p < 0.005; *** p < 0.001. Effect size: ≤ 0.2,
trivial; > 0.2, small; > 0.6, moderate; > 1.2, large; > 2.0, very large; and > 4.0, nearly perfect.

The central defenders and the forwards presented with significant differences in all
the speed zones (p = 0.025; ES = −4.07 to 1.83). The forwards presented with higher values
for running categories than the central defenders. Despite the forwards presenting with
the highest average values in very high-speed running distance and sprint distance, there
were no significant differences compared to the full-backs (p = 0.400) who presented with
slightly lower values. In the three “acceleration zones”, the central midfielders showed
higher values than both the central defenders (p ≤ 0.001; ES = 0.98 to 2.00) and the wide
midfielders (p = 0.030; ES = −0.69 to 1.82). The central defenders presented with significant
differences with all the other playing positions in moderate- (p = 0.013; ES = −0.98 to
−2.10) and high-intensity accelerations (p = 0.000; ES = −1.65 to −3.16) and in moderate-
(p ≤ 0.011; ES = −1.09 to −3.14) and high-intensity decelerations (p = 0.000; ES = −2.20
to −3.93).

Concerning the player load (AU), the central defenders presented with significantly
lower values than all the other playing positions (p = 0.000; ES = −1.34 to −3.44), except
for the wide midfielders (p = 0.213). The central midfielders presented with significantly
higher values than all the other playing positions (p = 0.012; ES = 1.35 to 3.44). The
wide midfielders only had significant differences with the central midfielders (p = 0.000;
ES = −0.97). The same results were verified for the relative player load (AU/min).

3.3. External Match Load—Home vs. Away and First vs. Second Championship Phase

Variations in the external match load by playing position, between home and away
matches, and between the first and the second championship phases are presented in
Tables 3 and 4, respectively. In the match location, significant differences were observed
in the total distance covered for the central defenders (p = 0.037; ES = 0.70) and in high-
intensity decelerations for the forwards (p = 0.022; ES = 1.77)—higher values in home
matches. In the championship phase, significant differences were observed in the total
distance covered (p = 0.026; ES = 0.76), relative distance covered (p = 0.016; ES = 0.85),
and moderate-intensity accelerations (p = 0.008; ES = 0.93) for the central defenders, in
very high-speed running distance for the forwards (p = 0.011; ES = 1.97), and in high-
intensity accelerations (p = 0.036; ES = 0.89) and moderate-intensity decelerations (p = 0.006;
ES = 1.11) for the wide midfielders—higher values in the first phase of the championship.
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Table 3. External match load—comparison between match location (home/away), mean ± SD, CI
95%, and ES.

Central Defender Full-Back Central Midfielder Wide Midfielder Forward
Home Away Home Away Home Away Home Away Home Away

TDC (m) 9646 ± 431 9271 ± 585 10,333 ± 583 9925 ± 769 11,163 ± 650 10,863 ± 775 10,214 ± 965 9793 ± 1032 10,948 ± 914 10,865 ± 875
23.9 to 725.2/*/moderate −40.9 to 857.1 −134.0 to 733.6 −355.1 to 1197.1 −1221.7 to 1387.3

RDC (m/min) 98.0 ± 4.3 95.3 ± 5.6 105.3 ± 6.3 102.4 ± 8.0 113.2 ± 7.5 112.0 ± 7.6 103.1 ± 9.8 100.6 ± 10.0 110.2 ± 10.0 111.6 ± 9.7
−0.9 to 6.1 −1.8 to 7.6 −3.4 to 5.8 −5.2 to 10.2 −15.8 to 13.0

WSJ (m) 6465 ± 358 6253 ± 369 5771 ± 368 5729 ± 387 5973 ± 552 6120 ± 256 5921 ± 214 5863 ± 227 3852 ± 2768 4074 ± 2975
−39.3 to 463.7 −206.5 to 290.5 −413.9 to 118.2 −113.9 to 228.7 −4412.6 to 3968.6

RSD (m) 1760 ± 193 1681 ± 246 2033 ± 237 1874 ± 297 2482 ± 478 2442 ± 399 1956 ± 439 1755 ± 549 4542 ± 2925 4426 ± 2813
−75.7 to 233.1 −17.9 to 335.3 −229.3 to 309.2 −184.9 to 587.4 −4068.3 to 4301.1

HSRD (m) 1073 ± 165 1026 ± 146 1637 ± 375 1465 ± 440 1906 ± 289 1750 ± 370 1598 ± 313 1403 ± 487 1569 ± 725 1419 ± 609
−59.2 to 154.6 −96.6 to 441.7 −44.9 to 357.5 −122.6 to 513.8 −826.1 to 1126.2

VHSRD (m) 281 ± 86.4 257 ± 63.5 653 ± 201 619 ± 178 555 ± 179 470 ± 141 590 ± 142 567 ± 127 677 ± 174 657 ± 160
−27.3 to 75.9 −90.4 to 159.2 −13.4 to 184.3 −81.3 to 127.5 −223.9 to 263.8

SpD (m) 65.9 ± 49.6 54.3 ± 34.5 240 ± 110 239 ± 123 113 ± 98.8 80.2 ± 65.0 175 ± 39.7 205 ± 64.4 308 ± 132 289 ± 58.1
−17.4 to 40.7 −76.3 to 77.4 −18.4 to 84.4 −71.8 to 11.3 −130.1 to 167.1

LI Acc. (n) 212 ± 24 208 ± 23 202 ± 27 199 ± 19 240 ± 41 248 ± 41 175 ± 42 164 ± 38 211 ± 35 200 ± 27
−13 to 19 −12 to 18 −33 to 17 −20 to 42 −34 to 57

MI Acc. (n) 184 ± 19 175 ± 26 238 ± 41 223 ± 35 242 ± 36 246 ± 41 217 ± 38 207 ± 49 246 ± 35 227 ± 44
−6 to 25 −10 to 40 −28 to 19 −24 to 44 −39 to 77

HI Acc. (n) 14 ± 6 18 ± 5 33 ± 7 31 ± 7 31 ± 8 27 ± 9 33 ± 9 37 ± 8 35 ± 9 38 ± 4
−7 to 0 −3 to 7 −2 to 9 −10 to 3 −13 to 7

LI Dec. (n) 227 ± 48 225 ± 32 216 ± 24 213 ± 27 223 ± 38 234 ± 25 199 ± 40 185 ± 45 210 ± 41 228 ± 40
−26 to 30 −14 to 19 −31 to 9 −19 to 47 −77 to 41

MI Dec. (n) 149 ± 16 145 ± 18 194 ± 40 177 ± 34 216 ± 28 221 ± 31 179 ± 31 171 ± 36 215 ± 21 195 ± 21
−9 to 15 −8 to 41 −22 to 14 −18 to 34 −11 to 49

HI Dec. (n) 21 ± 7 21 ± 7 41 ± 8 38 ± 8 44 ± 11 43 ± 13 42 ± 11 41 ± 11 54 ± 4 44 ± 6
−5 to 5 −2 to 8 −6 to 9 −7 to 10 2 to 18/*/large

PL (AU) 384 ± 18.7 376 ± 24.8 427 ± 32.4 414 ± 36.5 479 ± 28.3 473 ± 34.5 409 ± 42.4 390 ± 42.0 436 ± 25.8 435 ± 21.8
−7.1 to 23.7 −9.8 to 35.6 −13.0 to 25.3 −13.8 to 51.7 −33.7 to 36.0

PL (AU/min) 3.9 ± 0.2 3.9 ± 0.2 4.3 ± 0.3 4.3 ± 0.4 4.9 ± 0.3 4.9 ± 0.3 4.1 ± 0.4 4.0 ± 0.4 4.4 ± 0.3 4.5 ± 0.2
−0.1 to 0.2 −0.2 to 0.3 −0.2 to 0.2 −0.2 to 0.5 −0.5 to 0.3

TDC = total distance covered; RDC = relative distance covered; WJD = walking/jogging distance (0.0 to 3.0 m/s);
RSD = running-speed distance (3.0 to 4.0 m/s); HSRD = high-speed running distance (4.0 to 5.5 m/s); VHSRD
= very high-speed running distance (5.5 to 7.0 m/s); SpD = sprint distance (>7.0 m/s); LI Acc. = low-intensity
accelerations (0.0 to 2.0 m/s2); MI Acc. = moderate-intensity accelerations (2.0 to 4.0 m/s2); HI Acc. = high-
intensity accelerations (>4.0 m/s2); LI Dec. = low-intensity decelerations (0.0 to −2.0 m/s2); MI Dec. = moderate-
intensity decelerations (−2.0 to −4.0 m/s2); HI Dec. = high-intensity decelerations (>−4.0 m/s2); PL = player
load; AU = arbitrary units; m = meters; min = minutes; CI 95% = 95% confidence interval; * p < 0.05. Effect size:
≤0.2, trivial; >0.2, small; >0.6, moderate; >1.2, large; >2.0, very large; and >4.0, nearly perfect.

Table 4. External match load—comparison between the championship phases (first phase/second
phase), mean ± SD, CI 95%, and ES.

Central Defender Full-Back Central Midfielder Wide Midfielder Forward
First Phase Second Phase First Phase Second Phase First Phase Second Phase First Phase Second Phase First Phase Second Phase

TDC (m) 9603 ± 550 9201 ± 461 10,052 ± 650 10,260 ± 797 11,067 ± 728 10,951 ± 724 10,090 ± 1102 9887 ± 889 11,266 ± 926 10,752 ± 832
52.3 to 753.7/*/moderate −690.1 to 273.3 −332.8 to 565.7 −596.0 to 1001.0 −848.6 to 1875.8

RDC (m/min) 98.2 ± 5.0 94.0 ± 4.5 103.1 ± 6.9 105.1 ± 7.7 113.3 ± 7.7 111.8 ± 7.3 102.8 ± 10.9 100.6 ± 8.4 112.7 ± 9.9 110.2 ± 9.8
0.8 to 7.5/*/moderate −7.0 to 2.8 −3.1 to 6.2 −5.6 to 10.0 −13.0 to 18.2

WSJ (m) 6439 ± 367 6216 ± 357 5777 ± 370 5703 ± 388 5958 ± 521 6167 ± 242 5833 ± 210 5970 ± 212 6008 ± 206 3087 ± 2833
−32.3 to 477.8 −183.1 to 330.5 −475.9 to 56.9 −302.7 to 28.5 −987.3 to 6829.1

RSD (m) 1772 ± 236 1636 ± 182 1911 ± 269 2028 ± 283 2463 ± 469 2462 ± 400 1988 ± 506 1679 ± 449 2251 ± 628 5441 ± 2700
−16.3 to 288.0 −304.2 to 70.1 −273.6 to 273.9 −69.6 to 687.8 −6944.3 to 564.1

HSRD (m) 1081 ± 158 998 ± 141 1507 ± 406 1626 ± 429 1901 ± 334 1732 ± 321 1551 ± 405 1433 ± 434 1918 ± 312 1312 ± 668
−23.4 to 188.8 −401.7 to 163.5 −34.5 to 372.6 −209.2 to 446.3 −347.5 to 1558.7

VHSRD (m) 256 ± 71.2 285 ± 79.0 622 ± 171 660 ± 219 531 ± 166 491 ± 168 559 ± 144 605 ± 116 837 ± 81.8 593 ± 120
−81.2 to 23.2 −167.7 to 90.8 −63.1 to 143.3 −150.0 to 58.5 82.1 to 405.8/*/large

SpD (m) 55.9 ± 43.8 65.2 ± 39.6 237 ± 94.5 244 ± 148 97.1 ± 79.1 98.0 ± 95.4 182 ± 47.0 201 ± 64.1 252 ± 31.9 319 ± 110
−38.9 to 20.3 −87.1 to 72.1 −54.2 to 52.4 −62.4 to 23.8 −220.3 to 86.9

LI Acc. (n) 215 ± 25 203 ± 18 197 ± 21 207 ± 25 245 ± 42 242 ± 41 180 ± 42 155 ± 31 204 ± 36 206 ± 30
−4 to 28 −25 to 6 −22 to 28 −5 to 55 −53 to 38

MI Acc. (n) 187 ± 21 167 ± 21 231 ± 32 230 ± 49 251 ± 38 233 ± 36 223 ± 46 199 ± 37 268 ± 36 223 ± 33
6 to 35/*/moderate −25 to 28 −5 to 41 −10 to 57 −10 to 99

HI Acc. (n) 17 ± 7 16 ± 4 32 ± 7 33 ± 8 30 ± 9 28 ± 9 38 ± 8 31 ± 7 41 ± 8 35 ± 6
−3 to 5 −6 to 4 −4 to 7 1 to 13/*/moderate −4 to 16

LI Dec. (n) 234 ± 44 214 ± 29 213 ± 22 216 ± 31 230 ± 39 225 ± 22 201 ± 47 181 ± 34 218 ± 58 219 ± 35
−8 to 47 −20 to 15 −15 to 26 −13 to 52 −68 to 65

MI Dec. (n) 150 ± 17 143 ± 18 182 ± 38 191 ± 39 224 ± 30 211 ± 28 189 ± 31 156 ± 26 222 ± 19 197 ± 20
−6 to 19 −35 to 17 −5 to 30 10 to 55/*/moderate −6 to 56

HI Dec. (n) 21 ± 8 22 ± 6 39 ± 9 40 ± 7 44 ± 13 43 ± 10 42 ± 10 40 ± 12 47 ± 9 49 ± 7
−6 to 4 −6 to 5 −6 to 9 −7 to 10 −14 to 10

PL (AU) 385 ± 22.9 372 ± 19.6 416 ± 31.0 427 ± 40.5 478 ± 34.9 475 ± 25.8 405 ± 44.4 393 ± 40.9 441 ± 32.6 433 ± 19.5
−2.2 to 28.3 −34.2 to 12.2 −16.8 to 22.3 −22.4 to 43.0 −28.4 to 46.2

PL (AU/min) 3.9 ± 0.2 3.8 ± 0.2 4.3 ± 0.3 4.4 ± 0.4 4.9 ± 0.4 4.8 ± 0.3 4.1 ± 0.4 4.0 ± 0.4 4.4 ± 0.4 4.4 ± 0.2
−0.1 to 0.3 −0.3 to 0.1 −0.2 to 0.3 −0.2 to 0.5 −0.5 to 0.4

TDC = total distance covered; RDC = relative distance covered; WJD = walking/jogging distance (0.0 to
3.0 m/s); RSD = running-speed distance (3.0 to 4.0 m/s); HSRD = high-speed running distance (4.0 to 5.5 m/s);
VHSRD = very high-speed running distance (5.5 to 7.0 m/s); SpD = sprint distance (>7.0 m/s); LI Acc. = low
-intensity accelerations (0.0 to 2.0 m/s2); MI Acc. = moderate-intensity accelerations (2.0 to 4.0 m/s2); HI
Acc. = high-intensity accelerations (>4.0 m/s2); LI Dec. = low-intensity decelerations (0.0 to −2.0 m/s2); MI
Dec. = moderate-intensity decelerations (−2.0 to −4.0 m/s2); HI Dec. = high-intensity decelerations (>−4.0 m/s2);
PL = player load; AU = arbitrary units; m = meters; min = minutes; CI 95% = 95% confidence interval; * p < 0.05.
Effect size: ≤0.2, trivial; >0.2, small; >0.6, moderate; >1.2, large; >2.0, very large; and >4.0, nearly perfect.
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4. Discussion

The four aims of the present study were as follows: (a) to describe the external match
load at the amateur level, (b) to analyze the differences in the external match load between
playing positions, (c) to verify whether the home/away contextual factor influences the
external match load, and (d) to determine whether there are differences in match load
between the first and the second phases of the championship. While the first aim was
merely descriptive (shown in Table 1), another analysis allowed noting relevant findings.
The second purpose of the study showed significant differences between playing positions
in several load measures. Finally, the third and the fourth purposes of the study found a
tendency towards higher values in home matches than in away matches and in the first
phase of the championship in comparison with the second phase, respectively, although
mostly insignificant.

In the external load measures that are possible to compare, the results presented some
peculiarities in comparison with other recent studies in professional/elite teams [9,14,21,25,34–41].
Based on the comparison of our results with those studies, greater differences were observed
in the distance covered in higher-speed zones (developed in the following paragraphs). If
the TDC seems identical, this could demonstrate that at higher competitive levels, one of
the differences is in the physical requirement involved in a match. Therefore, examining
the high-intensity activity provides a valid insight into physical performance and its strong
relationship with the training status [42,43].

4.1. External Match Load—Description and Comparisons between Playing Positions

In relation to playing positions, the results showed that the central midfielders were
the players who would cover the longest distance during a match, which is in line with
recent literature findings [9,31,36,41,43–45], followed by the forwards, the full-backs, and
the wide midfielders. As in other studies [34,38,41], the forwards were the ones who had
the longest SpD, followed by the full-backs and the wide midfielders. Other features have
been presented in other studies [36,46]. For example, Ingebrigtsen et al. [47] registered that
players in lateral playing positions sprint the longest distances and more often compared
to centrally playing players, while Paraskevas et al. [48] report that full-backs cover more
SpD and VHSRD compared to all the other positions.

Regarding accelerations and decelerations, our data indicate that the central mid-
fielders were those that presented with the greatest quantity, mainly of low and moderate
intensity. The forwards were the ones that presented with higher values in HI Acc. and HI
Dec. Similar results were found by Modric et al. [44] who reported that central midfielders
were the players who performed more accelerations and decelerations (in a greater quantity
in tactical formations with three defensive players in comparison with tactical formations
with four such players), but the most intense accelerations and decelerations were carried
out by forwards and full-backs. In contrast, Ingebrigtsen et al. [47] found that players in
lateral positions accelerated more than those in central positions.

In recent studies [13,45], central midfielders were the players who showed the highest
PL, followed by forwards, full-backs, wide midfielders, and central defenders. It has also
been observed that the position of a central defender is the one that presents an external
match load profile with more significant differences compared to the other playing positions.
Modric [36] asserted that this is understandable knowing that their technical roles (e.g.,
aerial duels, tackles, positioning, and interception of the balls passed to the attackers) are
generally more focused on reactions or accelerations and high-speed running. On the other
hand, full-backs and wide midfielders are the playing positions that have more similarities
(full-backs and forwards also have an identical profile). Wide midfielders and forwards
showed a similar profile in terms of accelerations, decelerations, and PL.

Based on the results obtained and comparing them with other studies [9,36,41,44,45,47],
it is possible to determine that the differences between the competitive levels (amateur,
semi-professional, and professional) are more visible in the most demanding external
load measures (e.g., SpD), as well as in the existence of variability in the external load
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profiles presented by the different playing positions. Through this perspective, coaches and
technical staff must continually evaluate their own methodologies, strategies, game styles,
player characteristics, among other factors [43], because although there are references of
the external load for the team (depending on the competitive level) and the players (de-
pending on the position occupied), the search for the best possible performance implies the
customization and individualization of the approaches to be developed with the athletes.
Thus, it is essential that coaches know the requirements of their own way of playing [8]
and, with this, plan and organize the external load to be applied during the microcycle,
because the one-size-fits-all approach could provide tactically constrained physical data for
selected positions that are challenging to interpret given the lack of contextualization [42].
At the same time, the identification of differences and similarities in the external load
profiles between the different positions will allow the conception and selection of training
exercises in which each group of players will participate. This statement is corroborated
by Modric [36], who affirmed that training prescriptions in soccer should be based on the
established requirements specific to the playing positions, thereby ensuring that players are
more able to fulfill their game duties and tactical responsibilities throughout the competi-
tion. Therefore, all training exercises must be characterized knowing the physical demands
of each exercise as well as the external load applied on each playing position [31,49]. Com-
plementary analytical training exercises (no ball) can also be developed to ensure that
everyone achieves the desired external load, which was also supported by Modric [48],
who suggested that when using small-side games which do not require running at high
speeds, coaches should include specific running drills that entail high-intensity running
(e.g., high-speed running and sprinting) in the training sessions.

4.2. External Match Load—Home vs. Away Matches

In the present study, there was a clear trend towards higher values in the TDC, RDC,
distance covered by speed zone, and PL for home matches; however, only the TDC for
the central defenders was significant, with a moderate effect size. While Castellano [50],
Lago [51], and Gonçalves [52] also found that the external load was higher when playing
at home, Gonçalves [17] verified that the match load was not influenced by the match
location. In the meantime, Teixeira [43] suggested that the quality of opposition and match
outcome have a greater influence than match location. Paraskevas et al. [48] reported that
a greater TDC was covered during home matches against weak opponents compared to
home matches against strong opponents and the opposite during away matches.

The same tendency is observed with regard to accelerations, decelerations (only
HI Dec. was significant for the forwards). Otherwise, although not significantly, the
central midfielders had smaller numbers of accelerations and decelerations at low and
moderate intensity in home matches. Aquino [21] and Lago-Peñas [22] found that home
matches place greater physical demands on players, owing to the combined effects of crowd,
travel, familiarity, referee bias, territoriality, specific tactics, and psychological factors [22].
Contrary to that, Reche-Soto [13] described that the external load was higher when the
team was playing away, but clarified that the effect of the match location was not clear.
Chena [53] advised that this finding could be more related to the emotional variables than
to the requirement of training sessions during that week. In other scope and in line with
our results, Gonçalves [17] found that external loads were not influenced by match location
and asserted that each competition may present its own idiosyncrasies, which is the reason
why data generalization should be performed with caution.

The trend towards higher external load values in home matches can be explained by
the offensive and defensive strategies adopted by both teams [43,48,52,54] as well as the
size of the field. The analyzed team played at a stadium with natural grass and large di-
mensions (meets the requirements for international competitions) in home matches, which
is different from the experience of most amateur clubs in Portugal (artificial grass and
medium dimensions, some of which do not meet the requirements for national competi-
tions). According to Almeida et al. [54], the defensive strategies used by better teams imply
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more intense and organized collective processes in order to recover the ball directly from
the opposing team. Gonçalves et al. [52] reported that the counterattacking/transitional
styles may result in greater high-intensity activities while the possession style may increase
the distance covered in lower-speed zones. While, on the one hand, home matches increase
the playing area available for opposing counterattacks (they demand a greater radius of
action from central defenders), on the other hand, away matches reduce the area available
for demarcations and moves by forwards.

Despite the well-proven knowledge that the size of the playing areas influences the
load imposed on the players in small-side games [55–57], in amateur soccer, there is a
diversity of fields (type of grass and dimensions) that can impact the physical demands of
the game itself.

In our opinion, despite the match location presents an unclear effect on the external
load, this contextual variable should be a subject of attention from coaches [17,43]. Existing
changes, even if only in some specific metrics and for specific playing positions, may
require reflection about and consideration of the need to adjust the planning, meeting
the competition’s requests for each playing position (individual approach) [42,47]. Our
results should not be used to generalize the dynamics of the external load in home/away
matches—once again, we suggest that a continuous assessment be made of the team itself
and that the approaches be centered on the analysis of the data themselves.

4.3. External Match Load—First vs. Second Championship Phase

The data suggest that there was a clear trend towards higher values in the TDC, RDC,
accelerations, decelerations, and PL in matches of the first championship phase. However
only the TDC and RDC for the central defenders were significant, with a moderate effect
size, as well as MI Acc. for the central defenders with a moderate effect and for the wide
midfielders in HI Acc. and MI Dec., also with a moderate effect. Curiously, in relation to the
distance covered by speed zone, an inverse trend was observed. Lower values of VHSRD
and SpD in the matches of the first phase of the championship (however, the forwards had
a significantly higher VHSRD, with a large effect), which is contrary to Ingebrigtsen [47]
results, who observed a shift towards more walking and fewer high-intensity locomotor
activities during a match towards the end compared to the start of the season. Although
not significant, the trend towards higher values of SpD and VHSRD in the second phase
of the championship also contradicts the results by Springham [38] who claimed that
the most notable decreases in performance were observed in sprint performance indices
for which the greatest reductions were observed in full-backs, central midfielders, and
wide midfielders. Additionally, Teixeira [43] suggested that contextual factors (quality of
opposition and match outcome) and their changes seem to differ between playing positions.

In our study, the analysis of the championship phase required a careful reflection
because of a simultaneous association between different opponents’ levels (in the second
phase the teams had a similar level, with no weak teams) and periods of the competitive
season. If, on the one hand, the confrontation with opponents of a higher qualitative level
could cause a greater physical demand [48,52], on the other hand, the course of the com-
petitive period itself leads to the loss of physical availability. According to Springham [38]
results, all the physical performance indices decreased across the season; decreases in match
physical performance indices in all the positions were observed. This author claimed that
the cross-season decreases in match physical performance observed might be explained
by longitudinal fatigue. Additionally, the absence of quality of opposition as a predictor
variable for match physical performance is somewhat surprising as players are reported
to complete more high-intensity activity and high-speed running when playing against
high-quality opposition as opposed to low-quality opposition [20]. Conversely, Aquino [21]
found that matches against weak opposition place greater physical demands on players.

In our opinion, the general and significant decreases observed may be associated si-
multaneously with the period of the season, as well as the type of opposition faced in the
first and the second phases of the championship. Firstly, at the level (amateur) where the
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existing resources to help with physical recovery are scarce, the accumulation of trainings and
matches throughout the competitive season can cause a decrease in physical freshness of the
players. Finally, the offensive and defensive constraints posed by the opponents can assume
co-responsibility for these results (mainly on the trend towards increasing SpD values) because
a confrontation with opponents of greater value implies more moments of defensive and
offensive transitions, moments of the game that demand fast and intense displacements on
the part of all the players [52]. More specifically, while in the first phase the team dominated
the games, continuously installing itself in the offensive midfield, in the second phase, this
domain was not so evident, and the game assumed a more balanced nature.

4.4. Limitations

The main limitation of this study is the fact that only one team was observed, which
is a very common obstacle in studies with soccer players [8,58]. In addition, the small
sample size and the existence of other contextual factors such as the match result or the
quality of opponents were not considered in the analysis and could provide better insights.
Secondly, we only included the players who participated in full matches, which excludes
the contribution of the other players who entered during in the game. All the matches
played home were on natural grass, and of the 11 matches played away, 10 were on artificial
grass and one—on natural grass. Finally, for us, it is difficult to associate the trend towards
the increase in the external load in home matches only with the location when there are
other variables that change with the match location.

5. Conclusions

These findings are novel and provide relevant information about the external match
load in amateur soccer that can promote the reflection of coaches about the periodization
and organization of training sessions at this competitive level:

• Match location and championship phase are not major contributing factors influencing
the external load. Although there are several considerations regarding the influence of
contextual variables on the match load, these should not be generalized and require
their own evaluation and adoption of strategies based on them.

• The position occupied by players prevails as the most important factor in determining
the load imposed by the competition, which is the reason why coaches must evaluate
and characterize their game model in order to determine the physical demand imposed
on the team and each player. Through the analysis of collective and individual match
loads, it is possible to customize and individualize methodological approaches with
regard to the management and regulation of the external training load.
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Abstract: Background: The excessive and rapid increases in training load (TL) may be responsible for
most non-contact injuries in soccer. This study’s aims were to describe, week(w)-by-week, the acute
(AW), chronic (CW), acute:chronic workload ratio (wACWR), total distance (wTD), duration training
(wDT), sprint total distance (wSTD), repeat sprint (wRS), and maximum speed (wMS) between starter
and non-starter professional soccer players based on different periods (i.e., pre-, early-, mid-, and
end-season) of a full-season (Persian Gulf Pro League, 2019–2020). Methods: Nineteen players were
divided according to their starting status: starters (n = 10) or non-starters (n = 9). External workload
was monitored for 43 weeks: pre- from w1–w4; early- from w5–w17; mid- from w18–w30, and
end-season from w31–w43. Results: In starters, AW, CW, and wACWR were greater than non-starters
(p < 0.05) throughout the periods of early- (CW, p ≤ 0.0001), mid- (AW, p = 0.008; CW, p ≤ 0.0001;
wACWR, p = 0.043), or end-season (AW, p = 0.035; CW, p = 0.017; wACWR, p = 0.010). Starters had a
greater wTD (p ≤ 0.0001), wSTD (p ≤ 0.0001 to 0.003), wDT (p ≤ 0.0001 to 0.023), wRS (p ≤ 0.0001
to 0.018), and wMS (p ≤ 0.0001) than non-starters during early-, mid-, and end-season. Conclusion:
Starters experienced more CW and AW during the season than non-starters, which underlines the
need to design tailored training programs accounting for the differences between playing status.

Keywords: external training load; technology; soccer; performance; wearable inertial measurement units

1. Introduction

Soccer is a sport with unstructured movement patterns, in which high-intensity
performance-related energy systems are significantly involved [1]. During a competi-
tive game, the total distances and sprints performed by professional soccer players are
higher when compared to semi-professional soccer players. This reflects the different
physical demands between soccer categories [2]. It is very important for coaches to pay
attention to individual differences, such as physical fitness factors, workload responses,
training intensity types, playing position, etc. [3,4], in order to improve the quality of teams’
activities and to reduce injuries [5]. Hence, the non-functional overreaching syndrome
(NFOR) that could reduce team and player performance and increase club costs justifies
the recent attention of researchers to avoid injuries [6–9]. Birrer reported (2013) that the
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NFOR/OTS career prevalence rate of Swiss elite athletes can be estimated at approximately
30%. In reviews of adult studies, using self-report questionnaires, prevalence rates for
OTS/NFOR have been reported between 10–60%, with a predominance reported between
25–30% [10,11].

Soccer as a sport also requires variety of ballistic concentric and eccentric muscle con-
tractions to perform a variety of movements, such as acceleration, deceleration and change
of direction, tackling, jumping, and shooting, which increases the need for physiological
and metabolic stress to support these movements. Soccer players accumulate fatigue from
training and weekly matches during a competitive season, and when training/competition
volume increases with inadequate recovery, players may enter NFOR mode, which is
characterized by decreased performance [11]. Dietary and ergogenic studies have been
reported as an intervention in athletes’ programs to achieve faster adaptation and manage
exercise-induced fatigue. Sports coaches and researchers have the opportunity to reduce
the risk of injury in athletes by manipulating some of these risk factors [8]. Training load
(TL) is one modifiable risk factor that has recently received a lot of research attention. TL
includes training intensity and duration, and research has shown that a higher TL increases
the level of workload parameters, such as the acute:chronic workload ratio (ACWR), which
leads to more non-contact injury occurrences and greater injury severity [12–15]. Some
evidence has reported that many non-contact injuries occur when an athlete has a large
amount of TL, in which case, any training or competition has the potential for athletic
injury, indicating that an unfit workload can increase injury risk [16–19].

Lu et al. reported that professional soccer players had more total and relative expo-
sure in the three weeks prior to injury [20]. However, an another perspective contends
that TLs that underprepared players for the demands of match play could put them at
risk of injury, and impede results [21]. Therefore, optimal training stimulus is crucial to
maximize efficiency by using an acceptable TL while also limiting the detrimental effects
of undertraining and overtraining [22]. TL can be considered as an internal or external
load. The objectively assessed work performed by the athlete during training and/or
competition, irrespective of internal workloads, is referred to as external TL [23]. Today,
with the advancement of science, up-to-date and various tools are available to increase
the efficiency of teams. Among these tools, we can see the reason for training monitoring.
Devices such as GPS provide extensive information, such as acceleration and deceleration
of speed, total distance in training, maximum heart rate, maximum velocity, etc., to coaches
and team analysts [19]. Speed, acceleration, and distance covered are some of the most
common external TL assessments. Internal TL represents an individual athlete’s response
to training, and can be quantified by the intensity and duration of the physiological stress
imposed on the athlete. Despite the advantages of both internal and external TL, it has been
proposed that combining the two approaches could be the most efficient way to control
TL [13]. Using this information, coaches can monitor player progress in training sessions,
assess perceived training pressure levels on players, fatigue, and recovery, and use this
information to design training sessions for future sessions. They can also use this infor-
mation to identify the best players in each position who have the best physical condition
during training, and place them in the starting line-up. The acute:chronic workload ratio
(ACWR), a relative measure derived from Hulin et al., is a significant recent advancement
in exploring TL [24]. Hulin et al. suggested the ACWR, which separates an athlete’s recent
TL (i.e., acute workload: AW) by their TL over a long period of time (i.e., chronic workload:
CW). This metric is suggested as a tool to help practitioners control TL within clear lim-
its. The original idea was to hold ACWR within an arbitrary “optimal range” of 0.8–1.5
by preventing abrupt changes in TL. Understanding the workload–injury relationship is
crucial to improve player availability and results. There is a contradiction of investigation
on the association between workload and damage in professional soccer. The International
Olympic Committee (2016) published a consensus statement that suggests that the use of
the ACWR approach is effective in preventing non-contact injuries [25]. Nobari et al. have
been reported that sprint variables (i.e., total distance, repeat sprint, or sprint total distance)
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may be related to the odds ratio of non-contact injuries in professional soccer players [14].
However, Impellizzeri et al. [26] concluded that there is no evidence that ACWR is used to
manage TL and reduce the risk of injury. On the other hand, other researchers believe that
excessive and rapid increases in TL may be responsible for most non-contact injuries [19,27].
Therefore, despite its increasing popularity as a load monitoring system, the ACWR and
the injury risks associated with it need to be investigated further. Thus, the aims of this
analysis were to: describe, week(w)-by-week, the AW, CW, and wACWR between starter
and non-starter professional soccer players using the body load (BL); analyze differences
in the AW, CW, and wACWR on a weekly basis between starter and non-starter profes-
sional soccer players based on different periods of the full-season (pre-, early-, mid-, and
end-season); and analyze weekly total distance (wTD), weekly duration training (wDT),
sprint total distance (wSTD), and repeat sprint (wRS) by season periods between starter
versus non-starter professional soccer players. We hypothesized that starters would record
greater workload and sprint variables during all periods of a soccer season compared to
non-starters.

2. Materials and Methods
2.1. Study Design

This study included a full season of a professional football team for 43 weeks in the
Persian Gulf Premier League and knockout tournament during the 2019–2020 season. The
43 weeks of the full season were divided into 4 periods: pre-season (W1 to W4), early-
season (W5 to W17), mid-season (W18 to W30), and end-season (W31 to W43). The three
periods of the in-season have been considered as exactly the same number of weeks [28].
Forty-eight matches and 229 training sessions were held during the full season, which
includes 11 congested weeks (i.e., two matches within 7 days) and 26 non-congested weeks
(i.e., one match within 7 days). These periods were used to analyze the differences between
starters and non-starters for AW, CW, wACWR, wTD, wSTD, wRS, wDT, and weekly
maximum speed (wMS). Nineteen players were divided into two groups according to their
starting status: starters (n = 10) and non-starters (n = 9). This criterion, based on a previous
study, defined starter and non-starter players according to the time of participation in
matches and training week-by-week [29]. Moreover, due to the outbreak of the COVID-19
pandemic, the team’s training between the 34th and 35th weeks was closed for four months
from 28 February 2020 to 28 June 2020, and we have not considered this course due to
the closure of training. On the other hand, due to the club’s decisions to maintain the
level of physical fitness of the players during the lockdown from the COVID-19 pandemic,
a training program video was provided for each player, and daily reports of training
performance were sent by the players.

2.2. Participants

The present study, as a longitudinal descriptive study, was conducted throughout
2019–2020 in the Iranian Premier League. Nineteen professional soccer players of one
club (28 ± 4.6 years; 181.6 ± 5.8 cm, 74.5 ± 5.6 kg) took part in the study during the full
season, which was 43 weeks long. This research has been done by the club’s training
coaches after coordination with the club managers and the head coach. The selection of
players to participate in this study includes: continuous participation in competitions and
training sessions during the season (when a player did not play in the weekly competition,
they performed an alternative training session such as high-intensity interval training or a
small side game); players could not be cross-trained during the study period; and players
were not injured for more than two weeks. Based on previous studies [30,31], goalkeepers
were not included in the report because of physiological variations in preparation and
competition. The players participating in this study were divided into two groups, starter
and non-starter. Starter and non-starter players were defined on a weekly basis. If a player
suffered an injury and was unable to play and train weekly, he would be removed from the
starting line-up in the same week. Before starting the study, players were introduced to the
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objectives of the study, and the consent forms were signed. The project was approved with
the ethical code IR.ARUMS.REC.1399.546 by the Ardabil University of Medical Sciences,
and is in compliance with the Declaration of Helsinki for human subjects [32].

2.3. External Training Load
2.3.1. GPS

Players’ daily physical activity was monitored using a GPS (GPS SPORTS systems Pty
Ltd., Model: SPI High-Performance Unit (HPU), made in Canberra, Australia). This GPS
model’s features include the following: 15 Hz position GPS, distance, and speed measure-
ment; accelerometer: 100 Hz, 16 G Tri-Axial-Track impacts, accelerations, and decelerations,
as well as data source body load (BL); Mag: 50 Hz, Tri-Axial; dimensions: smallest device
on the market (74 mm × 42 mm × 16 mm); robustness; SPI high-performance unit based
on Mining/Industrial Strength Electronics design; water resistance; and data transmission:
infra-red and weighs 56 g [33]. Previous studies have shown that GPS can provide valid
and reliable estimates of instantaneous and constant velocity movements during linear,
multidirectional, and soccer-specific activities [24].

2.3.2. Data Collection by GPS

The GPS information was used to measure external TL speed activities in all training
and competition sessions. For every training session, all players used the same GPS to
avoid mid-season takes between units. To allow access to satellite signals, and synchronize
the GPS clock with the satellite atomic clock, all the devices were triggered 30 min before
data collection. The information was downloaded to a computer after the recording,
and analyzed using the software kit (GPS software, SPI High-Performance Unit (HPU),
Canberra, Australia). GPS data were intended for the main team session (i.e., the beginning
of the warm-up to the end of the last organized drill). In this study, baseline regions of SPI
IQ absolute values were defined, and then, variables were assessed for each of the four
time periods. 1. TD, 2. BL, 3 RS, 4.MS, 5. STD, and 6. BL reflects the quantity and intensity
of acceleration events calculated from the accelerometer data. BL also acts as an integrated
load variable used as an alternative TL marker (BL) for the original GPSports BL variable,
and as a task speed marker (BL/min) as a TL criterion.

2.3.3. Calculate Training Load

BL is calculated from accelerometer data from GPSports devices taken from 3-axis
accelerometers (planes X, Y, Z), and reflects both the amount and intensity of acceleration
performed by the player. The following steps were performed in the BL calculation for each
acceleration level: Initialize the BL counter to 0; Calculate the magnitude of the acceleration
vector (V) of the current acceleration (V = ax2 + ay2 + az2); Normalize the magnitude vector
(NV) by subtracting the country’s 1 G (NV = V 1.0 G). The unscaled BL (USBL) was then
calculated using the formula USBLC = NV + (NV3) [19]. Next, the accelerometer recording
speed (100 Hz) and load factor (EF) (SBLC = USBLC/100/EF) were used to calculate the
scaled BL (SBLC) [34]. Finally, the final BL (BL = BL + SBLC) was determined. BL was
replacing the original GPS port. Regular TL data were analyzed to report weekly load
adjustments during the match season (AW, CW, and ACWR). The CW represents the rolling
exponential of average accumulated training load of training session experience in the
previous three weeks [35]. The AW represents the total of the training load experienced
in the previous seven days [36,37]. ACWR represents the used uncoupled formula [38],
which is defined in the equation below. All variables were calculated in each week of the
experimental period, which is defined in the equation below [39].

Uncoupled ACWR4 =
AW4

0.333 × (AW1 + AW2 + AW3)
(1)
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ACWR was not computed for the pre-season period, and CW started from the third
week according to the above formula. However, cumulative loads were used to calculate
the ratio of CW and ACWR during the first few weeks of the season.

2.4. Statistical Analysis

Statistical analysis data were analyzed using IBM SPSS Statistics for Windows, Version
22.0 (IBM Corp., Armonk, NY, USA) statistical software package. The Shapiro–Wilk and
Leven’s tests were used separately to evaluate the normality and homogeneity of vari-
ances to analyze data. The results were reported as mean ± standard deviation, with a
95% confidence interval (CI). Changes between the four in-season periods were assessed
using a repeated-measures analysis of variance (ANOVA), followed by a Bonferroni with
adjustment post-hoc test for pairwise comparisons. Partial eta-square (η2p) was calculated
as the effect size of the repeated-measures ANOVA, and if the variable was not statisti-
cally normal, the Kruskal–Wallis H test was used to analyze the intergroup differences.
Moreover, the effect size of Hedge’s g (95% CI) was reported. The Hopkins threshold was
used to calculate the effect size [40] as follows: <0.2 = trivial, 0.2 to 0.6 = small, >0.6 to
1.2 = medium, >1.2 to 2.0 = large, >2.0 to 4.0 = very large, and >4.0, almost perfect. The
significance level was considered at p ≤ 0.05.

3. Results

Figure 1 shows the changes in the AW variations over a full season with different
periods (pre-, early-, mid-, and end-season) for starters and non-starters. The highest load
in these variables was in w 35 (1303.9) arbitrary units (A.U. for starters). Besides, the highest
values for non-starters in AW were in w 34 (1379.3 A.U.), whereas the lowest load was
observed in w 29 (28.0 A.U.).

Figure 2 shows changes in the CW variations during the full season based on periods
(pre-, early-, mid-, and end-season) and between weekly coefficient of variation (%CV) for
this variable based on groups (starters and non-starters). The highest load in these variables
was in w 38 (1073.7 A.U.); while the lowest load was observed in w 24 (509.0 A.U.) for
starters. Besides, the highest values for non-starter CW were in w 5 (968.4 A.U.), whereas
the lowest load was observed in w 29 (160.0 A.U.).

Figure 3 shows an overall vision of ACWR variations across the full season and
its different periods (pre-season, early-season, mid-season, and end-season) for starter
and non-starter players. Overall, the highest ACWR occurred in w 35 (2.3 A.U.) and
w 21 (4.8 A.U.) for starters and non-starters, respectively; however, the lowest ACWR was
found in w 11 and 33 (0.6 A.U.) for starters and w 30 (0.1 A.U.) for non-starters, respectively
(Figure 3B).

The results of the repeated-measures ANOVA revealed differences between season
periods in AW starters (p < 0.001, η2p = 0.886), AW non-starters (p < 0.001, η2p = 0.944), CW
starters (p < 0.004, η2p = 0.833) CW non-starters (p < 0.001, η2p = 0.957), ACWR starters
(p < 0.003, η2p = 0.771), and ACWR non-starters (p < 0.04, η2p = 0.582). Theresults revealed
significant greater weekly AW and CW and ACWR of starters compared to non-starters
during the mid-season season (AW: p = 0.008, g = 2.36; CW: p ≤ 0.0001; g = 2.17; wACWR:
p = 0.043, g = −0.95) and end-season (AW: p = 0.035, g = 0.91; CW: p = 0.017; g = 1.0; wACWR:
p = 0.010, g = −0.92). Moreover, there was a significant difference in CW (p ≤ 0.0001,
g = 2.18) between starters and non-starters in the early season. However, non-significant
differences between groups were found for AW and CW during the pre-season, but not for
AW and wACWR during the early season (Table 1).
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Figure 1. (A) Descriptive variations across AW (weekly acute workload) during the full season based
on periods and (B) between weekly coefficient of variation (%CV) for this variable based on groups.
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Figure 2. (A) Descriptive variations across CW (weekly chronic workload) during the full season based
on periods and (B) between weekly coefficient of variation (%CV) for this variable based on groups.
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Figure 3. (A) Descriptive variations across wACWR (weekly acute/chronic workload) during the
full season based on periods and (B) between weekly coefficient of variation (%CV) for this variable
based on groups.
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Table 1. Differences between starters and non-starters for AW, CW, and wACWR related to body
load in the different periods of the season.

Variables Season
Period

Group % Difference
(Non-Starters vs.

Starters)
p

Hedges’s g (95% CI)
(Non-Starters vs.

Starters)
Inference

Starters Non-Starters

AW
(A.U.)

Pre-Season 880.9
(129.8) 856.0 (183.6) 2.4 (−12.7 to 7.7) 0.307 0.1 (−0.7 to 1.0) small

Early-Season 680.6
(151.9) 411.4 (56.1) 2.6 (1.5 to 3.8) 0.227 2.1 (1.0 to 3.3) very large

Mid-Season 649.8
(190.9) 288.5 (66.2) 3.6 (2.2 to 5.0) 0.008 * 2.3 (1.1 to 3.5) very large

End-Season 732.5
(258.6) 531.1 (137.9) 4.0 (−275.5 to 20.1) 0.035 * 0.9 (−0.0 to 1.8) moderate

to large

CW
(A.U.)

Pre-Season 916.4
(132.6) 893.5 (182.8) 2.2 (−1.3 to 1.7) 0.756 0.1 (−0.7 to 1.0) small

Early-Season 696.8
(155.6) 425.4 (51.8) 2.7 (1.5 to 3.8) <0.001 * 2.1 (1.0 to 3.3) very large

Mid-Season 637.3
(194.2) 301.3 (60.4) 3.3 (1.9 to 4.7) <0.001 * 2.1 (1.0 to 3.3) very large

End-Season 752.7
(250.5) 526.3 (148.6) 2.2 (2.3 to 4.2) 0.017 * 1.0 (0.0 to 1.9) large to

very large

wACWR
(A.U.)

Early-Season 1.0 (0.0) 1.0 (0.1) −0.5 (−12 to 13) 0.133 0.0 (−0.9 to 0.9) trivial

Mid-Season 1.1 (0.2) 1.6 (0.7) −5.0 (−9.8 to −1.4) 0.043 * −0.9 (−1.9 to −0.0) trivial

End-Season 1.10 (0.16) 1.4 (0.38) −3.0 (−6.0 to 0.1) 0.010 * −0.9 (−1.8 to 0.0) trivial

Abbreviations: AU, arbitrary units; AW, weekly acute workload in AU; CW, weekly chronic workload in AU;
wACWR, weekly acute:chronic workload ratio in AU; p, p-value at alpha level 0.05; Hedges’s g (95% CI), Hedges’s
g effect size magnitude with 95% confidence interval. * Significant differences for p ≤ 0.05. Hedge’s g was
interpreted as: <0.2 = trivial, 0.2 to 0.6 = small, >0.6 to 1.2 = medium, >1.2 to 2.0 = large, >2.0 to 4.0 = very large,
and > 4.0, almost perfect.

Results of repeated-measures ANOVA revealed differences between season periods
in starters wTD starters (p < 0.001, η2p = 0.966), wTD non-starters (p < 0.001, η2p = 0.982),
wSTD starters (p < 0.003, η2p = 0.683), wSTD non-starters (p < 0.001, η2p = 0.953), wDT
starters (p < 0.001, η2p = 0.965) and wDT non-starters (p < 0.001, η2p = 0.993), wMS starters
(p < 0.001, η2p = 0.978) and wMS non-starters (p < 0.001, η2p = 0.992), and wRS starters
(p < 0.02, η2p = 0.713) and wRS non-starters (p < 0.03, η2p = 0.749). The between-group
comparisons for derived-GPS variables of distance and sprint in the different periods of
the season are displayed in Table 2. Overall, the results showed that there was a significant
difference between groups starters and non-starters for wTD (average value) (p ≤ 0.0001,
g = 3.49 to 2.01), wSTD (p ≤ 0.0001 to 0.003; g = 2.88 to 1.55), wDT (average value)
(p ≤ 0.0001 to 0.023; g = 3.34 to 1.09), wMS (average value) (p ≤ 0.0001; g = 3.48 to 2.07), and
wRS (p ≤ 0.0001 to 0.018; g = 2.17 to 1.15) in the early-, mid-, and end-season. However,
there were no differences between starters and non-starters for wTD, wSTD, wDT, wMS,
wRS during the pre-season.
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Table 2. Differences between starters and non-starters for derived GPS variables of distance and
sprint in the different periods of the season.

Variables Season
Period

Group %Difference
(Non-Starters vs.

Starters)
p

Hedges’s g (95% CI)
(Non-Starters vs.

Starters)
Inference

Starters Non-Starters

wTD
(m)

Pre-Season 4995.8
(399.9) 4755.8 (356.3) 240 (−1.2 to 6) 0.187 0.60 (−0.31 to 1.52) trivial

Early-Season 4745.9
(498.9) 2974.2 (466.7) 17.7 (1.3 to 2.2) <0.001 * 3.49 (2.06 to 4.92)

very large
to nearly
perfect

Mid-Season 4568.3
(593.2) 2385.7 (559.2) 218.2 (1.6 to 2.7) <0.001 * 3.61 (2.15 to 5.06)

very large
to nearly
perfect

End-Season 4116.3
(668) 2696.7 (679.9) 141.9 (7.6 to 2) <0.001 * 2.01 (0.90 to 3.11) very large

wSTD
(m)

Pre-Season 2541.4
(479.7) 2546.6 (571.3) −520 (−5.1 to 5.0) 0.883 −0.00 (−0.91 to 0.89) trivial

Early-Season 1869.3
(282.8) 1123.7 (199.4) 7.4 (5.0 to 9.8) <0.000 * 2.88 (1.59 to 4.16) very large

Mid-Season 1782.5
(402.8) 854.8 (220.4) 9.2 (6.0 to 1.2) <0.000 * 2.68 (1.44 to 3.92) very large

End-Season 1876.4
(425.9) 1194.7 (413.0) 6.8 (2.7 to 1.0) <0.003 * 1.55 (0.52 to 2.57) large

wDT
(min)

Pre-Season 76.8 (5.8) 76.1 (4) 70 (−4.1 to 5.5) 0.704 0.13 (−0.76 to 1.04) trivial

Early-Season 67.2 (5.4) 48.9 (7.4) 1.8 (1.2 to 2.4) <0.001 * 3.34 (1.94 to 4.73) very large

Mid-Season 59 (7.5) 37.7 (6.7) 2.1 (1.4 to 2.8) <0.001 * 4.25 (2.63 to 5.88) nearly
perfect

End-Season 51.8 (10.3) 39.3 (11.5) 1.2 (1.9 to 2.3) <0.017 * 1.09 (0.127 to 2.058) small to
moderate

wMS
(km·h−1)

Pre-Season 26.3 (2.5) 23.9 (2.3) 240 (0 to 4.7) 0.052 0.91 (−0.03 to 1.85) Moderate
to large

Early-Season 28.5 (2.4) 18.8 (2.4) 97 (7.3 to 12) <0.001 * 3.48 (2.05 to 4.91) very large

Mid-Season 26.1 (3.3) 17.1 (1.7) 90 (6.4 to 11.5) <0.001 * 3.34 (1.954 to 4.74) very large

End-Season 23.9 (3.2) 18.5 (2) 54 (2.7 to 8) <0.001 * 2.07 (0.95 to 3.18) very large

wRS
(number)

Pre-Season 88.3 (23.6) 75.4 (26.1) 1.2 (−1.1 to 3.7) 0.271 0.49 (−0.41 to 1.41) small

Early-Season 62.5 (9.5) 43.2 (7.2) 1.9 (1.1.0 to 2.7) <0.001 * 2.17 (1.03 to 3.30) very large

Mid-Season 59.5 (10.0) 36.5 (8.9) 2.3 (1.3 to 3.2) <0.001 * 2.31 (1.15 to 3.47) very large

End-Season 61.3 (13.3) 44.1 (15.3) 1.7 (0.3 to 3.1) <0.016 * 1.15 (0.17 to 2.12) large

Abbreviations: wTD, weekly total distance in meters; wSTD, weekly sprint total distance in meters; wDT, weekly
duration training in minutes; wMS, the average accumulated of the maximum sprint is calculated and reported
each week in kilometres per hour; wRS, weekly repeat sprint in meters; p, p-value at alpha level 0.05; Hedges’s g
(95% CI), Hedges’s g effect size magnitude with 95% confidence interval. * Significant differences for p ≤ 0.05.
Hedge’s g was interpreted as: <0.2 = trivial, 0.2 to 0.6 = small, >0.6 to 1.2 = medium, >1.2 to 2.0 = large, >2.0 to
4.0 = very large, and > 4.0, almost perfect.

4. Discussion

The goals of this study were to: (i) identify, week-by-week, the AW, CW, and wACWR
between starter and non-starter professionals soccer players using the BL; (ii) examine the
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aforementioned details related to the importance of quantifying the external TL over the
season while attending to the starting status of the players; (iii) compare the gaps in AW,
CW, and wACWR in BL, as well as the weekly average of distance and sprint variables,
between starters and non-starters over the four season periods (pre-, early-, mid-, and
end-season). On the other hand, in the present study, with the closure of the Persian Gulf
League due to the COVID-19 epidemic, matches and group training were closed during
this period, and training continued individually at home. Therefore, this time period was
excluded from the present study.

The results of the BL analysis showed that both groups of players achieved the highest
amount of AW and CW during the pre- and end-season. In non-starter players, the highest
amount of wACWR was observed in the end-season, whereas in starter players, the highest
amount was obtained in the mid-season. The fluctuations of AW and CW changes were
consistent in the starter and non-starter players during the competitive season. However,
the intergroup comparison showed that starters experienced more CW and AW during
the season than the non-starters. Throughout the season, AW values were higher among
non-starter players. Since the starter players are the starters of the matches, and for most of
the playing time, these players are present in the match, it can be justified that these values
are higher compared to non-starters, and also, this result could be related to the different
levels of physical fitness of the players [41]. Other reasons include additional physiological
stressors (high-speed running and number of sprints) [42] or psychological stains (rating
of perceived exertion) [43] during a competitive season, which leads the starter group to
increase its weekly training load and have a higher weekly workload than non-starters.
On the other hand, perhaps more training can be attributed to the common strategy of the
team’s technical staff to compensate, after the match or immediately after the match-play,
for the participation of players who played for less than 45 min in an official game [30].
According to the contradictory results of recent research, the concept of ACWR, which
indicates the possibility of injury, is questioned [26].

Changes in ACWR in the early-season were close to each other and there was no
significant difference between groups, whereas in the mid- and end-season, there was a
significant difference between groups. Some studies have shown an increased risk of injury
with greater workloads [35,44] because exposure to a higher load is inevitable. Besides,
Bowen et al. pointed out that an acute, excessive, and rapid increase in loads compared to
a higher chronic load may be responsible for a large proportion of non-contact injuries [45].
Thus, non-starters should be prepared to experience greater stress during periods when
they are not participating as starters in matches in order to reduce their injury risk [46].
Curtis et al. demonstrated that non-starters had higher training workloads, as measured
from total covering distance during weekly training sessions [47]. Researchers attribute the
workload difference between starters and non-starters to a variety of factors, such as age,
competitive environment, tactic strategy of the league, length of the season, and league
fixture [30]. However, in another part of the results, in non-starters, ACWR in the mid- or
early-season were at 1.4 and 1.6, respectively. Bowne et al. reported a significant increase
in injury risk (relative risk = 2.6) when CW was low (<938 m) and when ACWR was high
at high-speeds (1.4–1.9 A.U.). These results, though seemingly not generalized, suggest
that ACWR surveillance can be an important strategy to prevent injury in professional
soccer [17]. Most studies on the relationship between workload and injuries have removed
contact injuries, as they appear to be unavoidable, but many researchers have suggested that
ACWR is a good variable of the risk of non-contact injury in players [45]. Recent research
has questioned the concept of ACWR as a marker to identify possible injuries [48,49]. No
one criticizes the true value of understanding changes in TL progression or changes over the
course of a few weeks. Interestingly, training heterogeneity can lead to ACWRs that differ
from play position differences during the season, as they are stagnant or show sensitivity
for regular periods. Of course, the difference between these changes may depend on the
type of measurement considered.
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The results of the present study revealed that starters registered greater wTD, wSTD,
wDT, wRS, and wMS during the early-, mid-, and end-season in comparison with non-
starters in every season period. Anderson et al. and Oliveria et al. did not report the
TD difference between starters and non-starters; however, the authors concluded that the
high-intensity season loading pattern depended on the starting position of the players in
favour of the starters in the English Premier League [46,50]. In line with previous studies,
our results showed greater wDT and wTD in starters compared to non-starters during the
season. Consistent with our results, the highest TD values were reported by researchers
during the pre- and early-season compared to the mid- and end-season. Oliveria et al.
attributed the great TD in the pre-season to the coaches’ emphasis on physical conditioning,
which reduces the number of other courses compared to the pre-season. In addition
to examining the external TL, some articles have also analyzed the internal TL over a
season [50]. Researchers related the difference between starter and non-starter players to
the starting position of the players, coach’s decisions for designing drills, play styles, and
competition demands across leagues, which should be considered by the technical staff so
that a suitable training strategy can be considered for each player [19,51]. It seems that the
differences in GPS variables between starters and non-starters are understandable because
only 11 players participate in each competition, so the other players are not exposed the
load of the match, and so, these reported differences are justified. Managing starter and
non-starter players is very important for the team manager and staff of the professional
teams present during the tournament schedule. External load monitoring provides good
reference information about the physical impact and physiological stresses during an
annual cycle. It seems that awareness of training intensity, recovery status, and substitution
strategies in systematic planning in a competitive season to prevent injury, overtraining
syndrome, and NFOR is too important.

Limitations of Study

Regarding the limitations of the present study, we can mention the lack of internal
TL criteria. This study examines a team in the Persian Gulf League that has faced a
shutdown due to the expansion of COVID-19. Due to the fact that we only had access
to one of the 16 teams in the Premier League, so the number of samples was small, we
could not report the sample size calculation [32]. A lack of physiological analysis in the
training load portion was one of the limitations of the present study. Another limitation
of this study is the fact that players trained at home during the COVID-19 league closure.
Simultaneous examination of internal and external load may have been more appropriate.
It is also possible in future studies to compare AW and CW orientation strategies for TL
management in higher statistical samples.

5. Conclusions

According to the results, starters’ AW, CW, and ACWR were greater than non-starters.
Moreover, the ACWR value of the starters in the mid- and end-season showed high numbers
that should be considered by the technical staff to review the TL strategies. In the next
section, the results of starters’ wTD, wSTD, wDT, wRS, and wMS variables in comparison
to non-starters showed a higher mean, and also in both groups, compared to the pre-season,
the average of all variables was reduced.

According to the results of this study, it seems that training monitoring using the
parameters measured in this study can be a good way to check the external loads during
training and competition. Moreover, coaches and professional soccer players can use the
information obtained in this way to check the progress during the training season, review
the performance during the match, and design appropriate training sessions.
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Abstract: The aim of this study was to quantify the training load in two microcycles (Ms) from
pre- and another two from in-season and to analyze playing position influences on the load expe-
rienced by professional soccer players. Nineteen Asian athletes, including four central defenders,
four wide defenders, six central midfielders, three wide midfielders, and two strikers participated in
this study. The micro-electromechanical system was used to collect training duration, total distance,
and data from Zone 1 (0–3.9 km·h−1), Zone 2 (4–7.1 km·h−1), Zone 3 (7.2–14.3 km·h−1), Zone 4
(14.4–19.7 km·h−1), and Zone 5 (>19.8 km·h−1), heart rate maximum (HRmax), and average (HRavg).
The load was reduced on the last day of the Ms, with the exception of Zone 5, in M1, where higher
values were found on the last day. Significant differences were observed between central and wide
defenders for distance covered in Zone 4 (effect-size: ES = −4.83) in M2 and M4 (ES = 4.96). Through-
out all the Ms, a constant HRmax (165–188 bpm) and HRavg (119–145 bpm) were observed. There
was a tendency to decrease the load on the last day of the Ms. In general, there were higher external
training loads in Ms from the pre-season than in-season. Wide defenders and wide midfielders
showed higher distances covered with high-intensity running.

Keywords: heart rate; high-speed running; monitoring; sprint; sports technology; training load; load
quantification; competition phases

1. Introduction

The increasing intensity of soccer matches has resulted in drastic changes in the
physiological demands of the sport [1,2]. The soccer game involves brief bouts of linear high-
intensity running, sprinting, accelerations, decelerations, and multi-directional activities or
change-of-direction movements, interspersed by longer recovery periods of lower intensity
activities [3]. For instance, players in the English Premier League have been found to cover
681 m at running speeds ranging from 19.5 to 25.1 km·h−1 [4]. Previously, professional
soccer players have performed 150–200 intense actions per game [5] and covered very high-
intensity distances every 72 s [6]. The findings from the available literature highlight the
importance for players to maintain high physical fitness levels to withstand the increasing
physical demands during the training session and competitive matches [7]. Therefore,
monitoring/tracking each player’s daily intensity has become a necessity for coaches and
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practitioners in order to maintain an optimal fitness level of the players throughout the
competitive season [8], and also to reduce the risk of injuries [9].

The weekly intensity of soccer players varies according to the number of matches
during the season and phase of the annual plan [10,11]. The aim during the pre-season
is to rebuild the fitness levels of the players after the off-season [12]. However, the aim
during the in-season is to maintain and if possible improve the specific fitness components
developed during the pre-season [12]. Professional soccer players train between four to six
sessions/week during the competitive season [10], while it might be as high as one or two
sessions, five days a week during the pre-season [11]. Such variation in training patterns
might drastically influence the physiological demands placed on players and might result
in differences in the physiological stress [13]. Therefore, knowledge regarding the intensity,
during the different phases of the season, can be helpful for coaches in designing and
implementing periodized soccer-specific training routines.

In this sense, load monitoring includes both internal and external dimensions. For
better clarity, we avoid the load term and replace it with intensity following a recent
suggestion by Staunton et al. [14]. Thus, the external dimension constitutes the physical
demands performed during a training session or match, while the internal dimension is
related to biochemical and biomechanical responses to the external stressors [15]. In soccer,
subjective scales such as the rating of perceived exertion (RPE) initially developed by the
Borg scale [16] and later adapted by Foster [17], and s-RPE developed by Foster et al. [18,19]
and Impellizzeri et al. [20] were initially used to quantify internal intensity. This was
followed by using heart rate (HR) telemetry to monitor the cardiovascular response during
each training session. On the other hand, the external intensity is measured in training and
matches using micro-electro-mechanical systems (MEMS) such as location position systems,
global positioning systems (GPS), or optical camera tracking systems, using metrics such
as distance covered and intensities of different movements/actions [21]. Therefore, soccer
teams in recent years employ a combination of the above-mentioned methods to quantify
external and internal intensities.

Recent research in season intensity quantification has provided valuable information
by players in various leagues across European soccer [22–27]. Further, several studies
have attempted to quantify the in-season training intensity in a professional soccer team,
which involves a comparison of training days within weekly mesocycles [26–28]. Based
on the evidence available from the existing literature, the intensity has shown to have
little variation during the competition phase [26,27]. Additionally, within the weekly
microcycles (Ms), the intensity was generally similar within training days with a reduction
in the intensity in the days prior to the competition [22,24,26]. However, a comparison
of pre-season and in-season has been made by few studies [12,29]. Thereafter, there is
still paucity in the available evidence, since these studies have only reported limited
information on intensity and have considered only the duration of training and s-RPE for
the internal intensity quantification, and not the external intensity data collected using
MEMS. Additionally, there are currently not many available studies that have analyzed
internal and external intensities at two different time points during the soccer pre- and
in-season of the Asian Professional League.

A better understanding of the periodization practices in professional soccer will be
helpful for performance and technical coaches to manipulate the training volume, in order
to help players increase their physical levels during different phases of a soccer season [30].
However, due to the lack of clear evidence in professional players, the periodization
practices in soccer are currently poorly known and are reliant on the coach’s training
philosophy based on years of coaching experience [31]. Therefore, it can be argued that
there is still a lack of clarity with respect to periodization practices and whether these
practices demonstrate the required variation in intensity. Since the coaching practices vary,
further research is needed to broaden our understanding of this topic, and how it should
be programmed across an entire season. Moreover, most of the research on intensity during
training and competition during various Ms have predominantly focused on European
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soccer clubs [22,24]. As a result, these findings cannot be applied across all the soccer teams,
mainly due to the variation in match demands, culture, the number of matches played,
and tactical reasons [32]. To the author’s knowledge, there are limited studies [32] that
have quantified intensity from both soccer pre- and in-season in Asian Professional League.
Therefore, the primary aim of this study was to quantify intensity in four different Ms from
the pre- and in-season period (two Ms from each period) of soccer players competing in an
Asian Professional League. The secondary aims of the study were to compare training days
in each M as well as to compare playing positions.

2. Materials and Methods
2.1. Experimental Approach to the Problem

For this longitudinal study, training data were collected over a 48-week period during
full season. For the purposes of the present study, all training sessions conducted during the
main team sessions were considered which means that rehabilitation or recovery sessions
were not used for analysis. The duration of the training sessions includes the warm-up,
main and slow-down phases, plus stretching. All training programs were planned by the
coach and staff, and the researchers only standardized the first 30 min and the final 30 min,
(i.e., before and after each training session) regarding research procedures for external and
internal data collection (described below in Sections 2.4 and 2.5).

The weeks were chosen based on similar characteristics in pre- and in-season periods
which included pre- and in-season weeks with the exact same scheduling, (i.e., M1 and M4
had five training sessions while M2 and M3 had four training sessions). Such similarities
would allow a proper comparison between accumulated data. The characterization of
weekly training Ms analyzed in the present study is described in Table 1.

Table 1. Weekly training characterization of Ms from pre- and in-season.

M1, Pre-Season

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7
training sessions day-off

M2, Pre-Season

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7
training sessions day-off

M3, In-Season

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7
training sessions match-day

M4, In-Season

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7
day-off training sessions match-day

2.2. Participants

Nineteen professional soccer players belonging to a soccer team in Asian Professional
League participated in this study. The players were four central defenders (CD), four
wide defenders (WD), six central midfielders (CM), three wide midfielders (WM), and two
strikers (ST). They had an age of 28.4 ± 3.7 years, a height of 180.9 ± 7.1 cm, a body mass
of 74.0 ± 7.9 kg, and a body mass index of 22.5 ± 1.1 kg/m2.

All players participated in the full season (>60% of the total matches played in a season).
Specifically, for the present study, the inclusion criteria were a training session participation
of 100% regarding frequency and duration of the session while the exclusion criteria were
players who participated in rehabilitation or recovery sessions. All participants were
familiarized with the training protocols prior to investigation. This study was conducted
according to the requirements of the Declaration of Helsinki and was approved by the
University of Isfahan research ethics committee (IR.UI.REC., 1399.064 Isfahan, Iran).
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2.3. Procedures

All training sessions were conducted on the natural grass field and in the afternoon.
The players had the same nutrition every week for at least several days in camp and
throughout the match days. All the information was provided by the researcher and global
positioning system (GPS) manager of the team who had more than eight years of experience.
Training data were collected over the course of four different 7-day Ms: from pre-season,
M1 and M2 included five and six training sessions, respectively; from in-season, M3 and M4
included six and five training sessions, with one match (national league), respectively. All
Ms analyzed included consecutively training sessions. Days off or matches only occurred
on the last days or the first day of the week (Table 1). Although other weeks also fit the
descriptions provided, all weeks selected met the criteria for participants, meaning that
they completed all training sessions during the chosen weeks. A total number of 22 training
sessions (418 individuals) were observed for this study. This study did not influence or
alter the training sessions in any way. Training data were collected at the soccer club’s
outdoor training pitches. Data were analyzed per day of the week, (i.e., day 1, day 2, . . . ,
and day 7).

2.4. External Intensity Monitoring—Training Data

A 15 Hz MEMS (GPSPORTS systems Pty Ltd., model: SPI high-performance units,
Australia) system was used in all the training sessions. This MEMS presents a 100 Hz ac-
celerometer, with 16 G Tri-Axial-Track impacts, accelerations, and decelerations and 50 Hz
Tri-Axial magnetometers. The GPS size dimensions were (74 mm × 42 mm × 16 mm).
Additionally, it is water-resistant and uses infra-red, and weighed 56 g for data trans-
mission. The validity and reliability of the device have been confirmed by Tessaro and
Williams [33] study. Thus, the following variables were selected: total duration of train-
ing session, total distance, and distance of different exercise intensity zones which were
adapted from previous studies [22,34]: Zone 1 (0–3.9 km·h−1), Zone 2 (4–7.1 km·h−1),
Zone 3 (7.2–14.3 km·h−1), Zone 4 (14.4–19.7 km·h−1) and Zone 5 (>19.8 km·h−1). Consid-
ering that several players did not achieve a higher speed of 24 km·h−1 (which was Zone 6),
Zone 5 included all data to avoid zeros and a lower comparison power analysis between
players. Weekly zones (1–5) and weekly total distance were calculated by the sum value for
the entire week for each M, respectively.

2.5. Internal Intensity Monitoring—Training Data

A flashing red light was used to track HR. We placed each unit perpendicular to the
bag and made sure the logo on the unit was facing backward and the RED light was on.
High-performance units are designed to automatically collect athletes’ accelerometer and
HR data in one session. In addition to the GPS receiver, the SPI Pro X unit consists of a
tri-axial accelerometer, to estimate the forces on the player and an integrated HR monitor.
The following variables were selected: maximal HR (HRmax) and average HR (HRavg).
Then, weekly HRmax (wHRmax) and weekly HRavg (wHRavg) were calculated by the
average value for the entire week for each M, respectively. The way this information was
recorded was similar to previous studies [35–38].

2.6. Statistical Analysis

Data were analyzed using the IBM SPSS Statistics for Windows, Version 22.0. (IBM
Corp., Armonk, NY, USA) statistical software package. Initially, descriptive statistics
were used to characterize the sample. Shapiro-Wilk and Levene tests were conducted to
determine normality and homoscedasticity, respectively. Once variables obtained a normal
distribution (Shapiro–Wilk>0.05), it was used a repeated measures ANOVA test and the
Bonferroni post hoc correction test to compare variables for days of the week. This process
was repeated to also allow a comparison between all Ms/weeks and player positions.
The results are significant with a p ≤ 0.05. Hedge’s g effect size (ES) was also calculated
to determine the magnitude of pairwise comparisons. The following criteria in absolute
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values was used: <0.2 = trivial, 0.2 to 0.6 = small effect, 0.7 to 1.2 = moderate effect, 1.3 to
2.0 = large effect, and >2.0 = very large [39].

Considering the main of this study and using G-Power [40], a post hoc calculation
was performed for n = 19, p = 0.05, ES = 0.6, one group, four measurements (four Ms), for
repeated measures ANOVA which displayed 99.9% of actual power.

3. Results
3.1. Day-to-Day Intensity Variations across the Four Ms

Training duration is presented in Table 2 while Tables 3 and 4 showed comparisons
between days of the week for each M, respectively (all, p < 0.05).

Table 2. Training duration (minutes) during the 7-day testing period for squad average.

Periods Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7

M1, pre-season 83.3 ± 0.0 a,b,c,d 76.6 ± 2.0 b,c,d 93.7 ± 0.4 c,d 95.3 ± 1.9 92.4 ± 1.0 X X
M2, pre-season 70.8 ± 3.1 a,b,c,d,e 98.9 ± 1.0 b,e 107.2 ± 0.0 c,d,e 98.7 ± 1.6 e 100.9 ± 0.0 e 110.3 ± 0.0 X
M3, in-season 78.6 ± 3.3 a,e 97.6 ± 0.0 b,c,d,e 80.4 ± 0.1 c,e 73.4 ± 0.0 d,e 80.8 ± 0.5 e 60.5 ± 0.1 MD
M4, in-season X 73.1 ± 5.9 b 97.0 ± 0.0 e 91.4 ± 2.9 e 87.2 ± 0.9 e 60.1 ± 0.0 MD

M, microcycle; X, day-off; MD = match-day; a, denotes difference from day 2; b, denotes difference from day 3;
c, denotes difference from day 4; d, denotes difference from day 5; e, denotes difference from day 6; all p < 0.05.

Table 3. Distances covered at different speed thresholds and heart rate variables (representative of
squad average data) during the 7-day period in pre-season.

M1, Pre-Season Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7

Total Distance (m) 6951.5 ± 143.8 a,b 6000.1 ± 153.4 b,d 8135.8 ± 196.8 c,d 6422.4 ± 217.9 d 7117.0 ± 191.5 X X
Zone1 (m) 1671.8 ± 109.1 b,c,d 1933.8 ± 104.4 c,d 2233.1 ± 72.2 d 2349.2 ± 63.0 2538.4 ± 66.0 X X
Zone2 (m) 2600.1 ± 49.5 a,b 2155.6 ± 89.8 b,d 3174.4 ± 80.2 c,d 2224.1 ± 116.0 2587.8 ± 66.0 X X
Zone3 (m) 2131.2 ± 83.0 a,c,d 1504.4 ± 79.6 b 2041.3 ± 108.8 c,d 1279.6 ± 60.8 d 1530.5 ± 88.3 X X
Zone4 (m) 519.4 ± 53.0 a 359.8 ± 35.6 b,c 619.9 ± 31.2 d 524.1 ± 38.2 d 384.9 ± 45.0 X X
Zone5 (m) 29.1 ± 3.4 46.5 ± 7.1 67.2 ± 10.7 45.3 ± 5.1 75.4 ± 16.9 X X

HRmax (bpm) 187 ± 2 184 ± 4 188 ± 2 186 ± 2 186 ± 3 X X
HRavg (bpm) 145 ± 3 d 141 ± 3 144 ± 1 d 138 ± 2 139 ± 2 X X

M2, Pre-Season Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7

Total Distance (m) 5734.5 ± 216.4 b,d 6807.0 ± 223.1 b,d 8742.1 ± 136.2 c,e 6215.3 ± 150.7 d 8091.8 ± 250.6 e 6133.6 ± 142.5 X
Zone1 (m) 1999.4 ± 80.3 a,b,d,e 2608.2 ± 77.5 b,c 2910.2 ± 63.6 c 2285.6 ± 54.3 d,e 2914.3 ± 105.2 2670.5 ± 91.3 X
Zone2 (m) 1650.2 ± 98.6 b,d 1747.0 ± 61.3 b,c,d 2665.3 ± 80.8 c,e 2097.0 ± 72.6 e 2330.6 ± 94.8 e 1675.6 ± 36.4 X
Zone3 (m) 1143.9 ± 93.8 a,b,d 1760.7 ± 91.3 b 2097.0 ± 75.8 c,d,e 1377.9 ± 75.1 1554.5 ± 65.9 1387.8 ± 67.9 X
Zone4 (m) 809.8 ± 86.1 c,d,e 618.4 ± 37.1 b,c,d,e 762.3 ± 44.6 c,d,e 421.7 ± 34.4 d 1201.9 ± 6.8 e 358.9 ± 28.3 X
Zone5 (m) 131.1 ± 22.3 b,c,e 72.8 ± 12.9 b 307.2 ± 19.3 c,d,e 30.1 ± 5.2 90.5 ± 21.7 40.7 ± 4.8 X

HRmax (bpm) 170 ± 9 188 ± 2 187 ± 2 176 ± 5 186 ± 2 e 180 ± 2 X
HRavg (bpm) 128 ± 7 138 ± 3 c,e 139 ± 3 c,e 127 ± 3 135 ± 2 e 124 ± 2 X

M, microcycle; MD, match-day; bpm, beats per minute; m, meters; HRmax, heart rate maximum; HRavg, heart
rate average; X, Day Off; a, denotes difference from day 2; b, denotes difference from day 3; c, denotes difference
from day 4; d, denotes difference from day 5; e, denotes difference from day 6; all p < 0.05.

3.1.1. M1, Pre-Season

Total distance showed significant differences in day 1 > day 2 (ES = 6.40) and <day 3
(ES = −6.87). Day 2 < day 3 (ES = −12.10) and <day 4 (ES = −6.44). Day 3 > day 4 (ES = 8.25)
and >day 5 (ES = 5.25). Additionally, day 4 < day 5 (ES = −3.39).

Zone 1 showed significant differences in day 1 < day 3 (ES = −6.07), <day 4 (ES = −7.60),
<day 5 (ES = −9.60). Day 2 < day 3 (ES = −4.82) and day 4 (ES = −6.92). Additionally,
day 3 < day 5 (ES = −4.41).

Zone 2 showed significant differences in day 1 > day 2 (ES = 6.13), <day 3 (ES = −8.62).
Day 2 < day 3 (ES = −11.67) and< day 5 (ES = −0.66). Day 3 > day 4 (ES = 9.53) and day
(ES = 7.99).

Zone 3 showed significant differences in day 1 > day 2 (ES = 7.71), >day 4 (ES = 11.71),
>day 5 (ES = 7.01). Day 2 < day 3 (ES = −5.63). Day 3 > day 4 (ES = 8.64) and >day 5
(ES = 5.16). Day 4 < day 5 (ES = −3.31).
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Zone 4 showed significant differences in day 1 > day 2 (ES = 3.54). Day 2 < day 3
(ES = −7.77) and <day 4 (ES = −4.45). Day 3 > day 5 (ES = 6.07). Day 4 > day 6 (ES = 3.34).

HRavg showed significant differences in day 1 > day 5 (ES = 2.35) and day 3 > day 5
(ES = 3.16).

Table 4. Distances covered at different speed thresholds and heart rate variables (representative of
squad average data) during the 7-day period in season.

M3, In-Season Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7

Total Distance (m) 4818.1 ± 370.9 b 5488.8 ± 189.1 c,d,e 6966.4 ± 415.3 c,d,e 4019.6 ± 96.3 e 3757.0 ± 174.7 3584.6 ± 60.0 MD
Zone1 (m) 1791.0 ± 129.0 a,b 2394.5 ± 83.6 c,d,e 2675.6 ± 140.8 c,d,e 1750.3 ± 38.2 e 1798.1 ± 126.4 1616.9 ± 35.9 MD
Zone2 (m) 1423.4 ± 178.0 1669.6 ± 91.4 c,d,e 1583.6 ± 98.2 c,d,e 904.6 ± 21.3 e 892.3 ± 50.2 e 1061.7 ± 20.5 MD
Zone3 (m) 1115.9 ± 142.6 b 937.9 ± 78.7 b,e 1953.5 ± 154.1 c,d,e 942.1 ± 37.7 d,e 682.6 ± 28.3 630.7 ± 31.4 MD
Zone4 (m) 405.3 ± 50.3 445.0 ± 25.8 b,c,d,e 651.4 ± 74.3 c,d,e 366.7 ± 28.5 e 305.7 ± 22.6 249.0 ± 8.3 MD
Zone5 (m) 82.5 ± 14.1 e 41.6 ± 9.2 b 102.3 ± 13.4 c 55.9 ± 10.4 78.4 ± 19.7 26.1 ± 3.3 MD

HRmax (bpm) 180 ± 3 e 174 ± 5 179 ± 6 172 ± 4 189 ± 2 167 ± 5 MD
HRavg (bpm) 129 ± 4 125 ± 3 139 ± 6 126 ± 2 121 ± 2 124 ± 2 MD

M4, In-Season Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7

Total Distance (m) X 5739.9 ± 628.8 e 4883.3 ± 96.2 c,d,e 6768.5 ± 358.5 d,e 3988.4 ± 150.7 3486.8 ± 56.8 MD
Zone1 (m) X 2042.9 ± 245.8 2091.3 ± 85.1 e 2424.9 ± 139.8 e 2085.9 ± 63.5 e 1509.6 ± 32.9 MD
Zone2 (m) X 1867.4 ± 228.1 d,e 1535.6 ± 23.4 d,e 1821.0 ± 102.2 d,e 792.4 ± 66.3 1027.8 ± 33.5 MD
Zone3 (m) X 1299.7 ± 222.4 1043.8 ± 115.5 c,e 1989.5 ± 153.2 d,e 758.9 ± 47.7 661.2 ± 45.3 MD
Zone4 (m) X 396.0 ± 26.8 b,e 193.6 ± 17.6 c 493.8 ± 53.6 d,e 269.8 ± 26.3 249.9 ± 18.5 MD
Zone5 (m) X 133.9 ± 11.4 c,d,e 18.9 ± 3.3 d 39.3 ± 5.2 81.3 ± 12.7 38.3 ± 13.3 MD

HRmax (bpm) X 170 ± 6 166 ± 7 176 ± 5 170 ± 4 165 ± 8 MD
HRavg (bpm) X 127 ± 4 120 ± 3 c 133 ± 3 d 119 ± 3 121 ± 5 MD

M, microcycle; MD, match-day; bpm, beats per minute; m, meters; HRmax, heart rate maximum; HRavg, heart
rate average; X, Day Off; a, denotes difference from day 2; b, denotes difference from day 3; c, denotes difference
from day 4; d, denotes difference from day 5; e, denotes difference from day 6; all p < 0.05.

3.1.2. M2, Pre-Season

Total distance showed significant differences in day 1 < day 3 (ES = −16.63) and
<day 5 (ES = −10.07). Day 2 < day 3 (ES = −10.47) and <day 5 (ES = −5.42). Day 3 > day 4
(ES = 17.59) and >day 6 (ES = 18.71). Additionally, day 4 < day 5 (ES = −9.08).

Zone 1 showed significant differences in day 1 < day 2 (ES = −7.71), <day 3 (ES = −12.57),
<day 5 (ES = −9.78), <day 6 (ES = −7.81). Day 2 < day 3 (ES = −4.26) and >day 4 (ES = 4.82).
Additionally, day 3 > day 4 (ES = 10.56). Additionally, day 4 > day 5 (ES = −7.51) and
>day 6 (ES = −5.12).

Zone 2 showed significant differences in day 1 < day 2 (ES = −11.26), <day 4 (ES = −7.03).
Day 2 < day 3 (ES = −12.80), <day 4 (ES = −5.21) and <day 5 (ES = −7.31). Day 3 > day 4
(ES = 7.40) and >day 6 (ES = 15.79). Day 4 and day 5 were higher than day 6 (ES = 7.34,
ES = 9.12, respectively).

Zone 3 showed significant differences in day 1 < day 2 (ES = −6.66), <day 3 (ES = −11.18),
<day 5 (ES = −5.07). Day 2 < day 3 (ES = −4.01). Day 3 < day 4 (ES = 9.53), <day 5 (ES = 7.64)
and <day 6 (ES = 9.86).

Zone 4 showed significant differences in day 1 > day 4 (ES = 5.92), <day 5 (ES = −6.42),
>day 6 (ES = 7.04). Day 2 < day 3 (ES = −3.51), >day 4 (ES = 5.50), <day 5 (ES = −21.88),
> day 6 (ES = 7.86). Additionally, day 3 > day 4 (ES = 8.55), <day 5 (ES = −13.78), >day 6
(E = 10.80). Additionally, day 4 < day 5 (ES = 1.99). Additionally, day 5 > day 6 (ES = 40.96).

Zone 5 showed significant differences in day 1 > day 3 (ES = −8.44), >day 4 (ES = 6.24),
>day 6 (ES = 5.60). Day 2 < day 3 (ES = −14.28). Additionally, day 3 > day 4 (ES = 19.61),
> day 5 (ES = 10.55), >day 6 (ES = 18.95).

HRmax showed significant differences in day 5 > day 6 (ES = 3.00). HRavg showed
significant differences in day 2 > day 4 (ES = 3.67) and >day 6 (ES = 5.49). Additionally,
day 3 > day 4 (ES = 4.00) and >day 6 (ES = 5.88). Finally, day 5 > day 6 (ES = 5.50).

3.1.3. M3, In-Season

Total distance showed significant differences in day 1 < day 3 (ES = −5.46). Day 2 >
day 4 (ES = 9.79), >day 5 (ES = 9.51) and >day 6 (ES = 13.57). Day 3 > day 4 (ES = 9.78),
>day 5 (ES = 10.07) and >day 6 (ES = 11.40). Additionally, day 4 > day 6 (ES = 5.42).
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Zone 1 showed significant differences in day 1 < day 2 (ES = −5.55), <day 3 (ES = −6.55).
Day 2 > day 4 (ES = 9.91), >day 5 (ES = 5.57) and >day 6 (ES = 12.09). Additionally, day 3 >
day 4 (ES = 8.97), >day 5 (ES = 6.56) and >day 6 (ES = 10.30). Additionally, day 4 > day 6
(ES = 3.60).

Zone 2 showed significant differences in day 2 > day 4 (ES = 11.53), >day 5 (ES = 10.54)
and >day 6 (ES = 9.18). Day 3 > day 4 (ES = 9.56), >day 5 (ES = 8.86) and >day 6 (ES = 7.36).
Day 4 and day 5 were higher than day 6 (ES = −7.52, ES = −4.42, respectively).

Zone 3 showed significant differences in day 1 < day 3 (ES = −5.64). Day 2 < day 3
(ES = −8.30) and >day 6 (ES = 5.12). Day 3 > day 4 (ES = 9.02), >day 5 (ES = 11.47) and
>day 6 (ES = 11.90). Day 4 > day 5 (ES = 7.79) and >day 6 (ES = 8.98).

Zone 4 showed significant differences in day 2 < day 3 (ES = −3.71), >day 4 (ES = 2.88),
>day 5 (ES = 5.74), >day 6 (ES = 10.23). Day 3 > day 4 (ES = 5.06), >day 5 (ES = 6.30), >day 6
(ES = 7.61). Additionally, day 4 > day 6 (ES = 5.61).

Zone 5 showed significant differences in day 1 > day 6 (ES = 5.51). Day 2 < day 3
(ES = −5.28). Additionally, day 3 > day 4 (ES = 3.87).

HRmax showed significant differences in day 1 > day 6 (ES = 3.15).

3.1.4. M4, In-Season

Total distance showed significant differences in day 2 > day 6 (ES = 5.05). Day 3 <
day 4 (ES = −7.18), >day 5 (ES = 7.08) and >day 6 (ES = 17.68). Day 4 > day 5 (ES = 10.11),
>day 6 (ES = 12.79).

Zone 1 showed significant differences in day 3 > day 6 (ES = 9.02). Day 4 > day 6
(ES = 9.01). Day 5 > day 6 (ES = 11.40).

Zone 2 showed significant differences in day 2 > day 5 (ES = 6.40), >day 6 (ES = 5.15).
Day 3 > day 5 (ES = 14.95), >day 6 (ES = 17.57). Day 4 > day 5 (ES = 11.94) and day 6
(ES = 10.43).

Zone 3 showed significant differences in day 3 < day 4 (ES = −6.97) and >day 6
(ES = 3.22). Day 4 > day 5 (ES = 10.85) and >day 6 (ES = 11.76).

Zone 4 showed significant differences in day 2 > day 3 (ES = 8.93), >day 6 (ES = 6.34).
Day 3 < day 4 (ES = −7.53). Additionally, day 4 > day 5 (ES = 5.31) and >day 6 (ES = 6.08).

Zone 5 showed significant differences in day 2 > day 4 (ES = 10.68), >day 5 (ES = 4.36),
>day 6 (ES = 7.72). Additionally, day 3 < day 5 (ES = −6.73).

HRavg showed significant differences in day 3 < day 4 (ES = −4.33) and day 4 > day 5
(ES = 4.67).

3.2. Comparisons between Ms

Figures 1–3 displayed the differences between Ms. In Figure 1A, there were significant
differences in the weekly total distance between M1 and M2 (ES = −14.72), M1 and M3
(ES = 9.26), M1 and M4 (ES = 17.42), M2 and M3 (ES = 23.09), M2 and M4 (ES = 36.22), M3
and M4 (ES = 5.93). Figure 1B showed that weekly Zone 1 presented significant differences
between M1 and M2 (ES = −15.05), M2 and M3 (ES = 11.97), M2 and M4 (ES= 17.26), and
M3 and M4 (ES = 6.50). Finally, Figure 1C showed that weekly Zone 2 presented significant
differences between M1 and M2 (ES = 3.51), M1 and M3 (ES = 1.04), M1 and M4 (ES = 29.91),
M2 and M3 (ES = 20.3), M2 and M4 (ES = 27.34).

In Figure 2A, there were significant differences for weekly Zone 3 between M1 and
M2 (ES = 3.15), M1 and M3 (ES = 7.41), M1 and M4 (ES = 9.61), M2 and M3 (ES = 11.58),
M2 and M4 (ES = 14.47). In Figure 2B, there were significant differences for weekly Zone 4
between M1 and M2 (ES = −12.20), M1 and M3 (ES = 6.33), M2 and M3 (ES = 13.10), M2
and M4 (ES = 24.02), M3 and M4 (ES = 7.17). Ultimately, in Figure 2C, there were significant
differences for weekly Zone 5 between M1 and M2 (ES = −10.24), M1 and M3 (ES = −3.80),
M2 and M3 (ES = 6.64), and M2 and M4 (ES = 9.27).
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Figure 1. Comparisons between player positions for weekly total distance (wTD), Zone 1 (wZone1),
and Zone 2 (wZone2) for each microcycle, (e.g., M1, M2, M3, and M4) and between Ms by team
average. (A) wTD; (B) wZone1; (C) wZone2; * Denotes difference from M2; # denotes difference from
M3; ¥ denotes difference from M4; all p < 0.05.

In Figure 3A, there were significant differences for HRmax between M1 and M3
(ES = 4.26) and M1 and M4 (ES = 4.92). In Figure 3B, there were significant differences for
HRavg between M1 and M2 (ES = 4.00), M1 and M3 (ES = 6.50 and M1 and M4 (ES = −8.04),
M2 and M3 (ES = 2.78), M2 and M4 (ES = −10.34), and M3 and M4 (ES = −11.75).
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Figure 2. Comparisons between player positions for weekly Zones 3, 4, and 5 for each microcycle,
(e.g., M1, M2, M3, and M4) and between Ms by team average. (A) wZone3; (B) wZone4; (C) wZone5;
a denotes difference from WD, b denotes difference from WM, c denotes difference from ST, * denotes
difference from M2, # denotes difference from M3, ¥ denotes difference from M4, all p < 0.05.

3.3. Comparisons between Player Positions

There were no differences between playing positions for all Ms and variables, except
for Zone 4, which displayed some difference between playing positions, namely CD vs. WD
(ES = −4.83) in M2 and M4 (ES = 4.96). Additionally, WD vs. WM (ES = −5.88) and
WD vs. ST (ES = 5.38) in M4 (Figure 2B).
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Figure 3. Comparisons between player positions for average HRmax and average HRavg for each
microcycle, (e.g., M1, M2, M3, and M4) and between Ms by team average. (A) wHRmax; (B) wHRavg;
* Denotes difference from M2; # denotes difference from M3; ¥ denotes difference from M4; all p < 0.05.

4. Discussion

The aim of this study was to quantify the training intensity in two Ms from pre-season
and another two during in-season. The secondary aim was to analyze the influence of
playing position on the intensity experienced by professional soccer players. To the best of
our knowledge, this study provides the first report of daily external and internal intensity
over four different Ms (two from pre-season and two from in-season) and for playing
positions in Asian soccer players. This study could find significant differences in daily and
accumulated intensities for the within and between match schedules.

4.1. Day-to-Day Intensity Variations across the Four Ms

The off-season is designed to recover, maintain and/or improve specific individual
weaknesses from the in-season. However, sometimes a detraining process may occur and,
in this sense, the emphasis during pre-season could be rebuilding fitness parameters after
the off-season period. During the pre-season phase (M1), the training distance covered
was highest on day 3, while the lowest was on day 2. The distance covered in Zone 1 was
the highest on day 5, while the distance covered in Zone 2 and Zone 4 was highest on
day 3. Further, the distance covered in Zone 3 was highest on day 1 while day 5 showed the
highest distance covered in Zone 5. These results indicate that the high-speed running and
the intensity of the training increased as the week progressed. The increase in physiological
demands during the pre-season phase could be to provide optimal conditioning to the
soccer players in order to prepare them for the competitive season [41].

There was no difference in the HRmax of the players throughout the week. The HR
reported in our study was higher than that reported by Jeong et al. [12]. The HRmax was re-
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ported to be 124 ± 7 beats/min in professional Korean soccer players. This difference might
be due to the external work performed by each team during their respective pre-season,
individual differences in the player characteristics, and differences in the periodization
plans specific to the team included in our study. This further highlights that the coaches
maintained an overall consistent intensity during the entire week on the majority of the
training days.

During M2, the highest training duration was on day 6. The highest distance covered
was on day 3 and the lowest was on day 1. The most distance covered in Zone 1 was on
day 5 and in Zone 2, 3, and 5 was on day 3. There might be a possibility that this could
be due to the reduction in intensity during the start of the week and then a progressively
increase as the week progressed. There was no difference in the HRmax between the days
of the session, but the HRavg showed differences on days 2, 4, and 6. The HR during
this period was also found to be higher than in the study by Jeong et al. [12]. It must be
taken into account that training/match intensity is different today compared to more than
10 years ago.

During the in-season phase (M3 and M4), the training duration and the distance
covered were reduced one day before the match. It can also be observed that the distances
were increased progressively during the first three days of the week with the total distance
starting to reduce from day 4. This has been associated with tapering strategies used
to reduce intensity and volume on the day preceding the matches to improve player
readiness [22,25,42]. Furthermore, a rest day was provided after the match during M4.
These findings are in line with the previous studies in the existing literature. For instance,
Kelly et al. [31] reported a recovery day after the match followed by a subsequent increase
in intensity as the week progressed. It is interesting to note that the distance covered in
Zone 5 was higher on M4 post-recovery day. One possible reason could be the difference
in training duration, and the level of intensity applied by the coach [22]. For example, the
duration of training post-match day in M4 was 73 min, whereas it was between 87–97 min
during the other days except for the day before the match (day 6). This could be due to
the high-intensity training approach, or simply due to the context and objectives related
to the training intensity management [22]. The HRmax did not vary much between the
sessions during M4. However, it was significantly different on day 1 and day 6 in M3.
One possible explanation for this could be due to the increased distance covered in Zone 5
(82.5 m vs. 26.l m) on both days. The distance covered at increased speed could have
contributed to the higher HR. Additionally, the training duration was higher on day 1
compared to day 6 (78.6 vs. 60.5 min). These findings reflect the day-to-day intensity
variation during different Ms, and it seems that there are some marked differences in the
intensity during the 1-week Ms during pre-season and in-season.

4.2. Comparison between Ms

The weekly total distance and the distance covered in Zone 1–5 during both Ms of
the pre-season was higher compared to the in-season. Previous studies showed that pre-
season intensity is generally higher compared to the in-season [12,43]. The aim during
the pre-season is to work on the fitness levels of soccer players, while the aim during the
in-season is focused on the technical and tactical development, and to maintain the optimal
level of fitness developed during the pre-season [26]. The pre-season training period is
traditionally the time when the majority of the physical preparation work is completed
by players, to enable them to fulfill the physiological requirements of the competitive
season [41]. Although the pre-season varies according to specific purposes of training [12],
it is generally accepted that the physiological demands of this phase of training are greater
than at other times during in-season. As such, maximal tests can be applied both within
the gym and on-field during the pre-season phase, with the results being used to prescribe
general running-based conditioning that accompanies more specific methods of training
such as simulated phases of play, small-sided games, and skill-based drills [44]. There was
also a significant difference in the HRmax and HRavg during both Ms of the in-season
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compared to the pre-season. This variation could be due to the differences in training
administered during both Ms.

In particular, there seem to be differences in the total distance covered during the
pre-season. The distance covered during the M2 was higher than M1. Further, the distance
covered in Zone 5 was high in M2 compared to M1. One reason could be that the intensity
of the training sessions could have increased and could have involved more accelera-
tion/deceleration drills just before the beginning of the in-season. During the in-season,
the total distance covered during the first M was higher when compared to the latter one.
This is in agreement with the results reported by Malone et al. [26] in which soccer players
covered more distance during the initial phase of the in-season compared to the final M.
One further reason for this could be associated with the emphasis on physical conditioning
by coaches as a continuation of the pre-season phase. The data reported within the current
investigation may show that coaches adopted a pre-competition reduction in intensity to
protect against injury and prevent fatigue in players as the in-season progresses. The data
from our study suggested that training intensity is periodically manipulated before the
competition, in order to reduce the risk of injury and improve potential match performance
as the competition progresses [45–47].

4.3. Comparisons between Player Positions

Our results revealed that there were significant differences in the distance covered in
Zone 4, it varied significantly between CD, WD, WM and ST during M2 and M4. The WD
was found to cover the most distance in Zone 4 during both Ms. Wide areas are generally
less congested compared to the central ones, resulting in increased chances of achieving
high speed [48]. Further, since CD operated in congested, and central areas of the pitch,
this could have led them to cover less distance in high-speed running when compared to
WD [49]. Previous research by Abbott et al. [48] also indicated that the high-speed running
and sprinting distances covered by WD and WA are similar because they operate on the
flanks of the pitch. However, our results contradict these findings as there was a significant
difference observed between both playing positions during M4. When comparing WD and
ST, the lesser involvement of the ST during defensive tasks could explain the lesser distance
covered in high-intensity zones [48]. In addition, every position saw similar efforts during
the other periods of the M and there was no significant difference in the distance covered
in the other M.

4.4. Practical Applications, Limitations and Considerations for Future Studies

This study provides useful information regarding the intensity employed by profes-
sional soccer teams during the pre- and in-season. It provides further evidence of the
value of using the combination of different measures of intensity to fully evaluate the
patterns observed across the two periods of the season. For coaches and practitioners,
the study generates reference values for professional players, which can be considered
when planning training sessions, and also designing and implementing training programs
considering the physiological demands of each playing position. Considering the impor-
tance of summarizing the main evidence about the influence of factors for optimizing the
exercises and the potential practical applications for coaches, it is suggested that HR should
be used with some parsimony in controlling the intensity of the training. In maximizing
the physical fitness of players from different field positions, coaches can take into account
that only speed zones higher than 14.4 km·h−1 denoted some significant differences for
player positions.

Despite the previous practical applications, this study is based on one top professional
Asian soccer team with only a small sample size and for those reasons, it cannot repre-
sent the usual training demands of other leagues/countries. Thus, future studies with
larger sample sizes and from other leagues/countries should be considered. Moreover,
playing position analysis was limited to the small number of participants in each posi-
tion (2–6 players). Furthermore, it was previously suggested to conduct future studies,
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that included players that also completed exercise training sessions, without competitive
matches [22]. Even so, we consider that data are still limited because there are other
variables such as acceleration, deceleration, player load, and metabolic power as well
as technical, tactical, or other physical and physiological variables or information about
training content and periodization structure that could also give important knowledge
and references for training which makes us suggest the use of covariates in future studies.
In addition, future studies can consider training and match data to amplify science and
confirm these results. Additionally, it is important to understand whether several contex-
tual variables, such as the opponent level, the match result, or the time during the season,
could affect the results. Lastly, the higher running speed zone included a threshold higher
than 19.8 km·h−1 and future studies may want to consider other speed thresholds such
as higher, (i.e., 24 km·h−1) to provide additional information. However, in the present
study, several players did not achieve such running speed as previously explained. This
information should be considered by performance and technical coaches, especially those
from the Iranian league.

5. Conclusions

This study quantifies the daily soccer training and accumulative weekly intensity of a
team from the Asian Professional League in four different Ms schedules. It is important to
note that customary external intensity did not exhibit a regular pattern for the analyzed Ms.
However, there was a similar tendency of constant HRmax (range values: 165–188 bpm’s)
and HRavg (range values: 119–145 values) over the different Ms. Moreover, this study
confirmed previous evidence that there was a general tendency to decrease intensity in the
last day of the M.

In general, there was a higher external intensity in Ms from the pre-season than
in-season. Finally, only speed zones higher than 14.4 km·h−1 denoted some significant
differences for player positions. WD and WM showed higher distances covered with high
intensity. In opposition, internal intensity does not vary from different playing positions.
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Abstract: Background: Small-sided games (SSGs) are drill-based and constrained exercises designed
to promote a technical/tactical and physiological/physical stimulus on players while preserving
some dynamics of the real game. However, as a dynamic game, they can offer some variability
making the prediction of the stimulus hardest for the coach. Aim: The purpose of this study was to
analyze the between-session and within-player variability of heart rates and locomotor responses of
young male soccer players in 3v3 and 5v5 small-sided game formats. Methods: This study followed a
repeated-measures study design. Twenty soccer players were enrolled in a study design in which
the SSG formats 3v3 and 5v5 were performed consecutively across four days. Twenty under-17
male youth soccer players (16.8 ± 0.4 years old) voluntarily participated in this study. Participants
were monitored using a Polar Team Pro for measuring the heart rate mean and maximum, distances
covered at different speed thresholds, and peak speed. Results: Between-players variability revealed
that maximum heart rate was the outcome with a smaller coefficient of variation (3v3 format: 3.1% to
11.1%; 5v5 format: 6.6% to 15.2%), while the distance covered at Z5 (3v3 format: 82.5% to 289.8%;
5v5 format: 94.0% to 221.1%). The repeated measures ANOVA revealed that the four games tested
were different in the within-player variability considering the maximum heart rate (p = 0.032), total
distance (p < 0.001), and distances at zone 1, 2, and 5 of speed (p < 0.001). Conclusions: The smaller
small-sided game tested promotes greater within-player variability in locomotor demands while
promoting smaller within-player variability heart rate responses. Possibly, 5v5 is more recommended
to stabilize the locomotor demands, while the 3v3 is recommended to stabilize the heart rate stimulus.
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1. Introduction

Small-sided games (SSGs) are a widespread form of soccer practice given their capabil-
ity to simulate both physical and technical–tactical demands at least in part similar to those
required in official matches [1–3]. In the context of youth soccer, SSGs have been used for
various purposes including training prescription, monitoring/testing, and possible talent
detection [4–6]. However, aside from a number of additional strengths (e.g., exercise speci-
ficity and player buy-in), potentially undesired variability may be among the prominent
pitfalls of SSGs, particularly when a training program aims to reach specific intensities
(i.e., individualisation) and progress across the time. Otherwise, it may be an important
advantage of such a tool since offering unpredictable stimuli generally benefits technical
and tactical development [7,8]. As a consequence, it is clear that there is a need to know the
level of variability promoted by distinct SSGs formats [9] before applying them in order to
attempt to match the delivered stimuli with the coaches’ intentions.

Two common manners to check the consistency/inconsistency of SSG responses con-
sist in determining their within- and between-session variability, and looking for capturing
the possible day and seasonal oscillations through repeated measures, respectively. Im-
portantly, the SSG variability data obtained in senior standards cannot be extrapolated to
teenagers owing to the discrepancies previously detected [10,11]. This implies that the body
of knowledge in this research area, notably in the former, i.e., more than half of existing
studies (for a systematic review, see [8]), may not always apply to developing players. In
addition to age, the time of day has some impact on young players’ performance based on
the assumption that a single age group may encompass players with distinct chronotype
profiles [12]. Although previous studies controlled such variables when testing within- or
between-session variability of SSGs in youth soccer (e.g., performed testing at the same time
across different days [13–16]), it remains questionable whether these may be representative
for whole samples. As such, it is still necessary to gather information about SSG variability
considering distinct periods of the day.

Research conducted on soccer players [15] indicates that either 2v2 or 4v4 SSGs are
reproducible in under-19 (mean aged 16.3 years) players on a day-to-day and between-day
basis whilst increases in game format tended to decrease control over the SSG intensity. In
a follow-up study, contrasting results were reported for the same population and a similar
experimental approach with no such evident influence of game format on the physiological
variability of SSGs across time was used [9].

It is recognized that combining data collection and analysis of player effort, skill out-
puts, and psychological aspects (e.g., respectively, heart rate responses, ball handling, and
enjoyment) is important in promoting a holistic approach to understanding SSGs [14,17–19].
While preliminary studies are available as aforementioned, with no consensus regarding
SSG format effects on the variability of physiological parameters [9,15], the examination of
additional features of SSGs such as technical–tactical and individual engagement is lacking
in assessing its within- and between-session variability considering youth soccer athletes
in particular [8]. It is particularly important to control the within- and between-player vari-
ability since the stimulus and volume of the demands imposed can propitiate asymmetries
in the dose provided to each player which may expose players to under or over-stimulus. A
consistent under- or over-exposure to training load may enhance the risk of bad adaptations
or ultimately increase the risk of injury. Understanding within and between players’ vari-
ability in typical drills used in soccer training (as the SSGs) may help coaches to understand
how to manage the implementation of SSGs and adjust them based on the players’ needs.
Therefore, the present study aimed to investigate the within/between-session variability of
physiological and locomotor responses during small-sided games (3v3 and 5v5) in young
male soccer players.
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2. Materials and Methods
2.1. Experimental Approach to the Problem

This study followed a repeated-measures study design. Twenty soccer players were
enrolled in a study design in which the SSGs formats 3v3 and 5v5 were performed con-
secutively across four days (Table 1). The study was performed early in the season, two
weeks after the beginning of the season. The study occurred after 24-h of rest (regarding the
latest match), and was performed in the following environmental conditions: 3v3, day 1,
(time period: 17:00 h; temperature:17 ◦C; relative humidity: 65%); 3v3, day 2, (time period:
17:00 h; temperature: 15 ◦C; relative humidity: 65%); 3v3, day 3, (time period: 17:00 h;
temperature: 18 ◦C; relative humidity: 50%); 3v3, day 4, (time period: 17:00 h; temperature:
19 ◦C; relative humidity: 48%); 5v5, day 1, (time period: 17:00 h; temperature: 21 ◦C;
relative humidity: 65%); 5v5, day 2, (time period: 17:00 h; temperature: 16 ◦C; relative
humidity: 53%); 5v5, day 3, (time period: 17:00 h; temperature: 18 ◦C; relative humidity:
65%); 5v5, day 4, (time period: 17:00 h; temperature: 20 ◦C; relative humidity: 55%).

Table 1. Study design.

Day 1 Day 2 Day 3 Day 4 Day 1 Day 2 Day 3 Day 4

Match
day

Day
off

Warm-up
FIFA 11+

Warm-up
FIFA 11+

Warm-up
FIFA 11+

Warm-up
FIFA 11+

Day
off

Match
day

Day
off

Warm-up
FIFA 11+

Warm-up
FIFA 11+

Warm-up
FIFA 11+

Warm-up
FIFA 11+

Format:
5v5

Pitch: 50
× 31 m

Area per
player:
155 m2

Length
per width
ratio: 1.6

Time:
5 min
Small

goal in
the center

No
offside

Format:
5v5

Pitch: 40
× 25 m

Area per
player:
100 m2

Length
per width
ratio: 1.6

Time:
5 min
Small

goal in
the center

No
offside

Format:
5v5

Pitch: 50
× 31 m

Area per
player:
155 m2

Length
per width
ratio: 1.6

Time:
5 min
Small

goal in
the center

No
offside

Format:
5v5

Pitch: 40
× 25 m

Area per
player:
100 m2

Length
per width
ratio: 1.6

Time:
5 min
Small

goal in
the center

No
offside

Format:
3v3

Pitch: 39
× 24 m

Area per
player:
156 m2

Length
per width
ratio: 1.6

Time:
3 min
Small

goal in
the center

No
offside

Format:
3v3

Pitch: 32
× 19 m

Area per
player:
101 m2

Length
per width
ratio: 1.7

Time:
3 min
Small

goal in
the center

No
offside

Format:
3v3

Pitch: 39
× 24 m

Area per
player:
156 m2

Length
per width
ratio: 1.6

Time:
3 min
Small

goal in
the center

No
offside

Format:
3v3

Pitch: 32
× 19 m

Area per
player:
101 m2

Length
per width
ratio: 1.7

Time:
3 min
Small

goal in
the center

No
offside

Recovery
3 min

Recovery
3 min

Recovery
3 min

Recovery
3 min

Recovery
3 min

Recovery
3 min

Recovery
3 min

Recovery
3 min

Format:
5v5

Pitch: 40
× 25 m

Area per
player:
100 m2

Length
per width
ratio: 1.6

Time:
5 min
Small

goal in
the center

No
offside

Format:
5v5

Pitch: 50
× 31 m

Area per
player:
155 m2

Length
per width
ratio: 1.6

Time:
5 min
Small

goal in
the center

No
offside

Format:
5v5

Pitch: 40
× 25 m

Area per
player:
100 m2

Length
per width
ratio: 1.6

Time:
5 min
Small

goal in
the center

No
offside

Format:
5v5

Pitch: 50
× 31 m

Area per
player:
155 m2

Length
per width
ratio: 1.6

Time:
5 min
Small

goal in
the center

No
offside

Format:
3v3

Pitch: 32
× 19 m

Area per
player:
101 m2

Length
per width
ratio: 1.7

Time:
3 min
Small

goal in
the center

No
offside

Format:
3v3

Pitch: 39
× 24 m

Area per
player:
156 m2

Length
per width
ratio: 1.6

Time:
3 min
Small

goal in
the center

No
offside

Format:
3v3

Pitch: 32
× 19 m

Area per
player:
101 m2

Length
per width
ratio: 1.7

Time:
3 min
Small

goal in
the center

No
offside

Format:
3v3

Pitch: 39
× 24 m

Area per
player:
156 m2

Length
per width
ratio: 1.6

Time:
3 min
Small

goal in
the center

No
offside

2.2. Participants

Participants were enrolled based on convenience sampling. The sample size was
calculated a priori in G*power (version 3.1.9.6.). For a power of 0.80 and an effect size
of 0.5 (medium), the recommended total sample was 21. From the initial recruitment of
twenty-four players, twenty male youth soccer players (16.8 ± 0.4 years old; 6.4 ± 0.7 years
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of experience; 167.9 ± 3.4 cm of stature; 65.4 ± 6.4 kg of body mass) belonging to the same
team competing in the regional/national level voluntarily participated in this study. Four
players from the initial twenty-four were excluded due to them being goalkeepers (n = 3)
and missed one assessment (n = 1). The players were typically involved in five training
sessions per week, plus one official match. Each training session lasted about 90 min. The
eligibility criteria for being enrolled in the study were: (i) an outfield player; (ii) not injured
in the last month before the experimental data collection and not present any signals or
reports of injury or illness on the days of data collection; (iii) did not miss any of the data
collection moments or repetitions performed; and (iv) did not take any drugs or energy
drinks or changed any of their daily dietary routines.

2.3. Physical Fitness Assessment

The participants were preliminarily analyzed for their final locomotor profile. In the
week before starting the observation, they were tested for the maximal sprint speed in a
30-m sprint test and for their ability to perform repeated efforts in the 30–15 Intermittent
Fitness test. The data collection was preceded by a 24-h rest and occurred in the afternoon
(5 pm). The players performed a standardized warm-up protocol (FIFA 11+). After that,
they rested for 3 min and started the 30-m sprint speed assessment. They started with a
split position (using the preferred leg in front), and the peak speed was assessed using a
Polar Team Pro GPS (10 hz, Polar, Kempele, Finland) which was confirmed for the validity
and reliability to estimate their peak speed in the previous study. After performing two
trials of the 30-m sprint (interspaced by 5 min rest), they recovered for 3 min and followed
the 30–15 Intermittent Fitness tests. The original protocol was implemented, and the final
velocity completed was registered as the main outcome. For the case of maximal sprint
speed, the best speed in the two trials was considered the main outcome.

2.4. Small-Sided Games

The formats 3v3 and 5v5 without a goalkeeper were implemented based on the
characteristics presented in Table 1. Players were grouped into teams by their coaches. The
same teams faced the same opponents at all times (bouts and different days) aiming to
minimize the contextual variation influence. All the formats were preceded by the FIFA11+
warm-up protocol [20]. Four balls were positioned around the pitches aiming to quickly
replace the ball in case of going out of boundaries. No verbal encouragement was conceded
during the games.

2.5. Heart Rate (HR) and Locomotor Demands

The heart rate and locomotor demands were monitored using the Polar Team Pro (Po-
lar, Finland) which is confirmed for its reliability to measure the demands analyzed [21,22].
The sensor was positioned in the center of the chest while using a band. Each player always
used the same unit in order to avoid inter-unit variability. The following measures were
obtained per game: minimum heart rate (HRmin); average heart rate (HRmean); peak
heart rate (HRpeak); peak speed; average speed; distance covered per minute; distance
covered at zone 1 (Z1: 3.00 to 6.99 km/h) per minute; distance covered at zone 2 (Z2: 7.00 to
10.99 km/h) per minute; distance covered at zone 3 (Z3: 11.00 to 14.99 km/h) per minute;
distance covered at zone 4 (Z4: 15.00 to 18.99 km/h) per minute; distance covered at zone 5
(Z5: >19.00 km/h) per minute.

2.6. Statistical Procedures

The descriptive statistics were presented in form of mean and standard deviation.
The coefficient of variation (expressed as a percentage) was calculated to analyze within-
player variability (variability of the player across different days for the same condition)
and between-player variability (heterogeneity of the responses for a specific game and
condition). The normality of the sample was not verified in all the measures; however, since
the data were greater than 30, we have assumed normality by the Central Limit Theorem.
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A repeated measures ANOVA was performed to compare the within-players variability
obtained in each game (format and pitch dimension). Moreover, for each format of play
and pitch dimension, a repeated measures ANOVA was tested (aiming to analyze between
training-days variation). Partial eta squared was used to calculate the effect size. Bonferroni
was used as a post hoc test in the pairwise comparisons. The statistical procedures were
executed in the SPSS (version 28.0.0.0, IBM, Chicago, IL, USA) for a p < 0.05.

3. Results

The physical fitness assessment revealed that players presented a maximal speed
sprint of 28.7 ± 2.8 km/h and a final velocity in the 30–15 Intermittent Fitness test of
15.2 ± 1.3 km/h. Descriptive statistics of between-training sessions variability can be found
in Table 2 for 3v3 and Table 3 for 5v5 formats. While the maximum heart rate presented in
the smaller coefficient of variation in 3v3 played at 39 × 24 m (3.2% to 11.1%) and 32 × 19 m
(3.1% to 8.9%), the distance covered at Z5 presented the greater coefficient of variation in
3v3 played at 39 × 24 m (82.5% to 289.8%) and 32 × 19 m (91.1% to 195.7%).

Similarly, the maximum heart rate presented a smaller coefficient of variation in 5v5
played at 50 × 31 m (6.6% to 16.9%) and 40 × 25 m (7.0% to 15.2%) and a greater coefficient
of variation in distance covered at Z5 in 5v5 played at 50 × 31 m (103.7% to 221.1%) and
40 × 25 m (94.0% to 156.8%).

Table 4 presents the descriptive statistics of the within-player variability across the
different training sessions performed for each format of play. Additionally, Figures 1–5
present the within-player variability in a graphical representation. The repeated measures
ANOVA tested the differences in coefficient of variation between formats and pitch dimen-
sions. The repeated measures ANOVA revealed that the four games tested were different
in the within-player variability considering the maximum heart rate (p = 0.032; η2

p = 0.172),
the total distance (p < 0.001; η2

p = 0.441), the distance at Z1 (p < 0.001; η2
p = 0.745), the

distance at Z2 (p < 0.001; η2
p = 0.444), and the distance at Z5 (p < 0.001; η2

p = 0.394). The 3v3
played at 39 × 24 m presented the greater CV% in total distance (34.8 ± 10.5), distance
at Z1 (60.3 ± 13.8), the distance at Z2 (52.8 ± 14.0), and the distance at Z5 (170.5 ± 27.6).
On the other hand, the 5v5 played at 50 × 31m presented a smaller CV% in the total
distance (18.4 ± 8.4), the distance at Z1 (19.6 ± 10.1), the distance at Z2 (32.2 ± 13.5), and
the distance at Z5 (113.7 ± 38.5).

The between-session analysis for each game was performed using a repeated measures
ANOVA. In the case of format 3v3 played at 39 × 24 m (Table 5), significant differences were
found between sessions on HRmean (p = 0.001; η2

p = 0.303), HRpeak (p = 0.023; η2
p = 0.189),

total distance (p = 0.005; η2
p = 0.281), distances at Z1 (p = 0.001; η2

p = 0.422), Z2 (p = 0.007;
η2

p = 0.255), Z4 (p = 0.006; η2
p = 0.196), Z5 (p = 0.002; η2

p = 0.324), and peak speed (p < 0.001;
η2

p = 0.330). In the case of 3v3 played at 32 × 19 m (Table 5), significant differences were
found between sessions on the total distance (p = 0.003; η2

p = 0.301), distances at Z1 (p = 0.007;
η2

p = 0.259), Z2 (p = 0.001; η2
p = 0404), Z4 (p = 0.009; η2

p = 0.220), and peak speed (p = 0.037;
η2

p = 0.180).
The between-session analysis for each game was performed using a repeated measures

ANOVA. In the case of format 5v5 played at 50 × 31 m (Table 6), no significant differences
between sessions were found for any of the main outcomes. In the case of 5v5 played
at 40 × 25 m (Table 6), significant differences were found between sessions on the total
distance (p < 0.001; η2

p = 0.291), distances at Z1 (p < 0.001; η2
p = 0.377), Z4 (p = 0.008;

η2
p = 0.225), Z5 (p < 0.001; η2

p = 0.438), and peak speed (p = 0.012; η2
p = 0.174).
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Table 4. Within-player variability (CV%) in both formats and pitch dimensions.

3v3 (39 × 24 m)
All

WPV
(CV%)

3v3 (32 × 19 m)
All

WPV
(CV%)

5v5 (50 × 31 m)
All

WPV
(CV%)

5v5 (40 × 25 m)
All

WPV
(CV%)

Repeated
Measures
ANOVA

p|η2
p

HRmean (bpm) 7.9 ± 4.0 8.7 ± 4.1 11.9 ± 6.5 11.1 ± 7.1 0.089|0.126

HRpeak (bpm) 6.0 ± 4.3 6.5 ± 4.1 10.3 ± 6.7 10.4 ± 6.3 0.032|0.172

Total distance (m) 34.8 ± 10.5 b,c,d 23.0 ± 7.2 a 18.4 ± 8.4 a,d 26.0 ± 8.2 a,c <0.001|0.441

Distance at Z1 (m) 60.3 ± 13.8 c,d 53.1 ± 19.1 c,d 19.6 ± 10.1 a,b 20.4 ± 7.7 a,b <0.001|0.745

Distance at Z2 (m) 52.8 ± 14.0 c,d 46.3 ± 14.4 c,d 32.2 ± 13.5 a,b 32.7 ± 12.7 a,b <0.001|0.444

Distance at Z3 (m) 51.2 ± 20.5 62.8 ± 20.9 51.1 ± 24.7 52.9 ± 21.9 0.208|0.076

Distance at Z4 (m) 77.5 ± 31.7 83.0 ± 29.1 68.3 ± 23.8 79.4 ± 33.9 0.457|0.044

Distance at Z5 (m) 170.5 ± 27.6 c,d 158.6 ± 32.3 c 113.7 ± 38.5 a,b 139.7 ± 33.9 a <0.001|0.394

Peak speed (km/h) 22.1 ± 9.5 25.0 ± 9.9 17.0 ± 10.5 18.6 ± 8.8 0.052|0.146

WPV: within-player variability (average of within-players repeated measures across the days); CV%: coefficient
of variation expressed as percentage; a: significantly different from 3v3 (39 × 24 m) at p < 0.05; b: significantly
different from 3v3 (32 × 19 m) at p < 0.05; c: significantly different from 5v5 (50 × 31m) at p < 0.05; d: significantly
different from 5v5 (40 × 25 m) at p < 0.05.

Table 5. Descriptive statistics (mean and standard deviation) of heart rate and locomotor demands
between sessions in regard to the 3v3 format.

3v3 (39 × 24 m)
Day1

3v3 (39 × 24 m)
Day2

3v3 (39 × 24 m)
Day3

3v3 (39 × 24 m)
Day4

Repeated Measures
ANOVA

p|η2
p

HRmean (bpm) 157.0 ± 17.3 c,d 170.4 ± 12.1 172.8 ± 10.1 a 174.8 ± 8.0 a 0.001|0.303

Hrpeak (bpm) 176.2 ± 19.6 187.0 ± 6.5 184.2 ± 9.4 189.4 ± 6.1 0.023|0.189

Total distance (m) 324.3 ± 108.9 c 384.6 ± 111.7 489.5 ± 150.4 a,d 343.9 ± 69.1 c 0.005|0.281

Distance at Z1 (m) 79.0 ± 25.5 c,d 78.2 ± 39.3 d 41.1 ± 42.9 a,d 115.2 ± 31.8 a,b,c 0.001|0.422

Distance at Z2 (m) 153.6 ± 43.5 d 165.5 ± 92.8 215.9 ± 89.5 d 112.4 ± 53.6 a,c 0.007|0.255

Distance at Z3 (m) 50.5 ± 47.8 61.9 ± 24.7 78.1 ± 30.8 65.9 ± 17.5 0.092|0.116

Distance at Z4 (m) 20.7 ± 24.5 c 35.0 ± 20.3 46.7 ± 22.8 a 29.8 ± 22.4 0.006|0.196

Distance at Z5 (m) 14.3 ± 41.3 c 40.1 ± 59.8 104.1 ± 85.8 a,d 13.3 ± 32.5 c 0.002|0.324

Peak speed (km/h) 17.1 ± 5.0 b,c 22.0 ± 3.6 a 23.5 ± 4.1 a,d 20.0 ± 2.6 c <0.001|0.330

3v3 (32 × 19 m)
Day1

3v3 (32 × 19 m)
Day 2

3v3 (32 × 19 m)
Day 3

3v3 (32 × 19 m)
Day 4

Repeated Measures
ANOVA

p|η2
p

Hrmean (bpm) 162.6 ± 15.8 169.0 ± 11.4 173.1 ± 15.9 168.2 ± 15.9 0.213|0.075

Hrpeak (bpm) 177.9 ± 17.6 186.7 ± 5.8 187.3 ± 9.6 182.7 ± 16.3 0.138|0.100

Total distance (m) 409.9 ± 85.4 d 435.8 ± 117.7 d 454.8 ± 67.4 d 331.3 ± 54.3 a,b,c 0.003|0.301

Distance at Z1 (m) 76.5 ± 31.9 d 76.8 ± 46.1 53.4 ± 36.6 d 103.1 ± 18.1 a,c 0.007|0.259

Distance at Z2 (m) 233.6 ± 84.9 d 172.3 ± 84.1 245.7 ± 74.2 d 123.0 ± 20.2 a,c 0.001|0.404

Distance at Z3 (m) 37.5 ± 39.2 b 84.9 ± 24.5 a,c 53.9 ± 32.5 b 71.2 ± 38.5 0.001|0.289

Distance at Z4 (m) 25.6 ± 29.1 43.0 ± 25.2 d 45.9 ± 22.1 d 20.6 ± 14.8 b,c 0.009|0.220

Distance at Z5 (m) 32.0 ± 62.6 51.2 ± 76.0 54.3 ± 49.5 d 4.6 ± 7.1 c 0.066|0.151

Peak speed (km/h) 17.8 ± 6.2 b 21.5 ± 3.5 a,d 22.1 ± 4.9 d 18.0 ± 3.2 b,c 0.037|0.180

a: significantly different from 3v3 (39 × 24 m) at p < 0.05; b: significantly different from 3v3 (32 × 19 m) at p < 0.05;
c: significantly different from 5v5 (50 × 31 m) at p < 0.05; d: significantly different from 5v5 (40 × 25 m) at p < 0.05.
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Table 6. Descriptive statistics (mean and standard deviation) of heart rate and locomotor demands
between sessions in regard to the 5v5 format.

5v5 (50 × 31 m)
Day1

5v5 (50 × 31 m)
Day2

5v5 (50 × 31 m)
Day3

5v5 (50 × 31 m)
Day4

Repeated Measures
ANOVA

p|η2
p

HRmean (bpm) 164.6 ± 17.3 165.4 ± 12.2 154.9 ± 30.5 160.8 ± 13.3 0.357|0.053

Hrpeak (bpm) 182.3 ± 15.7 190.0 ± 16.1 170.9 ± 28.9 183.9 ± 12.2 0.062|0.136

Total distance (m) 486.2 ± 104.9 555.8 ± 78.3 529.8 ± 124.8 531.8 ± 71.0 0.197|0.078

Distance at Z1 (m) 199.8 ± 39.5 212.8 ± 36.8 207.5 ± 51.6 181.9 ± 32.1 0.128|0.100

Distance at Z2 (m) 125.6 ± 51.0 148.1 ± 43.0 148.5 ± 50.0 156.0 ± 38.9 0.187|0.080

Distance at Z3 (m) 84.6 ± 42.6 96.5 ± 38.6 86.5 ± 64.7 112.6 ± 43.4 0.263|0.067

Distance at Z4 (m) 35.3 ± 24.0 44.5 ± 29.0 45.7 ± 38.6 41.3 ± 25.5 0.703|0.024

Distance at Z5 (m) 14.4 ± 14.9 34.1 ± 75.3 28.4 ± 31.6 13.8 ± 16.1 0.323|0.056

Peak speed (km/h) 20.9 ± 2.5 21.5 ± 2.9 19.7 ± 6.0 21.5 ± 3.6 0.389|0.049

5v5 (40 × 25 m)
Day1

5 v5 (40 × 25 m)
Day 2

5v5 (40 × 25 m)
Day 3

5v5 (40 × 25 m)
Day 4

Repeated Measures
ANOVA

p|η2
p

Hrmean (bpm) 168.6 ± 14.3 160.8 ± 26.6 163.4 ± 22.3 166.4 ± 14.1 0.668|0.027

Hrpeak (bpm) 183.6 ± 12.9 179.7 ± 27.2 181.7 ± 22.4 190.1 ± 16.2 0.464|0.044

Total distance (m) 522.0 ± 97.0 522.6 ± 109.7 413.9 ± 132.9 596.8 ± 103.8 <0.001|0.291

Distance at Z1 (m) 207.1 ± 28.8 227.2 ± 37.4 174.4 ± 46.5 176.9 ± 27.6 <0.001|0.377

Distance at Z2 (m) 146.8 ± 56.5 137.5 ± 47.2 108.1 ± 43.5 134.0 ± 36.8 0.054|0.124

Distance at Z3 (m) 94.1 ± 39.7 d 82.6 ± 53.1 65.1 ± 42.4 64.4 ± 32.9 a 0.075|0.113

Distance at Z4 (m) 40.4 ± 25.4 39.8 ± 29.2 33.9 ± 29.6 78.0 ± 54.8 0.008|0.225

Distance at Z5 (m) 13.8 ± 17.5 d 19.2 ± 25.7 d 14.8 ± 23.2 d 127.6 ± 119.9 a,b,c <0.001|0.438

Peak speed (km/h) 20.7 ± 2.9 d 20.0 ± 4.9 d 20.1 ± 3.9 d 23.7 ± 2.8 a,b,c 0.012|0.174

a: significantly different from 3v3 (39 × 24 m) at p < 0.05; b: significantly different from 3v3 (32 × 19 m) at p < 0.05;
c: significantly different from 5v5 (50 × 31 m) at p < 0.05; d: significantly different from 5v5 (40 × 25 m) at p < 0.05.
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Figure 2. Descriptive statistics of total distance and distance covered at Z1 over the different formats,
pitch dimensions, and days.
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Figure 3. Descriptive statistics of distances covered at Z2 and Z3 over the different formats, pitch
dimensions, and days.
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Figure 4. Descriptive statistics of distances covered at Z4 and Z5 over the different formats, pitch
dimensions, and days.
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Figure 5. Descriptive statistics of peak speed over the different formats, pitch dimensions, and days.

4. Discussion

The current research reveals that locomotor demands present greater between-session
and within-player variability than heart rate responses. Additionally, it was found that 3v3
small-sided game formats promote smaller within-player variability in heart rate responses,
yet promote greater locomotor demand variability than the 5v5 format.

One of the concerns in training prescription is projecting the dose for the players. The
act of designing small-sided games is complex since many task constraints can be used
in combination and some of them can contribute to changing behaviors that are naturally
associated with variation in players’ responses [6]. In our study, we tried to identify how
physiological and locomotor players’ responses can vary across four consecutive days for
the same games. The within-player variability revealed that heart rate responses are more
stable, and the coefficients of variation are, on average, between 6.0 and 11.9% for maximum
and mean heart rate. These values are slightly higher than those reported by previous
studies on the variability of heart rate responses in the same small-sided games [4,15,23],
yet they confirm that physiological responses are relatively reproducible across the days
and conditions. The games played no effect on the within-players variability in heart rate
mean, although significant differences were found between games on the maximum heart
rate. On average, the 3v3 varied between 6.0% and 6.5% of the coefficient of variation,
while 5v5 games ranged from 10.3% to 10.4%. The fact that smaller formats of play induce
smaller variability can be associated with the time of repetition (3 min) and the fact that, in
the 3v3 format, the levels of participation were more equal [24]. Interestingly, this finding
may help coaches in the training prescription, since 3v3 induces values closer to those
necessary for developing aerobic power [1], and these stable values presented by players
across sessions can help coaches to trust in the 3v3 format to induce a similar physiological
stimulus while prescribing small-sided games for targeting aerobic power [25].

On the other hand, locomotor demands presented great levels of within-players
variability. While the total distance covered presented coefficients of variation between 18%
and 35% in the games tested, the distances covered by different speed thresholds revealed a
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progressive increase of within-player variability. The distance covered at running intensity
Z5 was about 113% and 171% in the games tested. These values and tendencies are
aligned with previous studies [26,27] which suggested that distances covered with higher
intensities are the same with greater within-player variability. Considering that the small-
sided games shared the dynamics of the game and are dependent on the tactical behaviors
and contextual factors [28], it is expected that intensities can vary based on the moment
and tactical dimension of the game [29]. Interestingly, it was observed that the 5v5 format
presented a significantly smaller coefficient of variations for within-player variability (e.g.,
total distance covered, distances covered at Z1, Z2, and Z5) which suggests that possibly
bigger formats of play may offer a more stable pattern of locomotor profile. This can be
associated with the playing position which will be more structured in formats with a greater
number of players as in 5v5. In the case of 3v3, the players will not have a specific position
(or, at least, not so structured) which will increase the participation from game to game.

A descriptive observation allowed also us to identify the heterogeneity level in which
the game (between players) was smaller in heart rate responses and greater in locomotor
demands. Using small-sided games as the format of exercise for prescribing physical
stimulus is challenging since the game is dynamic. The heterogeneity between players is
expectable based on the dynamic of the game as well. Between-player variability varied
from 3.2% to 11.1% in the worst case for the heart rate responses in the 3v3 games performed,
while it varied from 7.0% to 19.7% in the 5v5 format. This means that 5v5 may induce
a greater inter-player variability. This can be caused by the greater number of players
participating in the game and by the fact that tactical positions assumed by the players
may interact to explain these varieties in the physiological stimulus. However, greater
variabilities occur in locomotor demands as in the case of distance covered at Z5 in 3v3
in which variabilities between players achieved 245% of the coefficient of variation, while
in the 5v5, dropped to a maximum of 221.1%. Coaches must be attentive to this between-
player variability since locomotor demands are commonly considered for the identification
of neuromuscular stimuli. Considering that Z5 corresponds to the sprint zone, and keeping
in mind that sprint is one of the most important neuromuscular stimuli for players, some
players can suffer in small-sided games by under or over-stimulation.

4.1. Study Limitations

This study presents some limitations. The small sample included is one of the limi-
tations that should be considered as a potential bias. Another limitation is convenience
sampling. All the players were part of the same team, which should be faced as a bias
for generalization of the evidence. Thus, any conclusion should not be observed as an
irrefutable finding and requires more observations to be confirmed. Moreover, this study
tested repeated measures on consecutive days which, in fact, can interfere with the way
players respond day-by-day. However, this is also an issue for the practice in which specific
formats are applied in different contextual scenarios. Another limitation is that some
thresholds (heart rate, speed thresholds) are associated with physical fitness, which makes
it harder to detect stable values. For example, speed thresholds are player-dependent which
means that some thresholds (exempla as sprint) may not start at the same velocity for all.
Future research should consider increasing the number of weeks observed (to have a real
repeated measure considering the one-game format played on the same day of the week).
Moreover, increases in the number of players will favor the generalization of the findings.
Finally, other measures that can better describe the anaerobic contribution as blood lactate
concentrations must be considered in future research to identify the influence of the most
intense SSGs.

4.2. Practical Applications

The current research may provide some practical applications. In this case, the 3v3
format must be used by coaches for an aerobic power stimulus, since it seems to be more
stable in terms of stress on heart rate. On the other hand, in the case of aiming to focus on
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locomotor demands, possibly adjusting the format for medium-sided games (as in 5v5) can
be better, since the values are less variable across the sessions.

5. Conclusions

The current research suggests that within- and between-player variability occurs in
small-sided games; however, they are associated with the formats and task constraints
implemented. The results indicate that heart rate responses are less variable in 3v3 formats,
while locomotor demands are less variable in 5v5 formats. Additionally, it is observed that
between-player variability is smaller in heart rate responses than in locomotor demands.
The results come from a small sample and convenience sampling. Thus, these results
are context-dependent which should be faced as a limitation for the generalization of the
findings. Future studies should be conducted to confirm or refute the evidence. The next
studies must include more players to increase the sample size. Additionally, different teams
and populations must be included for a more robust analysis. Finally, consideration for
moderators and mediators such as training status, skill level, and moment of the season
must be also included.
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Abstract: Although data currently exists pertaining to the intensity in the women’s football match,
the knowledge about training is still scarce. Therefore, the aim of this study was to quantify external
(locomotor activity) and internal (psychophysiological) intensities, as well as the wellness profile of the
typical microcycle from professional female soccer players during the 2019/20 in-season. Ten players
(24.6 ± 2.3 years) from an elite Portuguese women soccer team participated in this study. All variables
were collected in 87 training session and 15 matches for analysis from the 2019–2020 in-season. Global
positioning variables such total distance, high-speed running, acceleration, deceleration and player
load were recorded as intensity while Rated Perceived Exertion (RPE) and session-RPE were recorded
as internal measures. The Hooper Index (HI) was collected as a wellness parameter. The results
showed that internal and external intensity measures were greater in matches compared to trainings
during the week (match day minus [MD-], MD-5, MD-4, MD-2), p < 0.05 with very large effect size
(ES). In the same line, higher internal and external intensity values were found in the beginning
of the week while the lowest values were found in MD-2 (p < 0.05, with very large ES). Regarding
wellness, there was no significant differences in the HI parameters between the training days and
match days (p > 0.05). This study confirmed the highest intensity values during MD and the lowest
on the training session before the MD (MD-2). Moreover, higher training intensities were found in the
beginning of the training week sessions which were then reduced when the MD came close. Wellness
parameters showed no variation when compared to intensity measures. This study confirmed the
hypothesis regarding internal and external intensity but not regarding wellness.

Keywords: external load; female; football; Hooper Index; internal load; load; match; training load
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1. Introduction

The number of women’s soccer participants is growing [1–3] which contributes to the
progressive raising of publications related to the topic (in the PubMed, a simple search
by “women” AND “soccer” revealed an increment of publications from 75 in 2019 to
125 in 2021). This reveals the concerns of community science to offer more evidence
to practical community. Currently, it is recognized that women soccer players covers
about 10 to 11 km (km) per professional match [4]. From those km, high-intensity running
(18–25 km/h) demands can vary between 718 [4] and 3000 m [5]. These range values are
dependent from competitive level, playing position, age-group or event moment of the
season and physical fitness [6,7].

Since soccer demands in women soccer are intermittent, this represents a mixed
contribution of energetic systems to support the intensities presented in match [7]. Although
a greater contribution of low-to-moderate activities, which is consistent with greater aerobic
participation, anaerobic systems are also part of the process considering that blood lactate
concentrations can vary between 2 and 7 mmol/L [8], and the average heart rate responses
in adult women soccer players is around 87% of maximum heart rate [6].

In addition to a well-known knowledge regarding match demands, it is still needed
some research to characterize the training process [2]. As an example, a study conducted in
elite women soccer players [9] revealed that in the first part of the season a heavy intensity
week (week 16) may present 357 arbitrary units (AU) in average per session, while a low
intensity week (week 13) may be about 210 AU (values only included weeks with four
training sessions, while matches were not included) (considering the multiplication of time
of sessions in minutes by the score in a 10-point rate of perceived exertion scale). In the
same study, it was found that in a heavy week women player may cover 5090 m per session,
while in a low week the average drops to 3870 m [9].

Possibly, these week variations can be affected by the intensities imposed between
days of the microcycle. As an example, a study conducted with senior international women
players in which was found intra-week variations, in particular greater values of physical
and physiological demands in match day (MD)-5 (five days before next match), followed
by a progressive intensity decrease until MD-1 [10]. Considering the locomotor activity
demands, these intra-week variations can also influence some wellness outcomes. In this
sense, a systematic review [11] revealed that the level of a negative correlation between
wellness measures (e.g., sleep quality, mood, fatigue, delayed onset muscle soreness, stress)
and physiological/physical and locomotor activity demands was small-to-moderate (in
general, when there were higher training intensity, the wellness decreased). Even so, the
previous systematic review highlighted that not all research was able to find such relation-
ships due to different study designs, methodologies and statistical analysis approaches [11].
Nonetheless, it can be expected to observe intra-week variations of training intensity as
well as wellness.

Although there are some cases of studies characterising soccer intra-week variations
regarding physiological and locomotor activity demands, and wellness in women soccer, is
still need greater research which helps to characterize how the periodization occurs. This
type of evidence (intra-week variation) is well-established for men in the last decade where
it was observed a tapering on the physiological and locomotor activity demands in last
two days before match [12–14]. In the case of women, more research is needed to provide
possibilities for comparisons between scenarios and contexts. This may help to characterise
the reality of training process in professional women soccer players.

Thus, the purpose of this study was to quantify external (locomotor activity) and
internal (psychophysiological) intensities, as well as the wellness profile of the typical
microcycle from professional women soccer players during the 2019/20 in-season. For this
purpose, the match day minus (MD-) approach used in previous studies was applied for
data analysis [14–16]. It was hypothesized that the training session intensity and Hooper
Index values are lower on the training day closer to the next match and that match-day
presents the highest intensity of the week.
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2. Materials and Methods
2.1. Design

The observational period occurred during seven months, from September to March
(early-to-mid-season) due to the COVID-19 pandemic, which provoked the disruption
of training sessions and matches and the suspension of the season in March. Thus, the
observational cohort study contemplated 87 training session and 15 matches for analysis
from the 2019–2020 in-season.

The players belong to a team that participated in the BPI League, the women’s first
League in Portugal. A typical microcycle had three training session and one match per
week. For better clarity, the training session occurred in MD-5, MD-4 and MD-2. During
MD-3, MD-1 and in the day after the match, the athletes rested.

2.2. Participants

Similar to previous studies with small sample sizes [17–19], 10 elite women soccer
players with a professional experience of 4.9 ± 2.1 years, an age of 24.6 ± 2.3 years, a height
of 165 ± 6.0 cm (Seca 220, Hamburg, Germany), a body mass of 58.5 ± 9.3 kg (Seca 220,
Hamburg, Germany), and body mass index of 22.3 ± 3.8 kg/m2, participated in this study.
Moreover, the power of the sample size was estimated through G-Power [20]. The analysis
featured 99.2% of actual power, with a total of 10 participants with a p < 0.05 and effect-size
for 0.6.

We adopted inclusion/exclusion criteria from our previous studies [14,16,21,22] where
participants need to achieve a minimum of 80% of the training sessions and an average of
75 min from all matches, while the exclusion criteria were based on becoming injured, ill,
sick for two consecutive weeks. Only defenders (n = 3), midfielders (n = 4), and strikers
(n = 3) were included for analysis while goalkeepers were removed.

Before the beginning of the study, all explanations about the study design were pro-
vided to players. Then, a written informed consent was recorded from all participants. In
addition, the study was approved by the research Ethics Committee of the Polytechnic In-
stitute of Santarém, Santarém, Portugal (252020 Desporto) and it was developed according
to the requirements of the Declaration of Helsinki.

To control more outside factors that could influence the intensity and wellness over the
period of analysis, all participants were asked to maintain their normal diet throughout the
study period. To confirm their habits, nutritional intake questionnaire was used to record
a 24 h diet over seven days of the week. This procedure was applied in the first and last
week of the analysed period following the procedures of our previous study [21]. The size
of the food portions, supplements, and other aspects pertaining to an accurate recording of
their energy intake were addressed and reviewed for macronutrient composition and total
energy intake [23].

2.3. Internal Intensity Quantification

The CR10-point scale, adapted by Foster et al., was used 30 min after the end of
each training/match session [24]. To avoid non-valid values, all players were previously
familiarized with the scale and all answers were provided on google forms, through a
tablet. Then, each training/match session value was multiplied by the, respectively, session
duration to produce the s-RPE [24,25].

2.4. Wellness Quantification

The Hooper Index (HI, 1–7 scale) questionnaire was also used 30 min before each
training/match session. The same procedure described in the previous point was used
for data collection. This questionnaire has four questions: fatigue, stress, delayed onset
muscle soreness (DOMS) (in which 1 is very, very low and 7 is very, very high), and the
quality of sleep of the night that preceded the evaluation (in which 1 is very, very bad and
7 is very, very good). Moreover, to produce a final score of HI, data from all questions was
summed [26].
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2.5. External Intensity Quantification

A portable 10 Hz GPS device was used to collect external data (PlayerTek, Catapult
Innovations, Melbourne, Australia), which also incorporates a tri-axial 100 Hz accelerometer.
These types of GPS devices seem to be the most valid and reliable to use in team sports [27].

Ten minutes before each training session and match, PlayerTek devices were turned
on and the players were asked to use them. The devices were turned on and placed in
a specific customized vest pocket located on the posterior side of the upper torso fitted
tightly to the body, as is typically used in matches. The devices were placed and checked
always by the same coach of the team, and the players always used the same device [28].

The measures used for analysis were total distance, high-speed running distance
(≥ 15 km/h) [29], number of accelerations (ACC, >1–2 m.s−2 [ACC1]; >2–3 m.s−2 [ACC2];
>3–4 m.s−2 [ACC3]; >4 m.s−2 [ACC4]) and decelerations (DEC, <−1–2 m.s−2 [DEC1];
<−2–3 m.s−2 [DEC2]; <−3–4 m.s−2 [DEC3]; <−4 m.s−2 [DEC4]) maximal speed, average
speed and player load.

2.6. Statistical Analysis

Descriptive statistics (mean ± standard deviation, SD) were performed for all mea-
sures. All the variables were checked for normality and homoscedasticity, respectively,
using the Shapiro–Wilk and Levene tests. Then, repeated measures ANOVA with the
Bonferroni post hoc test was calculated to compare the training and match sessions. The
p-value ≤ 0.05 was used as significant and all the data were analysed using SPSS version
22.0 (SPSS Inc., Chicago, IL, USA) for the Windows statistical software package.

Finally, the Hedges effect-size (ES) was performed to determine the effect magnitude
through the difference of two means divided by the standard deviation from the data and
the following criteria were used: <0.2 = trivial, 0.2 to 0.6 = small effect, 0.6 to 1.2 = moderate
effect, 1.2 to 2.0 = large effect, and >2.0 = very large [30].

3. Results

Table 1 shows the MD- differences for duration and running distance variables between
training and match days. With the exception for duration, where MD-4 displayed the
highest value, all running-based variables showed to be significantly higher in MD with
very large effect sizes.

Table 1. External Intensity by running-based variables during training and matches for squad average
(mean ± SD).

Day Duration (min) Total Distance (m) Average Speed
(m/min)

Maximal Speed
(km/h) HSR (m)

MD-5 85.1 ± 2.8 5121.6 ± 82.2 a,b,c,* 60.6 ± 1.7 a,b,c,* 23.3 ± 0.5 c,* 306.5 ± 33.9 c,*
MD-4 90.9 ± 2.5 b,* 4638.6 ± 73.0 b,c,* 53.5 ± 1.8 b,c,* 23.5 ± 0.7 c,* 312.8 ± 38.2 c,*
MD-2 78.3 ± 2.1 3857.5 ± 73.0 c,* 47.8 ± 1.2 c,* 22.9 ± 0.5 c,* 311.3 ± 22.2 c,*
MD 87.2 ± 2.0 7616.1 ± 395.2 89.9 ± 5.4 26.7 ± 1.2 879.7 ± 102.2

MD, match-day; MD-, matchday minus (5, 4, 2); min, minutes; m, meters; HSR; high-speed running; a denotes
difference from MD-4; b denotes difference from MD-2; c denotes difference from MD; all p ≤ 0.05; * means a very
large effect size for all differences (>2.0).

Table 2 shows the MD- differences for accelerometery-based variables, namely, ACC,
DEC and player load between training and match days. With the exceptions of player load
in MD-5 and ACC4, all variables showed to be significantly higher in MD with very large
effect sizes.
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Table 2. External Intensity by accelerometery-based variables during training and matches for squad
average (mean ± SD).

MD
Player Load

(AU)
ACC1 ACC2 ACC3 ACC4 DEC1 DEC2 DEC3 DEC4

MD-5
284.4 ± 11.7

a,b,*
138.6 ± 7.6

b,c,*
80.9 ± 4.3

b,c,*
29.9 ± 2.7

a,b,*
9.6 ± 1.4

126.3 ± 6.8
b,c,*

77.8 ± 4.6
b,c,*

28.0 ± 2.4
b,c,*

11.8 ± 1.6
c,*

MD-4
263.4 ± 10.5

b,c,*
134.8 ± 6.7

b,c,*
79.8 ± 3.5

b,c,*
26.7 ± 2.5

b,c,*
7.5 ± 1.2

121.9 ± 5.6
b,c,*

77.6 ± 3.6
b,c,*

27.9 ± 2.2
b,c,*

11.2 ± 1.4
c,*

MD-2 222.6 ± 7.2 c,*
100.7 ± 4.1

c,*
52.9 ± 1.7

c,*
21.3 ± 1.3

c,*
9.8 ± 1.0

89.6 ± 4.1
c,*

56.0 ± 2.3
c,*

21.2 ± 1.3
c,*

9.7 ± 1.1 c,*

MD 324.4 ± 14.0 177.3 ± 8.2 106.8 ± 6.4 34.9 ± 3.4 10.3 ± 1.8 169.0 ± 4.8 98.8 ± 5.9 39.0 ± 4.1 18.9 ± 2.9

MD, match-day; MD- = matchday minus (5, 4, 2); AU, Arbitrary Units; ACC, acceleration; DEC, deceleration.
Both ACC and DEC were measured in number (counts); a denotes difference from MD-4; b denotes difference
from MD-2; c denotes difference from MD; all p ≤ 0.05; * means a very large effect size for all differences (>2.0).

Table 3 shows the MD- differences for internal intensity and wellness profile. While
variables from HI did not show any significant difference, both RPE and s-RPE showed to
be significantly higher in MD with very large effect sizes. There was an exception regarding
MD-5 versus MD for s-RPE that showed a large effect size instead of a very large.

Table 3. Internal Intensity and Wellness Profile during training and matches for squad average
(mean ± SD).

MD RPE (AU) s-RPE (AU) Fatigue (AU) Stress (AU) DOMS (AU)
Sleep Quality

(AU)
HI (AU)

MD-5 5.9 ± 0.3 b,c,* 508.3 ± 29.0 b,# 3.3 ± 0.2 3.6 ± 0.4 2.9 ± 0.3 3.6 ± 0.3 13.4 ± 0.8
MD-4 5.4 ± 0.2 b,c,* 473.7 ± 20.5 b,c,* 3.4 ± 0.2 3.1 ± 0.3 3.0 ± 0.3 3.4 ± 0.2 13.0 ± 0.7
MD-2 4.4 ± 0.3 c,* 353.5 ± 21.9 c,* 3.3 ± 0.2 3.2 ± 0.4 2.7 ± 0.2 3.3 ± 0.2 12.5 ± 0.7
MD 7.9 ± 0.3 604.7 ± 36.5 3.1 ± 0.1 3.0 ± 0.2 3.0 ± 0.2 3.3 ± 0.3 11.6 ± 0.8

MD, match-day; MD-, matchday minus (5, 4, 2); AU, Arbitrary Units; RPE, rated perceived exertion; s-RPE,
session-RPE; DOMS, delayed onset muscle soreness; HI, Total Hooper Index; a denotes difference from MD-4.
b denotes difference from MD-2. c denotes difference from MD; all p ≤ 0.05; # means a large effect size (>1.2–2.0);
* means a very large effect size for all differences (>2.0).

4. Discussion

The purpose of this study was to quantify external and internal intensities, as well as
the wellness profile of a typical microcycle in professional women soccer players during
the 2019/20 in-season. The present study indicated that internal and external intensity
measures were greater in MD than in weekday training sessions (MD-5, MD-4, MD-2).
Moreover, it was found that the wellness parameters (Hooper Index, HI) of the players did
not differ significantly between training sessions and matches. During the week, it was
observed that the internal and external intensity gradually decreased close to the match,
and even in the last two days before the match, there was a serious decrease in the intensity
measures so that the players could prepare for the match. Our results supported one part of
the hypothesis of the present study that confirmed that the training session intensity values
are lower on the training day closer to the next match and that match-day presents the
highest intensity of the week. On the other hand, our results did not support that Hooper
Index values are lower on the training day closer to the next match.

The present study revealed there was no significant difference in the HI parameters
between the three training days and match days in professional women soccer players.
Consistent with our results, recent studies reported no intra-week variations (between
match day and training sessions) in wellness variables in elite soccer players [13,14]. In our
study, it was seen that the wellness measures vary between 2 and 3 on average throughout
the microcycle in women soccer players. This result was in agreement with the study
carried out by Fernandes et al. [16]. Similarly, Clemente et al. [31] stated that basketball
players showed similar health profiles in both training and matches during normal and
congested weeks, and the health profiles of the players (very low DOMS, fatigue, and stress

95



Healthcare 2022, 10, 695

and very good sleep quality, around 2 on average) were quite well stated. This shows that
both training sessions and matches have similar effects on players and do not sufficiently
trigger stress factors. This result is also supported by Clemente et al. [31].

Concerning the RPE and s-RPE, our study demonstrated that MD-5 presented highest
intensity than MD-4 (session with highest training duration). Both MD-5 and MD-4
presented higher values than MD-2 (lowest intensity), which revealed a pyramid weekly
microcycle shape regarding internal intensity (lower intensity after and before in the
training sessions close to the match and higher intensity in the middle week training
sessions). Doyle et al. [10] found that the total training intensity in elite female football
players increased from MD-7 to MD-5 compared to other training sessions and peaked
at MD-5.

In the first and second training sessions of the week (MD-5 and MD-4), the players
were exposed to the greatest psychophysiological intensity, which was supported by the
study by Ispirlidis et al. [32] and that by Fernandes et al. [16], who noted that fatigue,
DOMS and total HI were significantly higher in MD-4 (second weekly training day) as
compared with other training and match days in soccer players. As in our study, Romero-
Moraleda et al. [29] also reported that training sessions in the middle of the week (MD-4
and MD-3) demonstrated greater intensities in professional female soccer players. Similarly,
Clemente et al. [31] stated that fatigue and stress were high due to the training intensity in
MD-4 (1st training day of the week) during normal and congested weeks, and accordingly,
sleep quality was quite low.

The present study indicated that the intensity of the training (RPE and s-RPE) grad-
ually decreased as the match day approached. Our results were in agreement with
Doyle et al. [10], who reported that the total training volume and intensity on both MD-3
and MD-1 decreased during the training sessions close to the match. Similarly, Romero-
Moraleda et al. [29] stated that lower intensities implemented in training sessions (MD
plus 1, [MD + 1] and MD-2) were closest to MD. Additionally, Malone et al. [15] noted
that the training intensity decreased in MD-1 compared to MD-2 and MD-5. In contrast,
Oliveira et al. [14] remarked that s-RPE value decreased in an imperfect order from MD-5
to MD-1 in elite male soccer players. In our study, HI scores did not show any change in the
days before the match day, which means that during the week, whereas the decrease in RPE
and s-RPE from MD-5 as the match day approaches, HI presented no changes. Previous
study of Haddad et al. [33] was in line with the present findings. Haddad et al. [33] reported
that HI parameters were not significant determinants of perceived effort during traditional
soccer training without excessive training intensity. On the other hand, Clemente et al. [34]
observed that the relationship between s-RPE and HI was significant and negative (small-
medium) in the weeks when there were two official matches and there was no relationship
between s-RPE and HI in the weeks when there was one match, as in our study.

Regarding the total distance covered and average speed, the total distance and average
speed gradually decreased as the match day approached and this variable reached the
highest values on the match day when compared with the training sessions. Consistent with
our results, Trewin et al. [35] reported that the female soccer players exhibited lower values
for the total distance covered (approx. 4000–5000 m) before the match compared to the other
training sessions. Similarly, recent study notified that the total distance covered by female
soccer players in the MD-2 (3024 ± 1220 m) was lower than in the MD-4 (4831 ± 860 m) and
MD-3 (4975 ± 1318 m) in an one-week training program [29]. Additionally, Doyle et al. [10]
noted that MD-5 and MD-2 were the most intense training sessions compared to other
training sessions in terms of total distance covered (5933.5 and 5151.5 m, respectively), very
high speed running (387.5 and 201 m, respectively) and sprint distance (187.5 and 49 m,
respectively) in elite female soccer players. Our results were supported by some studies
conducted on top elite male soccer players which indicated that the total distance covered
and average speed before the match decreased in MD-1 (in our study, MD-2) compared to
other training days (MD-5 and MD-4) [12,14,15,36].
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The gradual decrease in internal and external intensity towards the match in the weekly
program may be due to the content of the weekday training sessions. Indeed, Romero-
Moraleda et al. [29] showed that MD-2 included skill and strategy exercises applied to
reduce the training intensity before match day. The present study also used speed and
ACC exercises in the execution of skills and goal achievement during MD-2.

Furthermore, the present study demonstrated that the accelerometer-based variables,
namely ACC, DEC and player load (except ACC4), decreased from MD-5 to MD-2. In
addition, the fact that these variables were higher in MD-5 can be explained by the intense
application of small-sided games to players during this training session, and previous
studies notified that ACC, DEC and player load were affected by pitch area, and small-
sided games increased these variables more [9,37].

Nevertheless, our results for ACC are similar to the previous study that indicated
that the number of ACC performed in MD-2 was significantly lower than in MD-5, and
there was no difference in DEC between MD-2 and MD-5 in elite female soccer players [10].
Other studies showed that total number of ACC and DEC decreased from MD-4 to MD-2
in elite female soccer players [29], and also that these variables decreased from MD-4
to MD-1 in elite male soccer players [38]. A study of elite male soccer players found
lower ACCs values before matches compared to other days [14]. Considering the above
studies, Harper et al. [39] stated that greater volume of explosive eccentric actions such as
ACCs and DECs during the match could cause greater perceived exertion, muscle damage,
neuromuscular fatigue and, as a result, a higher risk of injury. However, the available
evidence from the recent study emphasized that the volume of very high intensity running
and sprint distance on MD-2 was decreased by 48% and 73%, respectively, showing us how
the training session content was modified to optimize player preparation for competition
in MD [10]. Additionally, the same authors asserted that the optimum taper period process
for international women’s matches are not clear enough in the literature and therefore the
most effective periodization methods should be investigated to ensure optimal preparation
for matchday performance [10].

In our study, it was seen that the volume and intensity were high on the 1st and 2nd
(MD-5, MD-4) training days, and then the volume and intensity decreased towards MD-2.
This shows that the tapering strategy (significant reduction in volume and intensity before
the match) was used for the weekly training design such as in previous studies [12,35,36,40].
The tapering strategy seems to be a preferred method for reducing the residual fatigue
accumulation in the last two days before the match, to optimize the performance and to
prepare the players for the match [29]. In addition, previous studies found that the use of
the tapering strategy throughout a microcycle created certain performance advantages on
players. For instance, in one study, it was reported that reducing the training intensity of
professional soccer players by ~25% during taper weeks during matches resulted in a 15%
increase in intense and high-intensity activities during matches [41]. In addition, previous
studies showed that a reduction in intensity, in the last training session before a match
leads to improvements in wellness variables (total HI, DOMS, fatigue, and sleep quality)
on a matchday and prevent overtraining in female soccer players [16], and professional
basketball players [31]

Soccer matches show the highest intensity in the weekly schedule [14]. The results
from our study showed that when comparing MD with the training sessions, the highest
RPE and s-RPE values were recorded in MD. This finding was compatible with the study
conducted by Fernandes et al. [16] which showed the highest matchday RPE values in
female soccer players. Subsequently, the same researchers stated that the match offered
lower s-RPE values and interestingly there was no significant difference between MD-5,
MD-4 and MD. This result is not in line with the results of present study. In another study,
Romero-Moraleda et al. [29] observed that the internal intensity in professional female
soccer players was higher in official matches (RPE: 8.4 AU, and s-RPE: 792 AU) compared
to training sessions (RPE: 3.1–6.2 AU, and s-RPE: 167–579 AU).
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Moreover, the present study revealed that HSR and maximal speed were found to
be significantly higher in MD (HSR: 879.7 ± 102.2 m, maximal speed. 26.7 ± 1.2 km/h)
compared to weekday training days (HSR: 306.5 ± 33.9–312.8 ± 38.2 m, maximal speed:
22.9 ± 0.5–23.5 ± 0.7 km/h). In addition, ACC and DEC were significantly higher in
MD than weekday training days. Our results were supported by the study performed by
Romero-Moraleda et al. [29].

Considering the results of the above studies, it was observed that women soccer
players are exposed to higher internal and external intensities in matches compared to
trainings during the week, intensely engage in high-intensity activities during the match
and reach higher maximum speeds in activities. However, Teixeira et al. [42] reported that
intensity differences between training and matches may be affected by contextual factors
such as the type of weekly schedule, player’s starting status, playing positions, age group,
training mode, opponent’s level, the location of matches.

The present study includes some limitations. Firstly, it was carried out with 10 professional
adult women soccer players. Clemente et al. [12] found that intensity and tapering methods
differed between teams in different countries, so it can be difficult to generalize current results
to male or female amateur players of different age categories in different countries. At the same
time, the sample size in the present study does not permit the generalization of the results for
other teams. Furthermore, players from different positions are exposed to different internal and
external intensities [15,29]. The neglect of player positions due to the sample size in our study
could be considered the second limitation.

The weekly training design used in this study is valid for women’s soccer teams
using the same design. The present study showed that soccer matches generate very high
external, internal and wellness measures on the players. Therefore, it is recommended
to include different time-efficient training methods (high-speed straight runs, running
involving directional changes, repeated short-medium-large sprint ability, time spent in
game-based situations, with modifications of pitch dimensions) in training planning, taking
into account the player positions in order to cope with the differences in both internal
and external intensities between training and official matches [29]. In the literature, the
number of studies on women soccer players related to weekly intensity design is still
reduced compared to male soccer players. Therefore, the methodology of this study can be
comprehensively replicated in women soccer players of different age categories in different
countries, with the addition of evaluation of various biochemical parameters, especially
after match day.

Increasing studies on women soccer players are important for the development and
periodization of training programs. For instance, this study did not address the menstrual
cycle. It has been revealed that there are hormonal variations during this cycle and those
can affect cardiorespiratory [43] and neuromuscular performance [44], although results are
not always consensual [45] and more research is needed. Such analysis would be relevant
for future studies to analyse if there are variations of external and internal intensities with
respect to the menstrual cycle.

Finally, we suggest that future studies could analyse if the wellness values of the day
before influence the training intensity of the day after and if the training intensity of the
day influence the HI values of the day after as previously conducted in the Silva et al.
study [46].

From a practical point of view, the results of this study can express that one of the
main focuses of technical teams is the balanced allocation of the microcycle intensity in
order to induce the best performance in the players and simultaneously ensure that the
effort management allows to avoid possible harmful effects that may arise from it. This
fact was evident in two aspects: (1) in the wellness profiles evidenced by the players with
low levels of DOMS, fatigue and stress, plus good sleep quality throughout the microcycle;
and (2) the good management of intensity that revealed greater levels in the first and
second sessions of the microcycle and then, a reduction until the match. Nowadays,
professional technical teams have human resources, whether they are assistant coaches,
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physical trainers, physiologists, psychologists, or physiotherapists who, working as a team
also have the mission of protecting their players and putting them at the highest physical
and physiopsychological levels for the competition.

5. Conclusions

The present study revealed that the internal (RPE, s-RPE) and external measures (total
distance, average speed, maximal speed, high-speed running distance, almost ACC and
DEC) were higher on the match day than during the weekday training sessions (MD-5,
MD-4, MD-2) throughout the in-season in elite female soccer players. In addition, it was
observed that HI values did not differ significantly between training sessions and matches
during the week. Finally, the present study showed that players generally reached the
highest internal and external intensity in MD-5 and after that, intensity decreased until
the MD.

This study confirmed the hypothesis regarding internal and external intensity but
not regarding wellness. It is recommended to consider the results of the current study in
the weekly intensity distribution in female soccer players and accordingly in the optimal
adjustment of the relationship between intensity and rest.
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draft preparation, R.O., J.P.B., H.İ.C., F.M.C. and R.F.; writing—review and editing, R.O., H.İ.C., R.F.,
A.D.M., J.P.B. and F.M.C.; visualization, R.O. and R.F.; supervision, R.O., V.M.R. and J.P.B.; project
administration, R.O., J.P.B. and R.F.; funding acquisition, R.O. and J.P.B. All authors have read and
agreed to the published version of the manuscript.

Funding: This research was funded by the Portuguese Foundation for Science and Technology, I.P.,
Grant/Award Number UIDP/04748/2020. Victor Machado Reis was funded by FCT–Fundação para
a Ciência e Tecnologia (UID04045/2020). This work was also funded by Fundação para a Ciência e
Tecnologia/Ministério da Ciência, Tecnologia e Ensino Superior through national funds and when
applicable co-funded EU funds under the project UIDB/50008/2020.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Ethics Committee of Polytechnic Institute of Santarém
(252020Desporto).

Informed Consent Statement: Written informed consent was obtained from the participants to
publish this paper.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: The authors would like to thank the team’s coaches and players for their cooper-
ation during all data collection procedures.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

References
1. Haugen, T.A.; Tønnessen, E.; Seiler, S. Speed and countermovement-jump characteristics of elite female soccer players, 1995–2010.

Int. J. Sports Physiol. Perform. 2012, 7, 340–349. [CrossRef] [PubMed]
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Abstract: Physical education teachers need valid, low-cost, subjective techniques as an alternative to
high-cost new technologies to monitor students’ intensity monitoring. This study aimed to investigate
the correlations between both objective and subjective external (eTL) and internal (iTL) intensities.
A total of 95 primary education students participated in this study. In this regard, 40 played soccer,
and 55 performed basketball tasks, recording a total of 3956 units of analysis. The intensities caused
by the different soccer and basketball tasks were measured using objective techniques (inertial
devices and heart rate monitors) and subjective techniques (a sheet of task analysis and ratings
of perceived exertion). Matrix scatter plots were made to show the values of two variables for a
dataset. In this regard, adjustment lines were plotted to determine the trend of the correlations.
Then, Spearman’s correlation was calculated to measure the association between two variables.
Despite the low correlation levels obtained, the main results showed significant positive correlations
between the intensities. This means that the high intensity values recorded by objective techniques
also implied high intensity values recorded by subjective techniques, and vice versa. Negative
correlations (r Rho = −0.19; p = 0.00) were only found between the following eTL variables: task eTL
per minute (subjective technique) and player load per minute (objective technique). This negative
correlation occurred when students played in the same 3 vs. 3 game situation without variability
in subjective eTL (M ± SD, 28.00 ± 0.00). Therefore, subjective eTL and iTL techniques could be
proposed as a suitable alternative for planning and monitoring the intensities supported by students
in physical education classes. Moreover, these subjective techniques are easy to use in schools.

Keywords: correlation; external intensity; inertial device; internal intensity; perceived exertion; SIATE

1. Introduction

The planning and quantification of intensities are important for optimizing students´
physical fitness, as well as for achieving teaching objectives [1,2]. However, it is a technique
rarely used by physical education teachers in primary education [3]. This may be due to
poor teacher training on intensity planning and monitoring in physical education classes [4].
In this regard, teachers usually aim for a higher time of motor commitment (useful time)
for the learning tasks, but they do not take into account whether the demands of these tasks
are high or low. Therefore, adequate learning-task planning, using different pedagogical,
organizational (time-related), and subjective intensity variables, should be performed to
achieve the recommended levels of physical fitness [5–7].

In physical education classes, students should spend at least 50% of their time record-
ing moderate to vigorous physical activities for adequate cardiovascular work in order
to prevent diseases such as weight gain and obesity [6]. In this regard, García-Ceberino
et al. [7] proposed a list of recommendations for students to spend more than 50% of the
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class in moderate to vigorous physical activity. Similarly, the World Health Organiza-
tion [8] recommends spending at least 60 min per day in moderate to intense physical
activity, mainly aerobic, throughout the week (for populations aged 5 to 17 years). In
primary schools, subjective techniques can help teachers analyze whether sessions achieve
recommended physical activity levels.

Intensity monitoring (this replaces the term “workload” [9–11]) encompasses the psy-
chological and biological demands (internal intensity, iTL) caused by tasks or competition
(external intensity, eTL). For example, the modification of game spaces or number of par-
ticipants (eTL) affect the iTL of players. Thus, intensity quantification can be obtained
using the eTL and iTL dimensions [12,13]. The eTL is the mechanical and locomotor stress
produced by a physical activity (physical demands) [14,15]. The iTL is the physiological
reaction (heart rate, HR) and stress experienced by a stimulus (eTL) [16]. HR indicates
the intensity of physical activity (physiological demands) [17]. The iTL is individual and
specific to each subject. A learning task, planned with the same eTL, may cause different
HR values in the subjects, and these HR values will be appropriate for some subjects and
inappropriate for others [18].

There are different instruments available for measuring, objectively and subjectively,
the eTL and iTL. In this regard, inertial motion devices that integrate a multitude of sensors
(such as accelerometers, gyroscopes, magnetometers, and GPS, among others) are used to
quantify objective eTL. Among the variables recorded by these inertial devices, the most
used and predictive of eTL is the Player Load (PL) [14,19]. The PL is the vectorial sum
of the accelerations in three axes (vertical, anteroposterior, and lateral), and it measures
the neuromuscular eTL [20]. Currently, new technologies are not accessible to all sports
professionals due to their high cost [13], making it difficult to quantify these intensities.
Likewise, smartphones could be integrated as an objective technique. However, many
Spanish state schools prohibit their use during school periods. (This decision is made by
each school.)

Faced with these problems, Ibáñez et al. [21] proposed an Integral Analysis System of
Training Tasks, SIATE (Spanish acronym). The SIATE is an observational and categorization
sheet, which makes it possible to quantify the subjective eTL (actions prior to sports
practice). It is obtained through the sum of the categorical-ordinal values (1 to 5) assigned
to six variables when categorizing learning tasks: degree of opposition, task density,
percentage of simultaneous performers, competitive load, game space, and cognitive
involvement. Thus, the SIATE allows the sports professionals to discover the factors that
affect the sports teaching process using pedagogical, organizational, and subjective external
intensity variables.

In addition, the HR (objective iTL) is measured through HR monitors that are syn-
chronized with inertial devices [13]. The use of HR as a measure to determine the intensity
of physical activity is well defined, validated, and accepted because it is a simple and
non-invasive technique [12]. Its economic cost can also be high. For this reason, other types
of subjective iTL instruments have appeared.

As an alternative, there is the Rating of Perceived Exertion (RPE) (psycho-physiological
demands, subjective iTL). In the sports field, the most commonly used instrument is Borg’s
RPE scale. The subjects indicate how tired they are by means of this scale, thus defining
the intensity of the physical activity [22]. Eston and Parfitt [23] also designed a curvilinear
pictorial scale (with graphic illustrations) representing the degree of perceived effort. These
authors adapted Borg’s RPE scale for the child population. Therefore, subjective techniques
present an alternative because of their low cost, accessibility, and ease of use [24].

The different intensities and measuring instruments mentioned above [1] are detailed
in Figure 1.
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Figure 1. Classification of the intensities and measuring instruments according to García-Ceberino
et al. [1]. Note: eTL = External Intensity; SIATE = Integral Analysis System of Training Tasks;
iTL = Internal Intensity; HR = Heart Rate; RPE = Rating of Perceived Exertion.

After analyzing the scientific literature and instruments available to sports profession-
als to control and monitor sports practices, it is necessary to study their correlation because
many of these instruments are not accessible to everyone. In women’s basketball train-
ing, Reina et al. [12] investigated the quantification of intensities using three instruments
(WIMUTM inertial devices, GARMINTM HR monitors, and the SIATE sheet) to establish
correlations among them. They confirmed a direct correlation between the intensities
obtained by the subjective categorization of training tasks (SIATE) with the PL and HR
intensities provided by objective techniques. In soccer training, Gómez-Carmona et al. [13]
also confirmed that subjective intensity variables influence objective intensity variables,
finding a strong correlation between them. In addition, a combination of objective eTL and
iTL (HR) factors predicted RPE in rugby training [25].

To our knowledge, the correlation between the intensities recorded by objective and
subjective techniques has not been studied in the school context. Therefore, this study
aimed to investigate the correlations between both objective and subjective intensities (eTL
and iTL) in order to analyze the reliability of subjective techniques with respect to objective
techniques. We hypothesized that correlations would be found between the following
variables: (A) the objective (inertial device) and subjective (SIATE sheet) eTL variables; (B)
the objective (HR) and subjective (RPE) iTL variables; and (C) the objective and subjective
intensities studied.

2. Materials and Methods
2.1. Study Design

A correlational study was designed to analyze the relationships between variables in
order to identify a categorical variable [26]. In turn, it was subdivided into two studies:
(1) Study 1 aimed to analyze the correlations between intensities caused by different types
of tasks (i.e., without opposition, individual game, small-sided games—SSGs, and full
games), such that each task type implied a variability in the subjective eTL (see Table 1).
(2) Study 2 aimed to analyze the correlations between intensities caused by 3 vs. 3 game
situations involving the same subjective eTL (see Table 1). Study 2 also differed from Study
1 because it measured the students’ RPE. Consequently, the study was ecological and aimed
to analyze the reliability of the subjective techniques with respect to the objective ones.

2.2. Sample

The basic unit of analysis was the record of students in each learning task type
performed during nine soccer and basketball sessions (Study 1) and in two 3 vs. 3 sessions
(Study 2), obtaining 3305 and 651 records, respectively. Table 1 describes the learning
tasks for each study and sport. The subjective eTL of the learning tasks was always
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known to the teachers during the design period, i.e., before applying them in the physical
education classes.

Table 1. Description of the learning tasks (by study and sport).

Study Task Type Example Soccer Basketball

% eTLavg % eTLavg

Study 1
Tasks with
different

subjective eTL

Without Opposition 1 vs. 0 . . . 39.90 10.85 56.50 12.03
Individual Game 1 vs. 1 28.30 17.83 15.70 19.52
Inequality SSG 2 vs. 1 . . . 25.10 20.84 17.80 19.17
Equality SSG 2 vs. 2 . . . 1.80 17.00 5.70 21.48

Full Game 5 vs. 5 4.90 28.64 4.30 24.66

Study 2
3 vs. 3 with same

subjective eTL
Equality SSG 3 vs. 3 100.00 28 100.00 28.00

Note: eTL = External Intensity; avg = Average; SSG = Small-Sided Game.

The learning tasks were played by a total of 95 primary education students from
two state schools. The fifth-grade students (school 1) played soccer, while the sixth-grade
students (school 2) played basketball. The soccer [27,28] and basketball [29,30] tasks are
valid and reliable for application in physical education classes. The characteristics of the
students are described in Table 2.

Table 2. Characteristics of the students participating (by study).

Demographic
Data

Study 1
Tasks with Different Subjective

eTL

Study 2
3 vs. 3 with Same Subjective eTL

School, grade School 1, 5th PE School 2, 6th PE School 1, 5th PE School 2, 6th PE
Students, girls 40, 18 girls 55, 32 girls 33, 16 girls 48, 25 girls

Years (M ± SD) 10.65 ± 0.48 11.09 ± 0.29 10.67 ± 0.48 11.10 ± 0.31
Note: M = Mean; SD = Standard Deviation; eTL = External Intensity; PE = Primary Education.

All the students who participated in at least 80% of the soccer and basketball sessions
were selected as the study sample in Study 1. Of these students, those who participated in
the two soccer and basketball 3 vs. 3 sessions were included in Study 2. Parents or legal
guardians were required to sign an informed consent form. Similarly, the study was con-
ducted in accordance with the ethical guidelines of the Helsinki Declaration of 1975 (with
modifications in subsequent years) and Organic Law 3/2018, of December 5, on the protec-
tion of personal research data and the guarantee of digital rights (BOE, 294, 6 December
2018), to fulfil the ethical considerations of scientific research with human beings.

2.3. Variables and Instruments

The variables analyzed in both studies were the intensities recorded in physical
education classes, grouped into eTL and iTL variables:

- Objective eTL variables: (1) PL; and (2) PL per minute (PL/min). These neuromuscular
eTL variables were measured using WIMU ProTM inertial devices (RealTrack System,
Almería, Spain). PL was measured only during the time of motor commitment in
order to eliminate distorting values, such as PL during rest periods.

- Subjective eTL variables: (1) density of task, categorical–ordinal variable with five
levels: 1-walking; 2-gentle pace; 3-intensity with rest; 4-intensity without rest; and
5-high intensity without rest. In Study 1, the variability of the learning tasks applied
involved a different level for each task type. In contrast, the 3 vs. 3 game situations
involved only one level in Study 2. (2) eTL, obtained by the sum of the values
(1 to 5) given to six categorical–ordinal variables when categorizing tasks: degree of
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opposition, task density, percentage of simultaneous performers, competitive load,
game space, and cognitive involvement. Thus, the eTL value for each learning task
ranges from 6 to 30. (3) eTL*minute (eTL*min): these variables were measured through
the SIATE observation sheet [21].

- Objective iTL variables: (1) average HR (HRavg); and (2) maximum HR (HRmax).
These were measured with GARMINTM HR monitors (Garmin Ltd., Olathe, KS, USA),
synchronized with the above-mentioned inertial devices through Ant+ technology [31].
HR was also measured only during the time of motor commitment.

- Only in study 2 was subjective iTL (psycho-physiological demands) measured using
the curvilinear pictorial scale with graphic illustrations [23], which represents the RPE.

Table 3 summarizes the variables and measurement instruments applied.

Table 3. Summary of study variables and instruments.

Intensity Variable Unit Description Instrument

eTL
(objective)

PL Arbitrary units
(per min)

Neuromuscular eTL
resulting from
accelerations

WIMU ProTM

PL/min

eTL (subjective)

Task density Scale 1 to 5 Intensity of the
learning task

SIATE observation
sheetTask eTL Number 6 to 30

(per min)

Intensity resulting from
the sum of six

categorical variableseTL*min

iTL
(objective)

HRavg
Beats per minute

Number
(average/maximum) of

beats per minute
GARMINTM monitors

HRmax

iTL (subjective) RPE Scale 1 to 10 Perception of one’s
own effort CPS (graphics)

Note: eTL = External Intensity; PL = Player Load; min = Minute; SIATE = Integral Analysis System of Training
Tasks; iTL = Internal Intensity; HR = Heart Rate; avg = Average; max = Maximum; RPE = Ratings of Perceived
Exertion; CPS = Curvilinear Pictorial Scale.

2.4. Procedure

First, it was necessary to obtain a series of authorizations: (1) approval from the
University Bioethics Committee [Ref. 247/2019]; (2) authorization from the schools and
physical education teachers; (3) approval from the school council to include the research
in the curriculum of the schools; and (4) written informed consent from the parents or
legal guardians.

Study 1. The students played soccer (school 1) and basketball (school 2). All learning
tasks (n = 180) applied in both invasion sports ranged from simple (e.g., 1 vs. 0, 1 vs.
1, . . . ) to more complex (e.g., 3 vs. 3, 4 vs. 4, . . . ) [27,29]. These tasks were validated
by experts in the field of Sport Pedagogy [28,30]. The teaching progressed based on the
variability and difficulty of the tasks. The variability of the tasks implied that each one of
them caused a different subjective eTL. When designing the learning tasks using the SIATE
observation sheet [21], the physical education teachers were aware of their subjective eTLs
before implementing them. The interventions lasted nine teaching sessions with one or two
sessions per week (1 h per session). These were conducted on the school’s outdoor sports
field. In this regard, the school authorities indicated the days on which the teachers could
teach these invasion sports in the physical education classes. The intensity data from the
soccer and basketball sessions were pooled for Study 1.

Study 2. The students played 3 vs. 3 matches with three players per team (n = 120),
performing a five-minute warm-up. Each of the teams played against each of the other
teams in this game situation. All matches were played on mini-fields. A fair balance
between the teams was sought, and the teams were mixed by gender and experience. In all
matches, the 3 vs. 3 game situation involved the same subjective eTL known to the teachers.
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A 3 vs. 3 session was performed for each sport, pre- and post-intervention (Study 1). In the
soccer matches, there was no goalkeeper (with mini-goals) because their demands differ
from those of field players [32]. The RPE was measured just after each match. For Study 2,
the intensity data from all 3 vs. 3 matches were pooled.

In both studies, the physical education teachers (researchers) directed the soccer
and basketball sessions, and then collected and analyzed the data. They had academic
and professional training in these invasion sports. Inertial devices were placed using
anatomical harnesses at the beginning of each session. In addition, HR monitoring with the
GARMINTM device was chest-based. The data recorded from these devices were exported
to the SPROTM software (RealTrack System, Almería, Spain) for quantification and statistical
analysis. This methodological procedure was carried out by both researchers equally so
as to guarantee the reliability and validity of the data, as suggested by Murillo-Lorente
et al. [33].

Figure 2 presents the study procedure.
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2.5. Statistical Analyses

First, the criterion assumption tests were performed to determine the use of paramet-
ric/ non-parametric tests for hypothesis testing [34]. The Kolmogorov-Smirnov, Levene,
and Rachas tests indicated the use of non-parametric tests.

Then, scatter plots were used to show the values of two variables for a dataset. Specifi-
cally, matrix scatter plots were used for each study. The scatter plot shows the correlation
(non-causality) between the two variables. It can be positive (increase), negative (decrease)
or null (the two variables are not correlated) [34]. In this regard, adjustment lines were
plotted to determine the trend of the correlations.

Finally, Spearman’s correlation (Spearman’s Rho) for non-parametric tests was per-
formed. It measures association between two variables and values from -1 to +1, indicating
negative or positive associations, respectively. A positive association indicates that high
values of one variable are correlated with high values of the other variable, and vice versa.
On the other hand, a negative association indicates that high values of one variable are
correlated with low values of the other variable, and vice versa [34]. The following inter-
pretation scale determines the level of association: null = 0.00; between null and low =
0.00–0.25 (−0.25); low = 0.26 (−0.26)–0.50 (−0.50); between moderate and strong = 0.51
(−0.51)–0.75 (−0.75); and, between strong and perfect = 0.76 (−0.76)–1.00 (−1.00) [35].

The same scale was always used for each instrument. Therefore, Spearman’s Rho was
not affected by changes in the units of measurement [35].

Graphics and statistical analysis were performed with SPSS 25.0 (Released 2017. IBM
SPSS Statistics for Windows, Version 25. IBM Corp., Armonk, NY, USA).

3. Results

Study 1. Figure 3 shows the matrix scatter plots between the intensities studied (in
pairs). These indicate that the possible correlations follow a positive/increase trend.
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Table 4 shows the correlation results between the objective eTL, the subjective eTL,
and the objective iTL variables. The objective intensities (eTL and iTL) were recorded
during the application of the intervention programs. In contrast, the design of the learning
tasks prior to their application implies a variability of subjective eTL (M ± SD, 17.15 ± 4.93,
minimum 8–maximum 30). The main results show significant positive correlations between
all the intensity variables studied, both objective and subjective. Therefore, high values of
the subjective eTL variables also indicate high values of the objective eTL and iTL variables,
and vice versa. Moreover, the moderate to strong correlation between the PL/min variable
(eTL) and the HRavg and HRmax variables (iTL) is noteworthy. This level of correlation is
similar to that between PL and HRmax variables.

Study 2. The matrix scatter plots between the intensities studied (in pairs) are shown
in Figure 4. These indicate that the possible correlations follow a positive/increase trend,
except for the variables: eTL*min and PL/min (negative correlation).
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Table 5 shows the correlation analysis between all of the objective and subjective
intensities studied. The 3 vs. 3 session design prior to the application implies the same
subjective eTL (M ± SD, 28.00 ± 0.00). Although the correlation coefficient associated with
the RPE is low, the most salient results indicate significant positive correlations between the
RPE and objective variables of eTL (PL and PL/min) and iTL (HRavg). Thus, high values of
the RPE also indicate high values of the objective eTL and iTL variables mentioned, and
vice versa. PL continues to show moderate to strong correlation with HR.

Finally, Table 6 shows an equivalence of the iTL variables compared to Buceta’s
values [36]. Thus, students should be trained before using the RPE pictorial scale [23]
because they tend to show lower values than the real ones.
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Table 4. Correlation analysis between the intensities recorded when applying the programs.

Intensity Spearman’s
Rho

Objective iTL Objective eTL Subjective eTL

HRavg HRmax PL/min PL eTL*min eTL

TD r 0.26 ** 0.31 ** 0.23 ** 0.30 ** 0.78 ** 0.87 **
p 0.00 0.00 0.00 0.00 0.00 0.00
n 3205 3175 3273 3273 1088 1480

eTL
r 0.26 ** 0.33 ** 0.24 ** 0.36 ** 0.89 **
p 0.00 0.00 0.00 0.00 0.00
n 3205 3175 3273 3273 1088

eTL*min r 0.12 ** 0.22 ** 0.09 * 0.27 **
p 0.00 0.00 0.02 0.00
n 1031 1031 1088 1088

PL r 0.47 ** 0.53 ** 0.66 **
p 0.00 0.00 0.00
n 3175 3175 3273

PL/min r 0.57 ** 0.51 **
p 0.00 0.00
n 3175 3175

HRmax r 0.88 **
p 0.00
n 3175

Note: n = Cases Analyzed; r = Spearman’s Correlation; eTL = External Intensity; TD = Task Density; PL = Player
Load; min = Minute; iTL = Internal Intensity; HR = Heart Rate; avg = Average; max = Maximum; ** Significant
correlation at the 0.01 level; * Significant correlation at the 0.05 level.

Table 5. Correlation analysis between the intensities recorded when apply to the 3 vs. 3 matches.

Intensity Spearman’s
Rho

Ob. iTL Sub. iTL Ob. eTL Sub. eTL

HRavg HRmax RPE PL/min PL eTL/min eTL

TD r 0.15 ** 0.11 ** - 0.04 0.06 0.60 ** 1.0 **
p 0.00 0.00 - 0.27 0.09 0.00 -
n 711 711 674 722 722 400 728

eTL
r 0.15 ** 0.11 ** - 0.04 0.06 0.60 **
p 0.00 0.00 - 0.27 0.09 0.00
n 711 711 674 722 722 400

eTL*min r 0.12 * 0.13 ** 0.08 −0.19
** −0.08

p 0.02 0.01 0.15 0.00 0.13
n 390 390 346 400 400

PL r 0.61 ** 0.54 ** 0.21 ** 0.94 **
p 0.00 0.00 0.00 0.00
n 805 805 668 817

PL/min r 0.57 ** 0.53 ** 0.15 **
p 0.00 0.00 0.00
n 805 805 668

RPE r 0.14 ** 0.08
p 0.00 0.05
n 658 658

HRmax r 0.91 **
p 0.00
n 805

Note: n = Cases Analyzed; r = Spearman’s Correlation; Ob. = Objective; Sub. = Subjective; eTL = External Intensity;
TD = Task Density; PL = Player Load; min = Minute; iTL = Internal Intensity; HR = Heart Rate; avg = Average;
max = Maximum; RPE = Ratings of Perceived Exertion; ** Significant correlation at the 0.01 level; * Significant
correlation at the 0.05 level.
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Table 6. Equivalence of the iTL variables compared to Buceta’s values [36].

HRavg
HRmax
M(SD) RPE Borg Scale

Equivalence
Approximate

in bpm

Degree of Stress
Intensity (% of max.

Capacity)

170.51 (22.18) 188.33 (21.37) 3.40
(1.86) Fairly light 110–130 30

Note: M = Mean; SD = Standard Deviation; iTL = Internal Intensity; HR = Heart Rate; avg = Average;
max = Maximum; RPE = Ratings of Perceived Exertion; bpm = Beats per Minute.

4. Discussion

In sports practices, more accessible and manageable devices would be necessary,
to which not all teachers have access. The study aimed to investigate the correlations
between both objective and subjective intensities (eTL and iTL) to analyze the reliability
of subjective techniques with respect to objective techniques. For this purpose, it was
necessary to quantify the intensities caused by different soccer and basketball tasks in
primary education (5th and 6th grades). In general, despite the low levels obtained, the main
findings indicated that the significant correlations recorded between the intensities were
mostly positive/increasing. Thus, high intensity values recorded by objective techniques
also mean high intensity values recorded by subjective techniques, and vice versa.

Study 1 (intensities refer to intervention programs). There were significant positive
correlations, with an increasing trend, between the eTL variables recorded using objective
and subjective techniques. In the sports training context, Gómez-Carmona et al. [13] found
a very strong correlation between the objective (WIMU ProTM devices) and subjective
(SIATE observation sheet) eTL variables when monitoring U–19 soccer players. Also, Reina
et al. [12] indicated that there was a correlation between the values obtained by both eTL
measurement techniques when monitoring players from a women’s senior basketball team.
Therefore, it could be stated that the subjective eTL variables, used when designing the
learning tasks, influence the objective eTL variables recorded when these tasks are later
applied in sports play.

Likewise, the objective iTL (HR) variables correlated positively with all eTL variables,
both objective and subjective. In a previous correlational study [12], a direct correlation
was confirmed between the intensities recorded by subjective categorization of basketball
tasks and the PL and HR recorded using objective techniques.

Movement intensity and HR analysis are traditional techniques used by sports pro-
fessionals to measure the physical [14] and physiological [17] demands in invasion sports,
respectively. Thus, the SIATE observation sheet [21] is proposed as a subjective technique
for monitoring eTL without the need for employing expensive and complex technologies
to use. In turn, this subjective eTL technique is known to correlate with HR [12,13], and it
has been employed by different researchers for the planning of soccer [5,27,37] and basket-
ball [38–40] sessions in physical education. The highest correlations (moderate to strong)
were recorded between the PL and HR variables. Thus, the higher the accelerometry, the
higher the task intensity, and vice versa.

In conclusion, when learning tasks causing different subjective eTLs were employed,
the hypotheses A and C were partially fulfilled (Table 4).

Study 2 (intensities refer to 3 vs. 3 sessions). The RPE (psycho-physiological demand)
can provide an adequate estimate of real HR, allowing us to know the intensity during
sports play [22]. In terms of iTL, despite the low values obtained, the main results indicated
significant positive correlations between the RPE and HRavg. In this regard, previous
studies in the context of sports training have established a high correlation between both
measurement techniques, and they indicate the use of RPE as a valid method to monitor
exercise in the absence of other costly and sophisticated tools [41,42], e.g., HR monitors.
Alexiou and Coutts [43] suggested that the RPE correlates better with the HR in less
intermittent sessions working on aerobic endurance when analyzing elite women’s soccer
players. This may be because HRmax and RPE are lower in aerobic sessions [33]. In this
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regard, the type of task (teaching means) has a direct effect on kinematic, neuromuscular,
and internal demands [7,13] and, together with the measurement technique used, can
condition the magnitude and uncertainty of the associations [44].

Furthermore, the RPE correlated positively with the objective variables of PL and
PL/min. In line with the results described above, Lovell et al. [25] stated that a combination
of objective eTL and iTL (HR) factors predicted the RPE in professional rugby players.
Likewise, McLaren et al. [44] stated that RPE and HR showed positive associations with eTL
derived from running and accelerometry in team sports. PL continues to show moderate to
strong correlation with HR. Therefore, in this study, there was an increasing trend in the
values recorded through objective and subjective techniques. It is necessary to previously
train students in the use of the RPE pictorial scale [23] in physical education. This subjective
iTL technique is very popular among sports professionals due to its easy accessibility,
simplicity, and accuracy [45]. Despite this, the data obtained can be compromised by the
interaction of multiple factors [24], e.g., the psychological perspective [33], or previous
experience in its use. In addition, Borresen and Lambert [41] observed that the data are
not as accurate when proportionally more time is spent training at low or high intensity,
compared to HR.

Another relevant result was the negative correlation between eTL*min and PL/min
variables. Thus, high values of eTL*min indicated low values of PL/min, and vice versa.
These results are in line with those obtained in previous studies on school soccer [1,7]. The
tasks involving playing situations, with the simultaneous participation of the players and
in reduced game-spaces, invoke a medium-high subjective eTL [27] and high intensity [7],
while the PL recorded is low because these tasks cause few accelerations as players cover
longer distances at more constant speeds [46,47]. However, the tasks without opposition
and with consecutive participation (organization in rows) of the players involve a medium-
low subjective eTL [27], while the accelerations and PL recorded are higher than those
obtained in playing situations [1]. This type of task is performed repeatedly and with short
breaks. The players move a few meters, accelerating to the maximum from the beginning of
the tasks to decelerating quickly [48]. For this reason, it is important to pay attention to the
design of the learning tasks used in physical education because it subsequently influences
the physical and physiological demands supported by the students.

In conclusion, when the same learning tasks involving equal subjective eTL were
employed, hypotheses B and C were partially fulfilled (Table 5).

5. Limitations and Practical Applications

A study limitation was the sample size, as well as not having trained the students in
the use of the RPE scale. Although no strong correlations were recorded, significant and
positive correlations were found, indicating that the intensity values increased or decreased
equally throughout the soccer and basketball sessions.

Subjective techniques (SIATE observation sheet and RPE scale) are a suitable alterna-
tive because they help teachers to know the impact of learning tasks on students and to
improve their physical fitness, since high objective values imply high subjective values,
and vice versa. In addition, subjective techniques can easily be used in physical education,
and they have low economic costs. However, further studies are needed to confirm the
homogeneity of the objective and subjective measures.

6. Conclusions

The design of the learning tasks and knowledge of their subjective external intensities
provide feedback on the intensities that will subsequently occur when applying them: the
neuromuscular and kinematic intensity variables, the heart rate, and the ratings of perceived
exertion. In this way, the proposed fitness physical and health objectives indicated in the
Spanish curriculum and scientific literature could be met, i.e., ≥50% of class time students
should spend in moderate to vigorous physical activity for adequate cardiovascular work
and health improvement.
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This study could confirm the usefulness of the SIATE observation sheet and RPE as
subjective techniques for the prediction of objective intensities in physical education classes
since subjective measures provide a significant (not strong) correlation when compared
to an objective standard. Also, these subjective techniques can easily be used by teachers.
Knowledge of subjective measures will allow teachers to optimize the teaching–learning
process. It is recommended for further studies that students have previous experience in
the use of the RPE scale in school. Furthermore, teachers must be trained in the use of the
SIATE observation sheet.
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Abstract: Sports performance is a complex process that involves many factors, including ethnic
and racial differences. China’s youth soccer is in a process of constant development, although
information about the characteristics of its players and their methodological systems is scarce.
The aim of this retrospective study was to characterize the physical fitness and the competitive
performance of 722 Chinese players of three sports categories (8.0–9.9, 10.0–11.9 and 12.0–13.9 years),
who were classified by their coaches as talented (n = 204) or untalented (n = 518). Players were
assessed for anthropometry (body height, body mass, body mass index), lung capacity (Forced
Vital Capacity), jumping performance (Squat Jump, Countermovement Jump and Abalakov tests),
sprinting performance (10 m and 30 m Sprint tests), agility performance (Repeated Side-Step test) and
flexibility (Sit & Reach test). A descriptive, comparative, correlational and multivariate analysis was
performed. Competitive ranking was created in order to act as dependent variable in multiple linear
regression analysis. Results indicate that Chinese players classified as talented have better motor
performance than untalented ones. However, these differences are neither related nor determine the
competitive performance of one group or the other.

Keywords: training; long-term; talent identification; team sport; multivariate analysis

1. Introduction

The People’s Republic of China (PRC) has a policy interest in promoting and develop-
ing professional soccer [1,2]. However, despite being one of the world’s major economic
powers, PRC has had to establish pacts and alliances with European clubs in order to
replicate its methodology and sports training systems [3,4]. Indeed, China currently lacks
basic structures, and clubs are filled with professional soccer schools, which are generally
advised by and/or linked to big European sports clubs, dedicated to developing and pro-
moting possible future talented players [5]. Children share studies, social life, and sports
training under increasingly well-equipped academic-sports structures. In return, European
clubs reserve the right to select the best promising players and allow them to compete in
their teams in the future [3,5].

Identifying sports talent is an exciting and complex area of sports science, due to its
multidimensional nature [6–10]. Moreover, this complexity increases when competitive
performance must be explained or predicted in a team sport such as soccer [11,12]. Cog-
nitive constructs related to the greater or lesser success in the execution of certain tactical

116



Healthcare 2022, 10, 98

skills, performed by a player who always interacts with his teammates and opponents, are
difficult to assess individually [13]. Thus, on many occasions, the criteria of expert coaches
are applied to determine a general ranking of players based on a score [14,15]. Coach-based
skill ratings have been adopted in previous research with demonstrated validity and re-
liability [6,16]. In relation to youth soccer, Hendry and colleagues [15] used a five-point
scale (one = poor to five = excellent) to rate 102 elite youth players, according to their skill
level. Another example is the contribution of Jukic and colleagues [14], who created a
questionnaire for coaches with nine items that attempted to cover, multidimensionally, the
quality they attributed to each player, according to a series of technical, tactical, physical,
and psychological aspects. Each player was classified into four scores A = above average
performance; B = average performance; C = low performance; D = below standards (the
analysis model explained 58.49% of the variance).

If sports performance is taken as a continuous variable, multiple linear regression
(MLR) is the most common statistical technique. Thus, this ranking determines the com-
petitive performance and conforms the dependent or predicted variable to confront the
different independent or predictive variables (e.g., anthropometric, physiological, technical
skills, and/or physical fitness tests) when a multivariate statistical model is performed [17].
On the other hand, in connection with the independent variables, although no clear evi-
dence has been found to support the use of physical skill or physiological tests in early
stages of sports development to predict future success, its administration is an established
process in all training programs, both in individual or team sports [18,19]. In this regard, a
recent review on the identification of talented players in soccer highlighted the importance
of evaluating different skills, scaling the children by age groups, and adding information
on their anthropometric and physiological profiles [20]. However, although it is well char-
acterized that young, successful soccer players have anthropometric and physical fitness
characteristics that are differentiated from the rest of their peers [21,22], it is necessary to
understand that it is unlikely that these differences provide a reliable source to predict
success within an already talented group [23]. That is why it is recommended to use the
collected data to guide the training programs, while considering its substantial limitations
to predict future sport success [24,25].

Access to information on the methods applied for the identification of sports talent in
the PRC and on the training processes of its young athletes is difficult. Language, culture,
and the country’s own socio-political reality limit its availability. In soccer, there are very
few scientific contributions published in English about the anthropometric profile, motor
skills, or physiological characteristics of children and/or adolescents [26–29]. Therefore, the
primary aim of this study was to provide information about anthropometric characteristics
and performance in some physical fitness tests commonly used in an important Chinese
soccer academy. Likewise, to help their managers and all technical staff, the possible
relationships between the results of each test and a ranking established by the number of
competitive victories was analyzed according to the competitive category and performance
level (talented and untalented teams). Finally, from a multidimensional perspective, a
multivariate analysis was performed to find out if any of these tests, or a set of them, could
explain the variance of the ranking.

2. Materials and Methods
2.1. Study Design

This was a cross-sectional and retrospective cohort study with a descriptive, compara-
tive, correlational, and multivariate analysis strategy. A convenience sample was recruited
and were stratified into 2 performance level groups (talented vs. untalented) for each
chronological age group consistent with their respective sports category (8.0–9.9 years,
10.0–11.9 years, 12.0–13.9 years). Twelve independent variables were assessed: chrono-
logical age—AGE—(years), height—HT—(cm), body mass—BM—(kg), body mass index—
BMI—(kg/m2), squat jump—SJ—(cm), counter movement jump—CMJ—(cm), CMJ
Abalakov—ABK—(cm), sprint 10 m—SP10—(s), sprint 30 m—SP30—(s), “repeated side-
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step”—RSS—(n), sit & reach test—SRT—(cm), forced vital capacity—FVC—(L). A perfor-
mance ranking was established as the dependent variable for the correlation and multivari-
ate analyses (multiple linear regression analysis).

2.2. Subjects

Data used in this study were collected in the 2013–14 midseason (late February to May
2014) and corresponded to 722 male Chinese children aged from 8.0 to 13.9 years, from
6 competitive categories and fifty-nine regional teams. Children pertained to the “Ever-
grande Football School” –EFS– (Qingyuan City, Guang Dong Province, China), a private
school with a collaboration agreement with the Real Madrid Foundation (Real Madrid
Football Club, Madrid, Spain), for the sports training and holistic education of soccer
children. According to the expert Spanish coaches of EFS and following their technical and
tactical criterion, based on the preview of a series of matches, 204 children were considered
as talented (8.0–9.9 years: n = 41; 10.0–11.9 years: n = 114; 12.0–13.9 years: n = 49) while 518
as untalented (8.0–9.9 years: n = 150; 10.0–11.9 years: n = 232; 12.0–13.9 years: n = 136). This
classification into 2 performance level groups for each competitive category conformed to a
standard procedure commonly used in the EFS at the beginning of each sport season (the
list of technical and tactical performance indicators can be consulted as Supplementary
Information). Independently of this categorization, the authors of this study created a
competitive ranking based on the previous league results of every team. The formula
was: “final points achieved · 100/maximum possible points”. Thus, each player, grouped
according to their chronological age, obtained a scoring scale that was comparable to the
rest of the sample. The eligibility criteria were as follows: (1) male EFS soccer players aged
between 8.0 to 13.9 who performed all the tests with a minimum of 2 recorded repetitions;
(2) to have competed in the regional soccer league during the past season; (3) to be free of
previous injuries and/or illnesses that may have affected the test results. From a total of
757 players, 35 players were finally discarded for not meeting the inclusion criteria.

2.3. Ethical Issues

All the assessments corresponded to measures or tests commonly used during soccer
training sessions and whose rights to data processing or assignment belonged to EFS.
Consequently, the study had the signed approval of the person legally responsible for
the EFS. The study was conducted following the Helsinki Declaration Statement [30].
Retrospective protocol and procedures were approved by the Ethics Committee for Clinical
Sport Research of Catalonia (Ethical Approval Code: 19/CEICGC/2020).

2.4. Procedures

All tests were performed by a single investigator according to previously standardized
protocols. He was responsible of the physical conditioning area of EFS in the age groups
analyzed and is the second author of this study. Anthropometric measurements and
physical fitness tests were performed over 14 weeks, corresponding to the middle of the
2013–14 season, after the Chinese New Year (from the end of February to the end of May
2014). Every morning from Monday to Friday, from 9:30 a.m. to approximately 12:30 p.m.,
a whole team (12–14 subjects) performed all the tests in the EFS gym. This facility had a
controlled temperature, set at 24.0 ± 1.0 ◦C, with a relative humidity of 55.5 ± 10.0%. Upon
arriving at the gym, in an adjoining room, players were measured and weighed by the
medical doctor responsible for the EFS, who also performed the spirometry test. Next, and
even though all the players were accustomed with the tests, because they had previously
performed them during training, they were reminded of protocols before the start. Then, all
subjects performed a general warm-up (10–15 min at 60% heart rate) and a specific warm-
up (10–15 min, including performing each of the tests as a pre-test). Except for the SRT,
which was always performed as the last test, the execution order of the rest (SJ, CMJ, ABK,
SP10, SP30, and SST) was randomized. Recovery time between tests was always complete
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(>3 min) and for each evaluation 2 attempts were performed to ensure the reliability of the
measurements. Once verified, the best attempt was the one finally registered.

Specific protocols and materials used for every assessment are detailed as follows:
Anthropometric measurements were performed according to the standard criteria of the
International Society for the Advancement of Kinanthropometry [31]. HT was assessed to
the nearest 0.1 cm using a telescopic stadiometer (Seca 220®, Hamburg, Germany), and
BM was measured to the nearest 0.05 kg using a calibrated weighing scale (Seca 710®,
Hamburg, Germany). BMI (kg/m2) was derived from BM/HT2. FVC was registered with
a battery-operated portable spirometer (FCS-10000®; Grows Instrument Ltd., Hong Kong,
China), following the previous protocols of the European Respiratory Society [32] and the
recommendations on forced exhalation time in young adolescents, which were set to 6 s [33].
Each physical fitness test included in the assessment fulfilled with previously published
standards and validated measurement protocols for children and adolescents: SJ, CMJ,
and ABK [34,35] were assessed with Chronojump Boscosystem®, composed of a contact
platform and its corresponding software interface, “Chronojump v1.3.9” (Chronojump,
Boscosystem®, Barcelona, Spain). SP10 and SP30 followed previous methodological recom-
mendations [36] and validated protocols for assessing youth sprint ability [37]. Both tests
were automatically measured with 2 photoelectric barriers (Chronojump, Boscosystem®,
Barcelona, Spain). SRT was performed according to the methodology of Eurofit [38] once
its criterion-related validity had been verified for estimating the hamstring flexibility in
children and adolescents [39]. Finally, regarding the RSS, despite being a widely used test
in Asian schools and sports clubs to assess agility [40], no studies have been found on its
validity prior to 2014, corresponding to the data of the present investigation. Recently, a
research group from the Shanghai Sports University has published its protocol obtaining a
strong concurrent validity when comparing its results against other previously published
agility and movement skill tests [41]. Basically, RSS requires participants to demonstrate as
many as possible repeated sideward steps in 20 s between 2 lines located 1 m apart (50 cm
from the center, which would correspond to the starting position). The outcome measure is
the total precise steps.

2.5. Statistical Analysis

Data are expressed by means and standard deviations. Normality and equal vari-
ance of the distributions were confirmed by the Kolmogorov-Smirnov and Levene tests,
respectively. Test–retest reliability was examined using the intraclass correlation coefficient
(ICC) with a two-way mixed average measures model. The coefficient of variation (CV)
was calculated for all tests to determine the stability of measurement among trials with the
95% confidence interval. The Student’s unpaired t-test was performed to analyze possible
differences between talented and untalented groups. For all those that were statistically
significant, the effect size (ES) was calculated using Cohen’s d test. In order to check
the differences between age groups, a one-way ANOVA was performed using the Tukey
post-hoc test. The Pearson’s correlation coefficient was calculated to assess the relationship
of each independent variable with the performance level (competitive results ranking).
Finally, a stepwise multiple linear regression analysis (MLR) was performed to assess the
ability of independent variables to explain the variance of the performance level. Precise
p values were reported and p ≤ 0.05 was considered significant. All data were analyzed
using SPSS 22® (IBM Inc., New York, NY, USA). Effect size was calculated with G*Power
v3.1.9.2 package (University of Kiel, Kiel, Germany).

3. Results

Test–retest reliability results are shown in Table 1. Anthropometric outcomes (HT, BM,
BMI) did not differ in practically all 722 cases between the first and second measurements,
hence we report the maximum reliability results. Regarding to the FVC and all physical
fitness tests, high test–retest reliability was obtained (ICC values ranging from 0.77 to 0.97,
and CV from 1.5 to 11.0% in both groups).
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Table 1. Test–retest reliability statistics for 722 children, talented and untalented Chinese
soccer players.

Tests Talented (n = 204) Untalented (n = 518)

ICC CV ICC CV

r CI 95% % r CI 95% %

HT (cm) 1.00 – 0.0 1.00 – 0.0
BM (kg) 1.00 – 0.0 1.00 – 0.0

BMI (kg/m2) 1.00 – 0.0 1.00 – 0.0
FVC (L) 0.83 0.77–0.87 11.0 0.96 0.95–0.97 10.8
SJ (cm) 0.88 0.84–0.91 7.9 0.92 0.91–0.94 9.9

CMJ (cm) 0.89 0.86–0.92 6.5 0.94 0.93–0.95 7.3
ABK (cm) 0.89 0.85–0.91 5.6 0.94 0.93–0.95 7.3
SP10 (s) 0.91 0.88–0.93 1.6 0.84 0.80–0.86 5.2
SP30 (s) 0.95 0.94–0.97 1.5 0.94 0.92–0.95 4.2
RSS (n) 0.90 0.87–0.93 6.2 0.93 0.91–0.94 8.2

SRT (cm) 0.96 0.95–0.97 8.5 0.97 0.96–0.97 9.4
HT: height, BM: body mass, BMI: body mass index, SJ: squat jump, CMJ: counter movement jump, ABK: Abalakov,
SP10: sprint 10 m, SP30: sprint 30 m, RSS: repeated side-step, SRT: sit & reach test, FVC: forced vital capacity. ICC:
intraclass correlation coefficient, CV: coefficient of variation, CI 95%: confidence interval.

Results of the whole sample (n = 722) and statistical differences between talented
(n = 204) and untalented players (n = 518), are shown in Table 2. No significant differences
were recorded in AGE, FVC, or in any anthropometric variables (HT, BM, BMI). In contrast,
both in the jumping tests (SJ, CMJ, ABK) and in the sprint tests (SP10, SP30), talented players
showed significantly better performance than their counterparts (p ≤ 0.05), although with a
small effect size (d ≤ 0.25). The largest difference was registered in the RSS test (p = 0.001),
again in favor of the talented group, with a medium effect size magnitude (d = 0.49).
Finally, SRT values were higher in the talented group, although these were not statistically
significant (p = 0.39).

Table 2. Descriptive results and comparison between anthropometric and physical fitness tests for
722 talented and untalented Chinese children soccer players.

Tests All (n = 722) Talented
(n = 204)

Untalented
(n = 518) t-Test (p) ES (d-Cohen)

AGE (years) 11.0 ± 1.4 11.1 ± 1.4 10.9 ± 1.4 0.08 –
HT (cm) 146.9 ± 10.7 147.0 ± 11.1 146.8 ± 10.5 0.84 –
BM (kg) 37.6 ± 8.9 37.3 ± 8.7 37.6 ± 9.0 0.69 –

BMI (kg/m2) 17.2 ± 2.2 17.0 ± 1.9 17.2 ± 2.4 0.21 –
FVC (L) 2.7 ± 0.7 2.7 ± 0.7 2.7 ± 0.7 0.52 –
SJ (cm) 27.0 ± 5.1 27.6 ± 5.1 26.8 ± 5.1 0.05 * 0.16

CMJ (cm) 27.6 ± 5.2 28.3 ± 5.1 27.3 ± 5.2 0.02 * 0.19
ABK (cm) 31.8 ± 5.9 32.5 ± 6.1 31.5 ± 5.8 0.04 * 0.17
SP10 (s) 2.2 ± 0.1 2.1 ± 0.1 2.2 ± 0.1 0.01 * 0.22
SP30 (s) 5.4 ± 0.4 5.3 ± 0.4 5.4 ± 0.4 0.001 * 0.25
RSS (n) 40.0 ± 4.6 41.6 ± 4.5 39.4 ± 4.5 0.001 * 0.49

SRT (cm) 8.9 ± 5.0 9.2 ± 4.9 8.8 ± 5.0 0.39 –
AGE: chronological age, HT: height, BM: body mass, BMI: body mass index, SJ: squat jump, CMJ: counter
movement jump, ABK: Abalakov, SP10: sprint 10 m, SP30: sprint 30 m, RSS: repeated side-step, SRT: sit & reach
test, FVC: forced vital capacity. t-test (talented vs. untalented): p: * statistical significance at p ≤ 0.05. ES: effect
size (d-Cohen).

Differences for each age group and performance level are shown in Table 3. In
the youngest group (8.0–9.9 years) there were no significant differences in any of the
assessments performed between talented and non-talented players. In the 10.0–11.9 age
group, talented players were significantly lighter and, consequently, had a lower BMI. They
reported better performance in the CMJ, ABK, SP10, SP30, and RSS (p ≤ 0.03), although in
all cases the effect size of these differences was small (d = 0.01–0.33), with the exception of
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RSS, in which it was medium (d = 0.51). The oldest talented group (12.0–13.9 years) only
registered significantly higher values than their untalented counterparts in FVC (p = 0.05;
d = 0.32) and RSS (p = 0.001; d = 0.83). On the other hand, when analyzing the differences
between the 3 age groups, ANOVA results show that, regardless of the performance group
(talented or untalented), players older than the preceding age were significantly heavier
and taller, and they had a better performance in all tests performed. However, in SRT,
no significant differences were found between younger and intermediate age groups, or
between 8 years and 12 year-old players.

Table 3. Comparative analysis applied to 722 Chinese children soccer players: One-way ANOVA
between age groups (results are showed in rows) and Student’s t tests (talented vs. untalented), with
the effect size showed in columns for significant differences.

Tests 8.0–9.9 Years 10.0–11.9 Years 12.0–13.9 Years

AGE (years) Talented 9.0 ± 0.6 11.1 ± 0.5 * 12.9 ± 0.7 ‡†

Untalented 9.2 ± 0.5 11.0 ± 0.6 * 12.7 ± 0.6 ‡†

p t-test & (d-Cohen) ns ns ns
HT (cm) Talented 135.9 ± 6.6 146.3 ± 8.1 * 158.1 ± 9.9 ‡†

Untalented 137.4 ± 6.5 146.9 ± 7.6 * 157.1 ± 8.6 ‡†

p t-test & (d-Cohen) ns ns ns
BM (kg) Talented 30.8 ± 6.3 35.9 ± 6.0 * 46.2 ± 9.0 ‡†

Untalented 31.4 ± 6.2 37.4 ± 7.4 * 44.8 ± 8.8 ‡†

p t-test & (d-Cohen) ns 0.05 (0.22) ns
BMI (kg/m2) Talented 16.5 ± 2.1 16.7 ± 1.5 18.3 ± 1.9 ‡†

Untalented 16.5 ± 2.3 17.2 ± 2.3 * 18.0 ± 2.4 ‡†

p t-test & (d-Cohen) ns 0.02 (0.26) ns
FVC (L) Talented 2.2 ± 0.5 2.6 ± 0.5 * 3.5 ± 0.8 ‡†

Untalented 2.2 ± 0.4 2.7 ± 0.5 * 3.3 ± 0.7 ‡†

p t-test & (d-Cohen) ns ns 0.05 (0.32)
SJ (cm) Talented 24.4 ± 3.2 27.0 ± 4.4 * 31.6 ± 5.4 ‡†

Untalented 24.1 ± 3.8 26.2 ± 4.0 * 30.7 ± 5.7 ‡†

p t-test & (d-Cohen) ns ns ns
CMJ (cm) Talented 24.5 ± 3.3 27.9 ± 4.5 * 32.2 ± 5.3 ‡†

Untalented 24.7 ± 3.8 26.8 ± 4.2 * 31.1 ± 6.0 ‡†

p t-test & (d-Cohen) ns 0.02 (0.25) ns
ABK (cm) Talented 27.5 ± 3.3 32.0 ± 5.0 * 37.7 ± 6.2 ‡†

Untalented 28.3 ± 4.2 30.8 ± 4.5 * 36.0 ± 6.6 ‡†

p t-test & (d-Cohen) ns 0.03 (0.25) ns
SP10 (s) Talented 2.3 ± 0.1 2.2 ± 0.2 * 2.1 ± 0.1 ‡†

Untalented 2.3 ± 0.1 2.2 ± 0.1 * 2.1 ± 0.1 ‡†

p t-test & (d-Cohen) ns 0.01 (0.01) ns
SP30 (s) Talented 5.7 ± 0.3 5.3 ± 0.3 * 4.9 ± 0.4 ‡†

Untalented 5.8 ± 0.4 5.4 ± 0.3 * 5.0 ± 0.3 ‡†

p t-test & (d-Cohen) ns 0.01 (0.33) ns
RSS (n) Talented 37.1 ± 3.2 41.2 ± 3.2 * 46.2 ± 3.8 ‡†

Untalented 35.9 ± 3.6 39.5 ± 3.5 * 43.0 ± 3.9 ‡†

p t-test & (d-Cohen) ns 0.001 (0.51) 0.001 (0.83)
SRT (cm) Talented 8.2 ± 3.7 8.7 ± 5.1 11.2 ± 4.8 ‡†

Untalented 8.8 ± 4.2 8.4 ± 5.1 9.6 ± 5.5 †

p t-test & (d-Cohen) ns ns ns
AGE: chronological age, HT: height, BM: body mass, BMI: body mass index, SJ: squat jump, CMJ: counter
movement jump, ABK: Abalakov, SP10: sprint 10 m, SP30: sprint 30 m, RSS: repeated side-step, SRT: sit & reach
test, FVC: forced vital capacity, ns: not statistically significant. ANOVA: age groups statistical differences set
at p ≤ 0.01: * (8.0–9.9 vs. 10.0–11.9); ‡ (8.0–9.9 vs. 12.0–13.9); † (10.0–11.9 vs. 12.0–13.9). p t-test: “Talented
vs. Untalented” statistical differences at p ≤ 0.05. Effect Size (d-Cohen): ≈0.20 small effect; ≈0.50 medium;
≈0.80 large.

Statistically significant correlations between the competitive ranking and each of
the variables analyzed were scarce and registered low (r = 0.3 to 0.5 or −0.3 to −0.5) or
negligible values (r < 0.3 or −0.3). In the youngest age group, competitive performance

121



Healthcare 2022, 10, 98

of talented players seemed to maintain a certain relationship with their height (r = 0.36;
p = 0.02) and their ability to cover 30 m in the shortest time possible (r = −0.31; p = 0.05).
While in this age group (8.0–9.9 years) no correlation was registered in the untalented
group, in the following group (10.0–11.9 years), older children (r = 0.18; p = 0.01) with a
greater stature (r = 0.20; p = 0.003), a lower BM (r = −0.18; p = 0.01), and a greater lung
capacity (r = 0.16; p = 0.01) seemed to obtain better competitive performance. This did not
occur in talented players in this intermediate age group, where only lung capacity seemed
to show a positive relationship with their competitive performance (r = 0.19; p = 0.05). In
the oldest talented group (12.0–13.9 years), chronological age (r = 0.28; p = 0.05) and better
results in SP30 (r = −0.31; p = 0.03) and RSS (r = 0.30; p = 0.04) seemed to be related to
their position in the competitive ranking. Also, the ability to sprint, but this time in the
SP10 (r = −0.19; p = 0.03), and the agility manifested in the RSS (r = 0.24; p = 0.01), were
slightly related to performance of the least talented players in this age group. Multiple
linear regression analysis reinforces the results of these correlations, with a low explanation
of the variance of competitive performance (R2 ranged between 5.0 to 20.0%) in all age
groups and independently of their classification as talented or untalented (Table 4).

Table 4. Stepwise multiple linear regression analysis by chronological age groups in talented and
untalented Chinese children soccer players.

Age (Years) Talented (T)
Untalent. (U)

Explicative Equations F df1 df2 p
R2

SEE
Exact Adjust.

8.0–9.9
T (n = 41) −64.63 + (0.98 HT) − (2.09 BMI) 5.97 1 38 0.01 0.24 0.20 9.33

U (n = 150) No variables selected in multivariate model – – – – – – –

10.0–11.9
T (n = 114) 29.35 + (0.01 FVC) − (0.47 BM) 4.70 1 111 0.01 0.08 0.06 8.90

U (n = 232) 15.72 − (0.04 HT) − (0.80 SP30) − (0.15 CMJ) +
(0.11 ABK) 6.46 1 227 0.01 0.10 0.09 1.13

12.0–12.9
T (n = 49) 156.29 − (17.89 SP30) − (0.72 ABK) 4.83 1 46 0.01 0.17 0.14 8.89

U (n = 136) 2.48 + (0.07 RSS) 8.04 1 134 0.01 0.06 0.05 1.13

HT: height, BMI: body mass index, FVC: forced vital capacity, BM: body mass, SP30: sprint 30 m, CMJ: counter
movement jump, ABK: Abalakov; RSS: repeated side-step test, ANOVA statistics: Fentry (p ≤ 0.05) to Fexit
(p ≥ 0.10), R2: coefficient of determination, SEE: standard error of the estimate, p: level of significance (p ≤ 0.05).

4. Discussion

The purpose of this study was to provide relevant information on the basic anthropo-
metric characteristics and some physical fitness tests commonly used in sports training in a
large sample of young Chinese soccer players. To our knowledge, this is the first time that
a multivariate model of competitive performance in young Chinese soccer players has been
applied. The major finding of this study has been to verify the null or scarce relationship
between anthropometric measures and/or physical fitness tests that coaches normally use
during training sessions, and the classification of each player in a ranking based on their
competitive league results as members of their respective teams.

Sport-specific technical skills assessments have been demonstrated a great sensitivity
to discriminate different competitive levels and predict future sports performance in the
talent identification area [42]. The present multidimensional proposal is based on a MLR
analysis and has been previously applied to predict or explain sports performance, both in
individual sports, such as swimming [43], triathlons [44], or artistic gymnastics [45], and in
team sports, such as field hockey [46], handball [17,47], volleyball [48], or soccer [49–51].
However, its practical application in team sports is more complex, due to the necessary
configuration of a ranking which acts as a response or dependent variable in MLR analysis,
and which in many individual sports is already established by its own rules and regulations
(e.g., ATP ranking in tennis, FINA points in swimming, ITRA points in trail running, etc.).
In soccer, as well as in other team sports, the individual ranking must be configured based
on quantitative parameters of game analysis (scouting reports) or by the criteria of expert
coaches [15]. In this research, we have applied an individual score to each player based
on the competitive results that they obtained as members of their respective teams. For
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example, the players of the team that was first classified in their respective league all
obtained the same score. Although this criterion has certain limitations, because it does
not consider individual intra-team differences, the expert coaches of the EFS considered it
adequate because it was based on the results of a whole sport season and at the end of this
period, in a sample of 722 players, this ranking differentiated between highest and lowest
competitive level players.

Before discussing findings related to the rest of motor tests, it is important to note
that sports performance is a complex process that involves many factors, including ethnic
and racial differences [52,53]. Talent identification studies must consider cross-cultural or
country analysis when attempting to identify—or to compare with other studies—the sports
performance attributes [54]. Regarding Asian soccer players, racial differences have been
found in the anthropometric and physiological profile of sixteen young Chinese elite male
soccer players (16.2 ± 0.6 years) that, when compared to European and African counterparts,
registered shorter stature and lower CMJ and SP30 values, among other physical fitness
differences [28]. Comparing our results with those of other studies conducted with Chinese
soccer players of similar ages is difficult, due to the lack of scientific information published
in English. Only one study has been found that describes and correlates, by playing
positions, some anthropometric and physical fitness attributes of seventy Chinese soccer
players under 14 years [26]. According to our results in the 12.0–13.9 year-old players,
HT (talented: 158.1 ± 9.9 cm, untalented: 157.1 ± 8.6 cm; p > 0.05) and BM (talented:
46.2 ± 9.0 kg, untalented: 44.8 ± 8.8 kg; p > 0.05) are comparable to their forwards soccer
players (HT: 1.56 ± 0.11 m, BM: 43.9 ± 9.5 kg), being shorter and lighter than the rest
of the players from other playing positions. As for fitness tests, average CMJ results,
achieved in a study by Wong et al., were always greater than 50 cm, which were remarkable
results for boys under 14 years, and therefore far from the 32.2 ± 5.3 cm (talented) and
31.1 ± 6.0 cm (untalented) values attained in our study. SP30 values are comparable again,
as they stand between 4.81 ± 0.36 s (defenders) and 4.96 ± 0.4 s (forwards), and our results
oscillate between 4.9 ± 0.4 s (talented) and 5.0 ± 0.3 s (untalented). Lastly, the authors
found significant relationships of SP30 with BM (r = −0.54), HT (r = −0.64), and BMI
(r = −0.24). CMJ also correlated with HT (r = 0.36). They conclude that talent identification
in young Chinese soccer players should take into account the anthropometric profile,
since it is related to some physical fitness performances, although these should not be an
absolute selection criteria, since long-term performance depends on many other factors not
sufficiently investigated at present.

In our case, there are no anthropometric differences between players classified by
coaches as talented or untalented. Furthermore, no anthropometric variable correlates or
explains the variance of performance. Similarly, although talented players are significantly
better in jumping and sprinting tests, these outcomes appear to have poor or no relation to
their subsequent competitive performance. These results are consistent with the practice of
not overvaluing anthropometric measures or physical skill tests as tools for sports talent
identification [18]. Several studies conducted with young European elite soccer players
also relativize the motor tests’ importance for the selection processes [55–57], including,
specifically, the sprint and jump performances [58]. Although it seems to be confirmed
that covering larger distances at a high speed is a key performance factor in highly trained
prepubertal soccer players [59], most current, related literature conclude that the best
training strategy in these early stages is to let the players play, and that it is better to
give them a broad spectrum of fundamental motor skills rather than prioritize the specific
conditioning capacities in the training sessions to a large extent [14,15,60]. Related to this,
positioning, and deciding when to play, seem to be key factors for talent development in
soccer [61] within some technical characteristics related with the dribbling [62,63] and the
ball kicking speed [64].

The early development process of young talented athletes must necessarily include not
only the evaluation of physical, physiological, and technical skill components, but also the
psychological and sociological factors that longitudinally affect sports performance [20,65,66].
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This holistic, multidisciplinary approach to talent identification is currently recognized
and accepted by both the scientific community and by a large part of sports coaches [54].
However, its practical implementation implies that both scientists and coaches must come
together to perform holistic models to predict sports performance, in order to optimize
training and obtain the maximum competitive achievements in the medium and long
term [54,67]. The expert eyes or “gut instinct” of coaches and stakeholders are particularly
important, but not everything can depend on this [68–70]. For example, in our study, the
selection criteria between talented and untalented players was subjectively pre-established
by the EFS coaches, based on the visualization of a series of matches. This suggests that
they predictably focused on something more than in the physical skills of the young players.
However, the final result of this classification was contradictory, because it was precisely
only the physical differences that discriminated one group from the other, and not the
competitive performance finally demonstrated by both, as reported by the results of the
multivariate model.

The youth soccer Chinese training system is constantly growing and optimizing. To
continue moving forward, next steps should focus on optimizing procedures for the detec-
tion, recruitment, and final selection of those players with the best aptitudes, skills, and
competencies associated with future competitive success. Our research is consistent with
currently related literature about talent identification: it is necessary to multidimensionally
assume the complexity of sports performance, understanding it as a longitudinal, dynamic,
and specific process dependent on each situation and context [71,72]. The opinion, crite-
rion and experience of coaches should be complemented with scientific analysis based
on psychologically and sociologically validated predictors, together with anthropometric,
physiological, physical, and technical–tactical tests, among others [70]. For example, re-
garding to psychological aspects and specifically those referring to perceptual cognitive
predictors [73], decision making during a soccer match seemed to be the most relevant vari-
able to explain the competitive performance of 127 U12 and U15 soccer players (d = 0.81).
Concerning to personality-related factors, some significant predictor variables were: hope
for success, fear of failure, self-esteem, self-efficacy [74]. Finally, sociological variables have
been studied to a lesser extent, although parental support, socio-economic background,
education, coach–child interaction, hours in practice, and cultural background seem to
explain the variance in the performance of young elite football players, as reported in a
recent systematic review [75].

This is absolutely necessary in order to avoid the dissonance noted in this study
between the opinion of the coaches when they identify talented or untalented players and
the poor or null relationship with the subsequent tests performed to evaluate their present
and/or future competitive performance.

Finally, this is a retrospective study with a convenience-recruited sample. This research
design has some limitations, such as the possible bias derived from the quality of the data
during its registration [76], that the sample is not representative of the population [77],
or specifically in this study, two remarkable aspects: that it would have been desirable to
introduce: an inter- and intra-rater reliability analysis, and a somatic biological maturity in-
dicator (i.e., prediction of age at peak height velocity). In this context, some methodological
considerations must be considered in order to define the contributions and limitations of
the present study: (1) a large sample was recruited, a circumstance that minimizes possible
rare outcomes and gives strength to the results; (2) the second author of this research was
responsible for the execution and supervision of all the tests, that were performed twice
under strict execution of the previously validated protocols. Only the RSS protocol was not
validated in 2014, but it has recently been published [41]; (3) it is not considered indispens-
able to perform an inter- or intra-rater reliability analysis for three reasons: (a) assessed
tests are commonly used in sports training and have validated protocols for young people,
(b) operators responsible for the tests’ evaluation had extensive experience in these and,
(c) test–retest reliability reports very high consistency results; (4) lastly, although it would
have been scientifically desirable to operate with a biological age indicator, the present
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study has classified the age groups according to the corresponding competitive categories,
a circumstance that will facilitate the understanding and application of the results by soccer
coaches of many Chinese sports clubs.

5. Conclusions

This retrospective study provides relevant information on some basic anthropomet-
ric characteristics and physical skills of a large sample of young Chinese soccer players
between 8.0 and 13.9 years old. A multivariate model configured from real competitive
results is proposed in a novel way. Some practical considerations for coaches, clubs and
training soccer institutions should be noted: Chinese soccer players classified as talented
by expert coaches have better physical skills than untalented ones. However, these differ-
ences are neither related nor determine the competitive performance of one group or the
other. The Chinese institutions and soccer professionals should consider these results to
relativize the importance of anthropometric measurements and physical fitness tests in
talent identification and development areas.
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Abstract: Agility is an important factor in football (soccer), but studies have rarely examined the
influences of different agility components on the likelihood of being injured in football. This study
aimed to prospectively evaluate the possible influences of sporting factors, i.e., flexibility, reactive
agility (RAG), and change of direction speed (CODS), on injury occurrence over one competitive half-
season, in professional football players. Participants were 129 football professional players (all males,
24.4 ± 4.7 years), who underwent anthropometrics, flexibility, and RAG and CODS (both evaluated on
non-dominant and dominant side) at the beginning of second half-season 2019/20 (predictors). Over
the following half-season, occurrence of injury was registered (outcome). To identify the differences
between groups based on injury occurrence, t-test was used. Univariate and multivariate logistic
regressions were calculated to identify the associations between predictors and outcome. Results
showed incidence of 1.3 injuries per 1000 h of training/game per player, with higher likelihood
for injury occurrence during game than during training (Odds Ratio (OR) = 3.1, 95%CI: 1.63–5.88)
Univariate logistic regression showed significant associations between players’ age (OR = 1.65,
95%CI: 1.25–2.22), playing time (OR = 2.01, 95%CI: 1.560–2.58), and RAG (OR = 1.21, 95%CI: 1.09–1.35,
and OR = 1.18, 95%CI: 1.04–1.33 for RAG on dominant- and non-dominant side, respectively), and
injury occurrence. The multivariate logistic regression model identified higher risk for injury in those
players with longer playing times (OR = 1.81, 95%CI: 1.55–2.11), and poorer results for RAG for the
non-dominant side (OR = 1.15, 95%CI: 1.02–1.28). To target those players who are more at risk of
injury, special attention should be paid to players who are more involved in games, and those who
with poorer RAG. Development of RAG on the non-dominant side should be beneficial for reducing
the risk of injury in this sport.

Keywords: agility; soccer; flexibility; predictors; outcome

1. Introduction

From the aspect of kinesiological analysis, football (soccer) is a contact sport of inter-
mittent and poly-structural nature, with high technical-tactical and physical demands [1–3].
Each player’s performance is directly influenced by the environment (i.e., teammates,
opponents, and ball). To these stimuli, the player must constantly adapt and react in
order to assure situational efficiency. Over the last decade, the intensity of the game has
increased significantly, and studies have recorded an increase in sprinting distance (speeds
above 25 km/h) by approximately 35% over a period of 7 years [1,4]. Additionally, the
frequency of games is constantly increasing [5]. As a result of such increases in the psycho-
physiological demands, and despite the evident progress of sports medicine, better sports
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equipment and training grounds and improved recovery methods and prevention pro-
grams, injuries are one of the most evident problems in football [6]. Non-contact muscular
injuries represent a special problem, which, although being mostly preventable through
primary and secondary prevention strategies, account for one third of all time-loss injuries
in men’s professional football [7–9].

Injuries in professional football represent multiple problems. Firstly, they can remove
a player from training and competition for a while, thereby reducing the value of the
team and its chances of success. Additionally, they represent a financial burden, either
through direct treatment costs or through indirect costs for salaries of the players that are
not performing [1,2,10]. In particular, at the elite European level, a one-month absence of
a starting player costs the club in question approximately EUR 500,000 on average [11].
Studies have shown that players in the European leagues have an average of two injuries
per year and spend around 37 days out of team training [12,13]. All of this has led scientists
to study the predictors of injuries in football players to identify potential risks and try to
reduce the number of injuries [14].

Recent findings suggest that causes of injuries should be analyzed in a multifactorial
and dynamic etiological model with intrinsic (person-related) and extrinsic (environment-
related) risk factors, along with training and match workloads [13,14]. Intrinsic factors
include the individual biological and psychosocial characteristics of athletes. These, more
specifically, include age and gender determinants, muscle strength and flexibility, functional
instabilities, imbalances, previous injuries, and maladaptive rehabilitation processes [14].

Many studies have addressed the associations of different motor and functional abili-
ties with injuries [9,14,15]. In general, insufficient muscular strength and endurance, poor
cardiorespiratory endurance, and lack of flexibility, power, speed, and balance represent
risk factors for musculoskeletal injuries [16,17]. More specifically, in terms of flexibility,
higher ranges of motion for the hamstrings and ankles were associated with lower injury
risk [9]. There is also moderate evidence that lower levels of body strength, power and
balance are good predictors of future muscle injuries [9,15]. Finally, cardiorespiratory
endurance showed an association with injury: strong evidence was found that poor perfor-
mance on timed shuttle runs increased the risk of injury [18]. Interestingly, the authors of
a recent comprehensive review, which overviewed the associations between variables of
physical fitness and musculoskeletal injury risk, clearly noted that they did not find any
study linking agility and injury occurrence in athletes [9].

Specifically, agility represents the ability to quickly and accurately change the direction
of motion of the whole body in response to a stimulus [19]. It is generally accepted that
agility in professional sports should be graded according to two relatively independent
qualities: (i) change of direction speed (CODS) or pre-planned agility, and (ii) reactive
agility or non-planned agility (RAG) [20]. From the perspective of injury occurrence, it is
important to highlight the specifics of CODS and RAG. While CODS is a change in the
speed and direction of movement according to a predetermined pattern, this facet of agility
is predominantly influenced by speed, power and anthropometrics [21]. On the other hand,
during RAG the athlete must change his direction of movement in response to an external
stimulus (i.e., opponent, ball, or teammate), which is logically and additionally influenced
by perceptual and cognitive capacities [22,23].

Both CODS and RAG have been repeatedly confirmed as important determinants of
success in sports [24–26]. This is especially emphasized in team sports, such as football,
where the movement of the athlete is directly determined by the movements of teammates,
opponents, and the ball itself [27–29]. Therefore, there is no doubt that both RAG and
CODS capacities are directly responsible for accurate, effective, and (most importantly) safe
execution of directional changes, which are themselves known to be movement scenarios
where a great deal of injuries occur both in training and in competition [30–32]. Surprisingly,
there is a lack of studies considering agility as a factor influencing injury occurrence
in sports, and to the best of our knowledge no study has reported this association in
professional football.

130



Healthcare 2022, 10, 440

Given the lack of knowledge on the association between agility and musculoskeletal
injuries in football, the main aim of this research was to prospectively observe the influences
of agility components (RAG and CODS) on injury occurrence in professional football
players during one half-season. Additionally, we observed flexibility and sporting factors
(playing position, age, experience in football, playing time) as factors of influence on injury
occurrence. We hypothesized that RAG and CODS status at the beginning of the season
would be inversely related to occurrence of injury, meaning lower risks of injury in players
who performed better on football-specific tests of CODS and RAG.

2. Materials and Methods
2.1. Participants

In this study we observed 129 professional football players from Bosnia and Herze-
govina (all males, 24.4 ± 4.7 years of age) All of them were members of teams competing
at the highest competitive level in the country, including the national champions for the
observed season.

The invitation for study participation was sent by the National Football Federation,
and players were informed of potential benefits and risks. Involvement in the research
was voluntary, and participants’ personal data were protected with an identification code,
known only to the main/head researcher. Prior to the study, participants signed consent
forms for participation and the Ethical Board of University of Split, Faculty of Kinesiology
approved the investigation (approval number: 2181-205-02-05-14-001). Based on (i) a
previously evidenced injury occurrence of 20%, (ii) a population sample of 250 professional
players competing in the first national division in Bosnia and Herzegovina (goalkeepers and
players younger than 18 years were excluded from total population), (iii) a margin of error
of 0.05, and (iv) a confidence level of 0.95, the required sample size for this investigation was
calculated to be 125 participants (calculated by Statistica, Tibco Inc., Palo Alto, CA, USA).

Inclusion criteria were: (i) a minimum of 8 years of active football training, (ii) com-
peting at the highest national level, (iii) no injury/illness 15 days prior to baseline testing.
Exclusion criteria included: (i) being a goalkeeper, (ii) pain, illness, or injury which pre-
vented the player from performing the tests used in the study, (iii) playing less than 15 min
per game prior to occurrence of injury in the following half-season.

This prospective study included baseline testing and during a follow-up period (first
competitive half-season in 2019/20) (Figure 1). At baseline (January 2020), we tested
predictors, and during the follow-up period (continuously over a period of six months after
baseline) we observed outcomes (injury status) (Figure 1).
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2.2. Variables and Measurements

In this investigation we observed predictors and outcomes. Predictors included age (in
years), age when players started to play football (later described as experience in football),
anthropometric indices, flexibility, reactive agility, and change of direction speed. Injury
status over the competitive half-season was the outcome.
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Anthropometrics included (i) body height (in 0.5 cm) (Seca, Birmingham, UK), (ii) body
mass (in 0.1 kg) (Tanita TBF-300, Tanita, Tokyo, Japan), both measured with standardized
techniques and calibrated equipment, and (iii) calculated body mass index (BMI; in kg/m2).

We used two tests of flexibility, the sit and reach test (SIT&REACH), and a test of
maximal abduction (MAXABD). The SIT&REACH was commenced under standardized
conditions. In brief, the participant was instructed to sit on the floor, with his bare feet
placed vertically against a measuring box. He had to lean forward maximally while keeping
his knees and arms fully extended, to reach maximally along the measuring tape on the
box, and to maintain the final reaching position for approximately 3 s. The measurement
was carried out over three trials, and after the reliability analysis showed high consistency
of the measurements (intra class correlation (ICC) of 0.96), the highest score was kept as the
final result for each participant [33].

The MAXABD was performed using standardized settings and equipment. Each
participant sat on the floor, resting his back on the wall, and was instructed to perform
maximal voluntary leg abduction while keeping his legs constantly in contact with the
floor, and knees fully extended. The maximal distance between the inner malleoli of the
right and left legs was measured. The test was performed over three trials and, following
the reliability analysis which confirmed appropriate reliability (ICC = 0.93), the maximal
score was recorded as the final result for each participant [34].

The CODS and RAG were tested using an originally developed hardware system
based on an ATMEL micro-controller (model AT89C51RE2; ATMEL Corp., San Jose, CA, USA).
This measurement equipment has been repeatedly used in studies involving athletes
from various sports, including football [21,27]. For the measurement, a photoelectric
infrared sensor (E18-D80NK) was used as the time triggering input, and LEDs placed in
the 30-cm-high cones were used as controlled outputs. Distances used in RAG and CODS
were identical (Figure 2), but execution of the tests differed with regard to testing scenarios
(e.g., pre-planned and unplanned testing templates—see the following text for details).
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For both agility tests, the player ran at maximal intensity through the gate, and when
he crossed the infrared signal timing began. At the same moment (no time delay), one cone
(either “A” or “B”) was lit. The player had to run at maximum speed in the designated
direction, kick the ball with the inside of the foot toward the goal, and then turn and run
back as quickly as possible to the starting gate. The timing stopped when the player passed
the gate on the way back. For CODS testing, players were informed about which cone
would be lit in each trial, and therefore the movement template could be pre-planned. Four
trials were performed (A, B, A, B for trials 1–4, respectively), and there was a rest of 20 s
between trials. For RAG testing, players did not have information on which cone would be
lit up, so their movements were not pre-planned. Despite the fact the players did not know
the template of RAG testing in advance, all players were tested using the same sequence
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throughout the five trials (trial 1: A cone, trial 2: B, trial 3: B, trial 4: A, trial 5: A), with 20 s
of rest between trials.

In this study we separately observed performances on dominant and non-dominant
sides for both CODS and RAG, as recently suggested [35]. In evidencing dominant and
non-dominant side performance, we calculated the average of the first and third trial for
CODS (e.g., average performance in the direction of cone A), and the average of the second
and fourth trial (average for direction cone B). The better score marked the dominant side,
while the poorer result was considered to mark the non-dominant side. Similarly, the
average of the first and fourth trial was compared to the average of the second and third
trial for RAG, and dominant vs. non-dominant sides were established accordingly. The
reliability of the CODS was better than the reliability of the reactive agility (intra class
correlations of 0.89 and 0.79 for CODS and reactive agility, respectively), but this was
expected and has been explained in detail previously [23].

The Oslo Sports Trauma Research Center Overuse Injury Questionnaire (OSTRC) was
used for injury recording [36]. Players were questioned with the OSTRC once a week by the
team physician, who sent the results to the main investigator (first author). The outcomes of
this study were the incidences of musculoskeletal injuries that occurred during the study in
four body regions: ankle, knee, back, and shoulder. Each answer in the OSTRC corresponds
to a score. For each question (body location), a score between 0 and 25 is given, and a
theoretical score (sum) ranging from 0 to 100 is calculated for four body regions. Reported
scores of >39 were classified as injuries. Together with injury reports, physicians reported
the total number of hours of training/games for their team. Finally, injuries were reported in
total, along with in number of injuries per 1000 h of training/game. Although we observed
multiple injuries occurring, for the purposes of statistical analysis and identification of the
relationships between predictors and outcome, we did not differentiate single injuries from
multiple injuries [37].

2.3. Statistics

The Kolmogorov–Smirnov test was used to check for the normality of the distributions for
all variables, and all variables but injury occurrence were found to be normally distributed.
Consequently, means and standard deviations were reported for all normally distributed
variables, while frequencies and percentages were reported for injury occurrence.

T-test for independent samples was performed to identify the differences between
groups based on injury occurrence. Additionally, differences between injured and non-
injured players were evaluated by magnitude-based Cohen’s effect size (ES) statistics
(including 95% Confidence Intervals—95%CI) with modified qualitative descriptors, using
the following criteria: <0.02 = trivial; 0.2–0.6 = small; >0.6–1.2 = moderate; >1.2–2.0 = large;
and >2.0 very large differences.

The associations between the studied predictors and outcomes were evaluated by
a logistic regression calculation using binarized criteria on the categorized OSTRC scale
(0 = absence of injury, 1 = injury). The odds ratios (OR) with the corresponding 95% CI
are reported. In the first phase, predictors were univariately correlated with outcomes. In
the next phase, all significant predictors were simultaneously included in the multivariate
logistic regression calculation, in order to control the possible confounding effects of the
predictors. The Hosmer–Lemeshow test was used to check the model fit (with a significant
χ2 indicating an inappropriate model fit).

Statistica version 13.5 (Tibco Inc., Palo Alto, CA, USA) was used for all analyses, and a
significance level of p < 0.05 was applied.

3. Results

During the period of this research, 35 players (32%) suffered from injury, while
75 (68%) did not experience any injury as evidenced by the OSTRC questionnaire.

Over approximately 40,000 h of training/game, 51 injuries occurred in total, resulting
in 1.3 injury per 1000 h of exposure (training/game). Of all injuries, 61% (32 injuries)
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occurred during training, while 39% (19 injuries) occurred during games. Since games
accounted for 12% of overall players’ exposure during study period, the risk for being
injured during a game was three times higher than the risk for being injured during training
(OR = 3.1, 95%CI: 1.63–5.88).

A total of 8% of players suffered from multiple injuries. On average, each player
suffered from 0.46 injuries over the study period.

Injured players were older (t-test = 2.43, p < 0.05, moderate ES differences), more
experienced in football (t-test = 2.02, p = 0.02, moderate ES differences), more involved in
the game (t-test = 4.23, p = 0.01, moderate ES differences), and achieved poorer results in
RAG-D (t-test = 2.03, p < 0.05, moderate ES differences) and RAG-ND (t-test = 2.47, p = 0.02,
moderate ES differences) (Table 1).

Table 1. Descriptive statistics and differences in study variables between injured and non-insured
players.

Variables Injured (n = 35) Non-Injured (n = 75) t-test Effect Size
Mean SD Mean SD t-test p d (95%CI)

Age (years) 26.2 4.4 23.8 4.8 2.43 0.02 0.51 (0.11–0.92)
Experience in football (years) 16.97 2.93 14.79 2.87 2.02 0.03 0.75 (0.34–1.16)

Playing time (min/game) 67.11 7.03 58.98 8.98 4.23 0.01 0.96 (0.54–1.38)
Body height (cm) 187.87 6.78 185.25 7.21 0.25 0.79 0.37 (−0.03–0.77)
Body mass (kg) 78.99 7.51 79.00 6.25 0.01 0.99 0.01 (−0.4–0.40)

Body mass index (kg/m2) 23.32 1.23 23.26 1.18 0.22 0.81 0.05 (−0.35–0.45)
CODS-ND (s) 2.87 0.25 2.89 0.31 0.24 0.78 0.06 (−0.33–0.46)
CODS-D (s) 2.74 0.2 2.76 0.39 0.3 0.74 0.06 (−0.34–0.46)
RAG-ND (s) 3.15 0.20 2.94 0.24 2.47 0.02 0.92 (0.50–1.34)
RAG-D (s) 3.08 0.19 2.94 0.25 2.03 0.04 0.66 (0.25–1.07)

SIT&REACH (cm) 30.26 7.51 29.69 7.39 0.34 0.72 0.07 (−0.32–0.47)
MAXABD (cm) 138.35 12.79 138.57 13.25 0.07 0.8 0.016 (−0.38–0.42)

Legend: CODS—change of direction speed, RAG—reactive agility, D—dominant side, ND—nondominant side,
SIT&REACH—sit and reach flexibility test, MAXABD—maximal abduction flexibility test

Results of the univariate logistic regression calculations are presented in Figure 3. Uni-
variate logistic analysis evidenced significant correlations between playing time (OR = 2.01,
95%CI: 1.560–2.58, p < 0.001), players’ age (OR = 1.65, 95%CI: 1.25–2.22, p < 0.01), experience
in football (OR = 1.51, 95%CI: 1.03–2.08, p < 0.05), RAG-D (OR = 1.18, 95%CI: 1.04–1.33,
p < 0.05) and RAG-ND (OR = 1.21, 95%CI: 1.09–1.35, p < 0.05), and injury occurrence. Evi-
dently, the risk of injury over the competitive half-season was higher for players who were
more involved in active play, older players, those who had more experience in football, and
those who performed worse in either reactive agility test.

When all significant predictors were simultaneously included in multivariate logistic
regression, significant associations were retained for playing time (OR = 1.81, 95%CI:
1.55–2.11, p < 0.001) and RAG-ND (OR = 1.15, 95%CI: 1.02–1.28, p < 0.05), with proper
model fit as indicated by Hosmer Lemeshow test (p > 0.05). Specifically, players who were
more involved in the game and who performed poorly in the reactive agility task on the
non-dominant side were more prone to injury over the study period (Figure 4).
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4. Discussion

The main aim of this study was to investigate the influences of RAG and CODS agility
components on injury occurrence in professional football players, and we hypothesized
lower risks of injury in players who performed better on the football-specific tests of CODS
and RAG. Regarding this, there are several important findings of the study. First, at the
univariate level, older age, longer playing time, and poor performances in both RAG tests
(RAG-ND, and RAG-D) were identified as risk factors for injury occurrence. However,
the multivariate model identified longer playing time and poorer RAG-ND as the only
significant risk factors for injury occurrence. As a result, our initial hypothesis may be
partially accepted.

4.1. Age and Playing Time as Predictors of Injury

Our results suggest that older football players are more prone to injuries, and this is
generally supported by previous reports. Even studies carried out 30 years ago have shown
that the incidence of injuries in football increases with the age of the players (0.0331 versus
4.021 injuries in youth and professional players, respectively) [38]. This difference can be
seen even in younger age categories, where the incidence of injuries is five times lower
among athletes aged 7 to 12 compared to those older than 12 [38]. This is not characteristic
only for males, as age has been shown to be a significant risk factor in a prospective study
of female football players also [39]. Although it is clear that injury incidence will be affected
by the large difference in intensity between training and games (through it increases in
both settings with age), older players will undoubtedly be exposed to higher training loads
over the years, which itself increases the risk of injury [38].

A prospective cohort study of 23 elite European teams showed that over a 7-year
period, a significantly higher incidence of injuries was observed in matches compared to
training sessions (27.5 vs. 4.1, per 1000 h of exposure) [12]. Supportively, results of our
study suggest that active involvement in the game (e.g., playing time) increases the risk of
injury. However, it is important to note that in our multivariate logistic regression model
(when all significant predictors were simultaneously included in the model), playing time
actually diminished the influence of age on injury occurrence. In other words, older (i.e.,
more experienced) players spend more time playing in games and play more matches,
which naturally increases their likelihood of being injured [12,40–42].

It is relatively well documented that that a larger amount of exposure to soccer directly
correlates with the number of injuries [43,44]. A study of 41 teams in the four best divisions
in Sweden stated that exposure to soccer and ankle sprain injuries per player were more
frequent in higher divisions [44]. Similar findings were presented in a study of female
soccer players, where multivariate logistic regression showed that higher exposure to soccer
significantly increases the risk of traumatic leg injuries [43]. Additionally, a study of South
African Premier Soccer League clubs showed that, besides other factors, exposure time to
soccer has an impact of the risks and mechanisms of injuries [45]. Therefore, our results are
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generally supported by previous considerations regarding playing time as a risk factor for
injuries in soccer.

4.2. Reactive Agility and Injury Occurence

One of the most important findings of this study was that players who achieved
better results on RAG tests had lower incidences of injury. At the same time, results on
the CODS tests were not significantly related to the frequency of injuries. In analyzing
these findings, the differences between determinants of CODS and determinants of RAG
should be considered. In brief, CODS is primarily influenced by motor capacities (e.g.,
speed, power, and coordination) and anthropometrics. On the other hand, the importance
of these factors is not so pronounced in RAG, where perceptual and decision-making skills
(e.g., visual scanning, anticipation, pattern recognition and knowledge of situations) are
highly important [19]. It is therefore reasonable to conclude that players who achieved
better results on RAG generally have better perception of the environment during games
and react better to new situations.

The movements of players during a football game are constantly influenced by the
movement of teammates, opposing players and the ball. As a result, faster and better
decision making is expected to be a protective factor against dangerous and risky situations.
More specifically, a player with better RAG will be able to recognize a potentially risky
situation beforehand, and to avoid unnecessary duels or collisions with the opponent.
Additionally, a player who has better RAG can react in a timely manner and prevent
additional high-intensity stress to his muscles, such as sprinting, sudden breaking, and
similar movements that risk injuries [7].

A recent systematic review of the associations between physical fitness and muscle
injuries has found that certain levels of flexibility, power, speed, and balance present risk
factors for injury occurrence, but the authors stated that no study has analyzed the relations
between agility and muscle injuries in football [9]. That said, we did find one study
where the authors examined the influence of agility on injury occurrence in Australian
rugby. In this study, rugby players with poorer RAG performances, specifically longer
decision times, had a lower risk of injury [46]. These results were surprising, even for the
authors themselves, who originally expected that RAG would be protective against injuries.
However, their explanation was that players with poorer reaction times can inadvertently
avoid severe collisions which lead to injuries and have just partial contact with opponents
which does not result in full force tackles [46].

Although the finding from the previously cited Australian rugby study disagrees
with our findings (we found a lower injury risk for players with better RAG), several
important facts could explain the disagreement. First of all, rugby is a contact sport where
frequent hitting and tackling occurs, and in the aforementioned study, contact injuries were
analyzed [46]. On the other hand, in this research, both contact- and non-contact injuries
were analyzed. Furthermore, in the study on rugby players, the playing time was not
analyzed as a predictor of injuries. Therefore, it was possible that those players who spent
more time in the game had better RAG, and because of that were simply more exposed
to high-risk situations. This is particularly important if we consider that better RAG in
rugby is closely related to the qualitative level of players, and therefore it can be assumed
that these players will spend more time in game play [47,48]. Finally, in the rugby study,
a significant predictor of injuries was “decision time during RAG” (and not RAG itself).
Although an important determinant of RAG, “decision time” is actually only one part
of RAG performance. On the other hand, herein we used a sport-specific RAG test that
includes a specific ball manipulation task, which entails a much more complex movement
pattern, all the more so considering the dominant and non-dominant-side testing.

4.3. Dominant vs. Non-Dominant Side Reactive Agility Performances and Injury Occurence

RAG-ND stands out as the more significant predictor of injury occurrence than RAG-D.
More specifically, when we calculated multiple logistic results, the RAGND was a significant
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predictor of injury occurrence, together with playing time. The first reason for the fact
that RAGD was not a significant predictor in the multivariate calculation can probably be
found in the level of the players (professional players with more than 10 years of experience
in systematic football training). Therefore, all participants were highly skilled, and their
dominant-side performances (irrespective of the unplanned nature of the task for RAG)
were highly efficient. On the other hand, execution of the RAG test on the non-dominant
side actually presents the “real-world” unpredictable movement template and is logically
more related to eventual discrepancies in reactive agility tasks on the field [49].

Specifically, RAG represents coping in emerging situations [50]. Since the RAG-D test
for our players enabled them to use their highly refined skills, the RAG-ND was more
likely to be a significant predictor of injury, since it was more likely to be representative of
unexpected circumstances. Indeed, during the game, footballers have 1200–1400 changes
of direction, which occur on average every 2 to 4 s [51]. These events include path changes,
jumping, acceleration, and deceleration, and themselves represent risky movements in
terms of injury [52,53]. Since most of these high-risk-movements take place under the
influence of external stimuli (i.e., reactively), the importance of RAG (especially when
executed on the non-dominant side) in the prevention of injuries is clearly substantial.

4.4. Limitations and Strengths

The most important limitation comes from the fact that we observed players over one
half-season only. Therefore, we lacked data on injuries later in the season. Second, in this
study we used OSTRC as an overall index of injury status. There is no doubt that some of
the injuries recorded by the OSTRC in our study could not be (even theoretically) connected
to the studied motor capacities but are clearly related to collisions and contact (shoulder
injuries, for example). However, we were of the opinion that the arbitrary elimination of
some injuries from the record would have resulted in even greater error, so we included
all recorded injuries. Additionally, our study involved professional football players from
only one country, and during a specific period of time (a season which was interrupted by
COVID-19 lockdown). Due to the great deal of contextual factors which are known to be
related to specifics of the sport (even injury occurrence), the results are generalizable to
samples similar to the one observed in our research.

This is one of the first studies where different agility components were related to injury
occurrence in professional team sports, and to the best of our knowledge the first one where
this was done for football. We observed professional football players competing at the
highest level of national competition. The usage of the football-specific tests of CODS and
RAG, and separate evaluations of the performances on the dominant and non-dominant
sides, are important strengths of the study. Therefore, although this investigation is not the
final word on a topic, we hope it will increase knowledge and initiate further studies.

5. Conclusions

This study highlighted the importance of RAG as a predictor of injury occurrence.
Generally, professional players perform numerous changes in direction per game in pre-
planned and unplanned scenarios, and these manoeuvres are often performed rapidly
when they do not have full control over their bodies. Therefore, it is clear that scenarios
requiring reactive agility present particularly risky conditions for dysfunctional locomotion,
and consequently may result in injury. As a result, coaches working with football athletes
should pay particular attention to mastering technical movement skills which will assure
musculoskeletal safety in RAG tasks.

Special attention should be paid to RAG performance on the non-dominant side.
Specifically, we studied professional players, and almost certainly their dominant-side
RAG performances were highly refined. In other words, despite the differences in RAG-D
performance, the technical quality of the RAG-D execution for most of the players was
almost certainly proficient, and therefore safe. Meanwhile, RAG-ND was found to be
an important determinant of injury occurrence, even when statistically controlled for the
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most significant factor of influence—playing time. This clearly points to the necessity of:
(i) independent evaluation of RAG performances on dominant and non-dominant sides,
and (ii) specific mastering of RAG on the non-dominant side in professional football players.

Playing time was found to be most important risk factor for injury occurrence in the
studied players. While games present the most important psycho-physiological stress on
players, resulting in large numbers of injury-risk situations, such results are expected and in
line with previous reports. As a result, in order to decrease the risk of injury in professional
football, special attention should be paid to players who are on the field during games for a
long time, especially if they are older and lack RAG.
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Abstract: Chronic ankle instability (CAI) has a higher frequency in soccer due to the rapid changes
in body movement. Thus, this study compared the effects of eight weeks of a hopping protocol
and a combined protocol of balance plus strength in a within-between group analysis. Thirty-six
male professional soccer players participated in this study and were randomly allocated in three
groups: control group (CG, n = 12), hopping group (HG, n = 12), and balance plus strength group
(BSG, n = 12). Strength, static and dynamic balance, and function were assessed at baseline and eight
weeks post intervention. First, Foot and Ankle Ability Measure (FAAM) and FAAM sport scales were
applied. Then, a dynamometer was used to measure strength of the muscles around the hip, knee,
and ankle joints. The Bass stick measured static balance and the Y balance test measured dynamic
balance. Additionally, functional tests were carried out by Triple Hop, the Figure 8 hop, and vertical
jump. A repeated measures ANOVA [(3 groups) × 2 moments] was used to compare the within
and between group differences. In general, all tests improved after eight weeks of training with
both protocols. Specifically, the BSG improved with large ES for all tests, while the HG improved all
test with small to large effect sizes (ES). Furthermore, HG showed higher values for vertical jump
(p < 0.01, ES = 1.88) and FAAMSPORT (p < 0.05, ES = 0.15) than BSG. BSG showed higher values for
hip abduction (p < 0.05, ES = 2.77), hip adduction (p < 0.05, ES = 0.87), and ankle inversion (p < 0.001,
ES = 1.50) strength tests, while HG showed higher values for knee flexion [ES = 0.86, (0.02, 1.69)] and
ankle plantarflexion [ES = 0.52, (−0.29, 1.33)]. Balance plus strength protocol showed more positive
effects than the hopping protocol alone for soccer players with CAI.

Keywords: dynamic balance; isometric; jump; stability; static balance

1. Introduction

Chronic ankle instability (CAI) is characterized by a wide spectrum of long-term
sensorimotor and mechanical deficits that cause recurrent damage to the lateral ankle-
ligament complex, and consequently, a subjective feeling of ankle-joint instability during
functional or dynamic movements [1]. CAI can be caused by lateral ankle sprain, which is
one of the most common injuries during exercise and daily living activities [2–4]. This type
of injury accounts for 15 to 30 percent of sports injuries and has a return rate to training
of ~75 percent [3]. Generally, injuries such CAI occur more frequently in soccer, futsal,
basketball, volleyball, and sports that require a rapid change in direction [5]. Consequently,
it is known that one of the most important lower extremity joints that helps maintain one’s
center of mass and body control stability is the ankle [6]. Postural control has both static and
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dynamic dimensions. The effort to maintain a high level of support with the least amount
of movement is called static posture control, and the attempt to maintain a high level of
support while performing several movements is called dynamic posture control [7,8]. As
one of the controversial concepts of the sensory-motor system, the topic of postural control
explores the complex and Interrelated relationship between sensory inputs and the motor
responses required to maintain or modify the posture [5].

An ankle injury could be related to various mechanical receptors, such as the articular
capsule, ligaments, and tendons of the ankle joint [2]. When afferent inputs change after
injury, muscle contractions change, and therefore, mechanical receptor injuries can lead to
functional and balance issues, deficits in strength, and chronic instability [2,5]. However,
several exercise training programs, such as balance, Pilates, core stability, aquatic therapy,
and proprioception exercise, have been shown to improve static and dynamic balance
of people with CAI [2,5]. Despite evidence on improving muscle strength, there has
been conflicting research concerning effects on proprioception of balance [9]. Another
training approach that recently showed improvements in athletes with CAI is the use of
hopping protocols [10,11]. Ardakani et al. [11] showed that a six-week hopping protocol
improved Foot and Ankle Ability Measures (FAAM), Cumberland Ankle Instability Tool
(CAIT), Foot and Ankle Outcome Score, Peak Ground Reaction Forces, Time to Peak
Ground Reaction, and several movements of the hip, knee, and ankle in male university
basketball players with CAI [11]. Minoonejad et al. [10] also showed improvements in
FAAM, CAIT, and Foot and Ankle Outcome Scores, as well as preparatory muscle activation,
reactive muscle activation, and muscle onset time across the lower extremity with six weeks
hopping protocol. However, none of the previous studies analyzed static and dynamic
balance [10,12]. The literature is scarce on the effects of isolated plyometric training and
those that combine balance plus strength training on neuromuscular adaptation on chronic
ankle instability in soccer players. On the one hand, ankle sprain is common among soccer
players; on the other hand, dynamic and static balance are essential to the soccer game.
Therefore, the main aim of the present study was to compare the effects of two exercise
training programs (a hopping protocol and a combined protocol of balance plus strength)
in professional soccer players. The primary hypothesis was that both training protocols
can improve function, balance, and strength of lower extremity muscles in soccer players
with CAI. The secondary hypothesis was that balance plus strength would provide better
effects than a hopping protocol.

2. Materials and Methods
2.1. Design

The present study is a randomized clinical trial with an IRCT code of
IRCT20190830044643N1, with control group, parallel groups, and two blinding testers
(certified strength and conditioning professionals).

2.2. Participants

This study was conducted with men professional soccer players suffering from CAI in
Iran. Thirty-nine players were selected from two first-division professional clubs (Azadegan
league) across the country.

A questionnaire was used to collect information about exercise history, and CAI
was diagnosed by the team physician, who has a sports medicine degree, following the
International Ankle Consortium, which means that for an injury to be considered as CAI,
the following inclusion criteria were adopted [13]: at least one severe ankle sprain in the
past; the first sprain must have happened at least 12 months before enrolling in the trial; the
initial sprain has to be accompanied by inflammatory signs (i.e., pain, edema, and so on); at
least one day of targeted physical activity must have been disrupted by the first injury; the
most recent injury must have occurred at least three months before enrolling in the study;
previous ankle joint injury that gives way, recurrent sprain, or feelings of instability; in the
six months leading up to study enrolment, participants must report at least two occurrences
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of their ankle giving way; experiencing a recurring sprain, which is defined as two or more
sprains on the same ankle; instability in the ankle joint; Cumberland Ankle Instability
Tool < 27, which confirmed self-reported ankle instability [14]. Additionally, the following
exclusion criteria were applied: history of past musculoskeletal surgery in either lower
extremity limb; history of a fracture in one of the lower extremity limbs that necessitated a
realignment; acute damage to the musculoskeletal structures of other joints in the lower
extremity in the past three months that resulted in at least one day of missed physical
activity; ankle anterior drawer test was positive; only one training session was missed.

The selection of subjects with CAI was conducted through a clinical anterior drawer
test of ankle, and scores were obtained using the CAI questionnaire (i.e., Cumberland
Ankle Instability Tool) [13,14]. The questionnaire, which consists of nine multiple-choice
questions, provides information on the extent and onset of pain and symptoms associated
with functional ankle instability. A lower score indicates greater severity of the injury as
experienced by the person answering. The validity and reliability of this questionnaire in
assessing the severity of ankle sprain injury have been confirmed by previous studies [15].
The functional stability score of the ankle is between 0 and 30; a score range of 27 to
30 represents good health of the ankle, while a score between 0 and 27 indicates more
severe ankle instability [16]. The following eligibility criteria to participate in the training
protocols were applied. Inclusion criteria: (1) players had unilateral ankle instability
(dominant leg); (2) no musculoskeletal abnormalities of the lower extremity and no lower
back pain; (3) players had to complete a minimum of 85% of training sessions; (4) no
injuries in the last three months. Exclusion criteria: (1) absence in three training sessions
and/or tests; (2) stop following the intended exercise protocol.

Before staring the study, players and their parents signed the informed consent
form to be examined according to the ethical principles contained in the Declaration
of Helsinki (2013), and they declared their voluntary participation. Ethical permission was
given by the Human Ethics Committee at the University of Tarbiat Modares Iran code of
IR.MODARES.REC.1397.043.

2.3. Sample Size

In order to achieve sample power, a priori F-test family, with the statistical test of
ANOVA: repeated measures, within-between interaction (α = 0.05, 1 − β = 0.95 and d: 0.5),
through G*Power software (RRID:SCR_013726) was used [17]. A minimum of 21 subjects
should be included in the analysis to achieve 97% of actual power. Thus, a total of 39 players
were selected to this study. Three players did not complete the assessments. All players
were committed to finish the training session unless they were injured. In the present study,
three players withdrew from the intervention due to injuries, such as an injury in a within-
team match in the second week (two players in control group). In addition, one player
from BSG did not participate in the post test. Therefore, 36 players were considered for
further analysis into the three groups: hopping group (HG), BSG, and control group (CG).

2.4. Randomization

A blinded person generated the allocation sequence, and two other researchers as
trainers enrolled players and assigned them to interventions. The allocation sequence was
random. Additionally, the allocation sequence was concealed until players were enrolled
and assigned to interventions.

Players were assigned to one of three groups with an equal randomization (ratio of
1:1:1) (Figure 1). Randomization was performed by a blinded person who did not know
the aims or design of the study. Randomization was performed with each person-specific
naming code (up to 39) previously sealed: the blind person was asked to place 13 cards in
three balls [18].
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2.5. Procedures

All players performed a routine of exercises planned by the coaches and certified strength
and conditioning professionals. Prior to the tests, the participants executed a standardized
5-min warm-up protocol consisting of a series of double leg squats (2 × 8 repetitions) and
double leg maximum jumps (2 × 5 repetitions), followed by dynamic calf-stretching with
a straight and bent knee. The intervention groups performed three additional training
sessions 1–2 h before the start of their routine training per week (45–60 min, each session)
accordingly to the group attributed, while the CG only performed the regular soccer training
sessions. The players who were in intervention groups rested between 30–60 min until
starting the regular soccer sessions. These sessions were held on Mondays, Wednesdays,
and Fridays and were composed of speed endurance sessions (e.g., long sprints, repeated
sprints), aerobic high-intensity sessions (e.g., interval training, medium-to-large sized
games), and ball-possession games or team/opponent tactics sessions, respectively. On
Tuesdays, Thursdays, and Saturdays, all players rested. On Sundays, they played one
within-team match per week (intra-team friendly match).

The intervention occurred in the pre-season and lasted eight weeks. The intervention
groups were assessed one week before the start of training and one week after, while the
CG was assessed one week before and two weeks after the training programs finished.

Before intervention protocols, demographic data and exercise history were collected.
Static and dynamic balance were assessed using Bass-Stick and Y-balance tests (Move 2
Perform, Evansville, IL, USA), respectively [19,20]. Muscle strength was assessed by a
handheld manual dynamometer (MMT) (North Coast Made in USA) [21]. Lower extremity
function was assessed through the Functional Indices of Triple Hop test, Figure 8 Hop and
vertical jump tests. Additionally, FAAM and FAAMSPORT disability questionnaires were
used [22]; it should be noted that all evaluations were performed with the dominant leg,
which was specified using the ball kicking test [23]. The test-retest reliability was clinically
acceptable for FAAM (intraclass correlation, ICC = 0.87) and FAAMSPORT (ICC = 0.87) [22].
Both questionnaires included several questions regarding ankle pain and function, includ-
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ing the FAAM Activities of Daily Living (ADL) and Sport scales. The FAAM comprises two
scales: the ADL subscale and the Sport subscale. The ADL subscale consists of 21 questions
that pertain to various functional activities one would encounter in normal daily activity.
The Sport subscale contains eight questions pertaining to different activities that are related
to sport participation. Participants were asked to rate the activity as no difficulty at all
(4 points), slight difficulty (3 points), moderate difficulty (2 points), extreme difficulty (1
point), unable to do (0 points), or N/A (not applicable). The FAAM scores were recorded
as a percentage of 84 points [22].

2.5.1. Assessment of Dynamic Balance

To begin the Y-balance test, the actual lower limb length from the anterior superior
iliac spine to the medial was measured to normalize the data and compare subjects. To
measure leg length, the subject was first asked to lie on the back of the table, then the
distance between the anterior superior iliac spine to the distal portion of the medial ankle
malleolus was repeated twice for each subject and each leg. The mean is then calculated as
the leg length. The subject stood in the center of the room, then rested on one leg and then
on the other leg, returned to normal position on two legs, and remained in this position for
10 to 15 s before the next attempt [20]. Three efforts in one direction had to be completed
before moving in the other direction and had to be performed in a sequential clockwise
or counterclockwise manner. The subject’s toe touched the highest possible point in the
specified directions, while the distance between the contact point center and touched point
was measured in centimeters. The soccer player cannot touch their foot down on the floor
before returning to the starting position. Any loss of balance will result in a failed attempt.
However, once they have returned to the starting position, they are permitted to place
their foot down behind the stance foot. The soccer player cannot place their foot on top of
the reach indicator to gain support during the reach—they must push the reach indicator
using the red target area. The soccer player must keep their foot in contact with the target
indicator until the reach is finished. They cannot flick or kick the reach indicator to achieve
a better performance [20]. Each participant completed 2–3 trials to get familiarized. The
rest time was 30 s between three efforts, and the rest time was 60 s when changing to the
other direction.

The following formula is used to determine the mean balance scores (Y-balance test) in
each direction: total score = Y balance–Anterior (cm) + Y balance–Posteromedial (cm) + Y
balance–Posterolateral (cm)/3. The score was expressed in centimeters [20].

2.5.2. Isometric Tests
Assessment of Isometric Hip Abductor Strength

Hip abductors were measured in a position at the examination table, with a strap at
the desired angle (the hip abducted 10 degrees to maintain normal position). The subject’s
trunk was fixed using a strap attached to the iliac crest superior and around the table. In the
tested leg, the center of pressure of the dynamometer was placed at a point 5 cm proximal
to the lateral line of the knee joint. After zeroing the isometric dynamometer (North Coast
Medical Inc, CA, USA) [21], the subject was requested to perform a maximal isometric
contracture of the hip and to hold it for 5 s three times with an interval of 15 s [24]. The
rest time was 60 s between three trials, and the rest time was 120 s between each of the
isometric tests.

Assessment of Isometric Hip Adductor Strength

The hip adductor strength was measured when the subject was lying sideways on the
examination table, while the hip joint was tested in extension and while it was flexed to
90◦. The subject with the upper hand grasped the edge of the table, and the lower side
was in a comfortable position under the subject. When the dynamometer was positioned
5 cm above the femur’s medial condyle, the subject was required to perform a maximal
contracture and to hold it for 5 s, three times, with an interval of 15 s between each test [24].
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Assessment of Isometric Knee Flexor Strength

Knee flexor strength was measured in a sitting position on the table with the knee
positioned at 90◦ relative to the femur, while the femur was fixed with two bands. The
position of the head dynamometer is considered to measure the flexor force on the knee,
the surface of the distal of the posterior leg. After zeroing the dynamometer, the subject
was requested to perform a maximal isometric contracture of the knee flexion and to hold it
for 5 s. This test was performed three times with an interval of 15 s between each test [24].

Assessment of Isometric Knee Extensor Strength

Knee extensor strength measured in a sitting position on a table with the knee posi-
tioned at 90◦ relative to the hip while the femur was fixed with two bands. The position
of the head dynamometer is considered to measure the extensor force on the knee and
the surface of the distal of the anterior leg. After zeroing the dynamometer, the subject
was requested to perform a maximal isometric contracture of the knee extension and to
hold it for 5 s. For this test, three trials with an interval of 15 s between each test were
performed [24].

Assessment of Isometric Ankle Plantarflexion and Dorsiflexion Strength

The subject was in a sitting position with the knee joint extending to the ankle at 0◦. To
measure plantar strength, a dynamometer was positioned on the proximal metatarsopha-
langeal surface on the palmar surface while lowering the ankle, and to measure dorsiflexor
strength. After zeroing the dynamometer, the subject was requested to perform a maximal
isometric contraction of the ankle plantarflexion and dorsiflexion and to hold it for 5 s. For
this test, three trials with an interval of 15 s between each test were performed [24].

Assessment of Isometric Ankle Inversion and Eversion Strength

Inversion and eversion ankle strength was measured in a lying-back position with
the legs extended outward and forward. After zeroing the dynamometer, the subject was
requested to perform a maximal isometric contraction of the ankle inversion and eversion
and to hold it for 5 s. For this test, three trials with an interval of 15 s between each test
were performed [24].

For all isometric tests, the average of every three isometric contractions performed
was recorded in kg.

2.5.3. Assessment of Triple Hop

This test required a narrow measuring tape that was 6 m long, securely positioned on
the ground (Figure 2). The test involved performing three consecutive hops by traveling
the maximum distance possible and landing on the same foot in each hop, and ultimately
maintaining the landing mode for at least 3 s. Hand movements can be used to maintain
balance. After performing two or three attempts, the subject does a triple hop two times for
the dominant leg, and the total distance traveled is recorded [25]. The rest time was 60 s
between three trials, and the rest time was 120 s between each of the hop/jump test.
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2.5.4. Assessment of Figure 8 Hop

The Figure 8 Hop test was used to measure power, speed, and balance of the lower
extremity, emphasizing one leg control. The path is 5 m long and 1 m wide, with seven
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obstacles (three obstacles at the top, three obstacles at the bottom, and one obstacle in the
center). The subject stood behind the starting line with his dominant leg, while his other
leg was slightly bent from the knee and hip joints. The subject was then instructed to hop
at maximum speed to travel the specified path twice, and the elapsed time was recorded
with a precision of 0.01 s. The subject was requested to hold his hands on the iliac crest
during the test to avoid oscillating hand movements. It is worth mentioning that the subject
performed this trial with shoes. The subject performed one to three experimental attempts,
with a rest interval of 30 s. If the subjects lost balance during the test or something went
wrong, the test was considered an error, and the test was repeated [25].

2.5.5. Assessment of Vertical Jump

The vertical jump test was performed so that the subject would first stand on the
dominant leg wall (the location of the foot on the ground was predetermined). Then, with
a stretched-out hand, the wall was marked to indicate the initial height. Then, the subject
jumped to their maximum, and a sign was put on the wall. This jump was performed three
times. Then, the distance between the base mark and the final mark in each jump was
measured and recorded as the subject’s vertical jump height [26].

2.6. Interventions
2.6.1. Balance plus Strength Protocol

The balance plus strength training protocol consisted of balance and strength types
of exercises (examples in Figure 3) that were performed over eight weeks (three sessions
per week), 45–60 min per session. Additionally, the intensity of exercise increased, with
an increasing number of sets and repeated movements, every two weeks. Specifically, the
intensity of exercise increased (sets and repetitions) by observing the principle of overload
for each person. Rest between sets lasted 30 s and rest between exercises lasted 1 min
(Table 1) [7]. Before and during the balance and exercises, the players were instructed to
focus their strength to hold proper alignment of their body, to maintain a visual point on
the front floor, to ensure the full alignment of the body, to not bend forward from the waist
while undertaking a single leg squat and squat, to not drop the pelvis on the “bridge to
plank”, and to raise your knees as much as possible in the tuck jump.
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Table 1. Balance plus strength protocol.

Exercise

Period of Training at the Week

1–2 Weeks 3–4 Weeks 5–6 Weeks 7–8 Weeks

Set R/S Set R/S Set R/S Set R/S

Bridge to plank (s) 3 20 3 25 4 30 5 30

60-degree trunk flexion (s) 3 20 3 25 4 30 5 30

Scissor movement (R) 3 10 3 15 4 15 5 15

Working with resistance band a (R) 3 10 3 15 4 15 5 15

Movement by wall b (R) 3 10 3 15 4 15 5 15

Single leg squat 3 10 3 15 4 15 5 15

Standing on one foot (s) 3 8 3 12 4 15 5 15

Working with a wobble board c (S) 3 8 3 12 4 15 5 15

Squat Jump (R) 3 8 3 12 4 15 5 15

Tuck jump (R) 3 8 3 12 4 15 5 15

Longitudinal jump (R) 3 8 3 12 4 15 5 15

Lateral jump (R) 3 8 3 12 4 15 5 15

S = Second, R = Repetition; a flexion, extension, abduction, adduction hip; b abduction and adduction hips,
inversion ankle; c balance training (standing).

2.6.2. Hopping Protocol

The protocol consisted of six types of hopping exercises (examples in Figure 4) per-
formed for eight weeks, three sessions per week, and 30 min per session. The intensity of
the exercises was progressively increased by adding exercises and sets. Table 2 present
the Hopping training protocol [27]. Rest between sets lasted 30 s and rest between ex-
ercises lasted 1 min. During training, soccer players were given feedback on postural
control to avoid injury. They were also instructed on the position of the arms (hands-free,
hands behind, or hands-on chest), “keep the focus”, and “feel the foot contact with the
ground, avoiding a valgus overall lower limb alignment on landing, and reducing ground
reaction forces”.

Table 2. Hopping protocol.

Weeks Number of Hops Type of Exercise Set × Repetition

1 70

Side hop with two legs (hands-free) 3 × 10

Forward and backward hop (hands-free) 2 × 10

Forward hop with two legs (hands-free) 2 × 10

2 90

Side hop with two legs (hands-on chest) 2 × 15

Forward and backward hop (hands-free) 2 × 10

Forward hop with two legs (hands-free) 2 × 10

Side hop with one leg (hands-free) 5 × 4

3 100

Side hop with one leg (hands-on chest) 3 × 10

Forward and backward hop with one leg (hands-free) 2 × 10

Forward hop with two legs (hands-on chest) 2 × 10

Zigzag hop with two legs (hands-free) 2 × 10
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Table 2. Cont.

Weeks Number of Hops Type of Exercise Set × Repetition

4 110

Side hop with one leg (hands behind) 2 × 10

Forward and backward hop with one leg (hands-on chest) 2 × 10

Forward hop with on leg (hands-free) 2 × 10

Zigzag hop with one leg (hands-free) 2 × 10

Square hop with two legs (hands-free) 2 × 10

5–6 120

Side hop with one leg (hands behind) 2 × 10

Forward hop with on leg (hands behind) 2 × 10

Forward and backward hop with one leg (hands behind) 2 × 10

Zigzag hop with one leg (hands-on chest) 2 × 10

Square hop with one leg (hands-free) 2 × 10

Figure 8 hop with two legs (hands-free) 2 × 10

7–8 130

Side hop with one leg (hands behind) 3 × 10

Forward hop with on leg (hands behind) 2 × 10

Forward and backward hop with one leg (hands behind) 2 × 10

Zigzag hop with one leg (hands behind) 2 × 10

Square hop with one leg (hands-on chest) 2 × 10

Figure 8 hop with one leg (hands-free) 2 × 10
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2.6.3. Statistical Analysis

Data were analyzed using Statistical Package IBM SPSS Statistics for Windows, ver-
sion 22.0 (IBM Corp., Armonk, NY, USA). A Shapiro–Wilk test was used to assess the
normal distribution of data. Then, Levene’s test evaluated the equality of variances to ver-
ify homogeneity. Data were presented as means and standard deviations (SDs). Repeated
measures ANOVA analysis with partial eta squared (ηp2) and the Bonferroni adjustment
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post hoc test were used to compare pre-post interventions and groups [(3 groups) × 2 mo-
ments]. The significance level was set at p ≤ 0.05. In addition, relative changes (%) and
Cohen’s D effect size (ES) with confidence intervals (CI, 95%) were calculated to measure
the magnitude effects. Cohen’s D method suggested that d = 0.2 is considered a ‘small’
effect size, d = 0.5 is considered a ‘medium’ effect size, and d = 0.8 is considered a ‘large’
effect size [28].

3. Results

Characteristics of the study are reported in Table 3 for each group at baseline. There
were no significant differences between the groups, all p > 0.05.

Table 3. Characteristics of the study groups at baseline (mean ± SD).

Variables BSG (n = 12) HG (n = 12) CG (n = 12) p-Value

Age [years] 21.08 ± 1.78 20.83 ± 1.80 20.58 ± 1.37 0.76
Body weight [kg] 76.41 ± 9.21 75.41 ± 9.62 71.83 ± 7.60 0.42
Body height [cm] 177.58 ± 7.15 176.58 ± 5.59 178.58 ± 2.88 0.60

BMI [kg·m−2] 24.20 ± 0.71 24.18 ± 0.71 21.13 ± 0.13 0.15
Dominant leg length [cm] 100.41 ± 5.93 101.16 ± 3.95 98.50 ± 3.20 0.34

Activity history [years] 6.16 ± 2.62 6.08 ± 2.67 6.25 ± 2.37 0.98

BMI: body mass index; BSG: Balance-Strength training; HG: Hopping training; CG: control group.

The outcomes of the two-way ANOVA and the Bonferroni post hoc test regarding
balance and function tests are presented in Table 4. The ANOVA analysis group x time pro-
vided the following significant results: static balance Bass-stick test (F2.33 = 53.06, ηp2 = 0.82,
p < 0.001), Y balance–Anterior (F2.33 = 69.70, ηp2 = 0.84, p < 0.001), Y-balance–posteromedial
(F2.33 = 30.39, ηp2 = 0.73, p < 0.001), posterolateral (F2.33 = 6.84, ηp2 = 0.38, p = 0.005), total
scores (F2.33 = 60.80, ηp2 = 0.84, p < 0.001), triple single leg hop test (F2.33 = 4.45, ηp2 = 0.28,
p = 0.02), Figure 8 hop (F2.33 = 4.07, ηp2 = 0.27, p = 0.03), vertical jump (F2.33 = 71.90, ηp2 = 0.86,
p < 0.001), FAAM (F2.33 = 5.32, ηp2 = 0.32, p = 0.01), and FAAMSPORT (F2.33 = 69.87, ηp2 = 0.86,
p < 0.001).

Table 4. Training effects (with CI, 95%) for the balance and function variables between groups.

Groups Pre Test (Mean ± SD) Post Test (Mean ± SD) Pre vs. Post Performance
Change (%) Pre vs. Post ES (CI, 95%)

Static balance Bass–stick (s)
BSG 9.33 ± 1.85 15.18 ± 2.64 c ↑ 62.70 2.56 (1.50 to 3.63) ***

HG 10.07 ± 2.24 11.22 ± 2.13 ↑ 11.42 0.52 (−0.24 to 1.39) *

CG 8.85 ± 1.57 8.97 ± 1.73 ↑1.35 0.07 (−0.74 to 0.86)
Y balance–Anterior (cm)

BSG 82.35 ± 6.18 88.56 ± 5.21 ↑ 7.54 1.08 (0.70 to 2.53) ***

HG 82.41 ± 6.30 83.76 ± 5.64 ↑ 1.63 0.22 (−0.57 to 1.03) *

CG 78.20 ± 6.23 78.97 ± 3.11 ↑ 0.98 0.09 (−0.65 to 0.96)
Y balance–Posteromedial (cm)

BSG 87.42 ± 6.63 95.71 ± 4.21 c ↑ 9.48 1.49 (0.65 to 2.47) ***

HG 86.59 ± 4.37 92.27 ± 4.67 a ↑ 6.55 1.25 (0.15 to 1.84) ***

CG 87.81 ± 2.78 88.63 ± 2.81 ↑ 0.93 0.29 (−0.58 to 1.03) *
Y balance–Posterolateral (cm)

BSG 82.54 ± 4.33 89.69 ± 4.01 a ↑ 8.66 1.71 (1.09 to 3.05) ***

HG 80.69 ± 8.09 85.16 ± 6.20 a ↑ 5.53 0.62 (−0.19 to 1.45) **

CG 78.19 ± 3.79 79.75 ± 5.46 ↑ 1.99 0.33 (−0.49 to 1.12) *
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Table 4. Cont.

Groups Pre Test (Mean ± SD) Post Test (Mean ± SD) Pre vs. Post Performance
Change (%) Pre vs. Post ES (CI, 95%)

Y balance–total (cm)
BSG 84.10 ± 3.19 91.32 ± 2.33 c ↑ 8.58 2.58 (1.28 to 3.31) ***

HG 83.23 ± 4.90 87.07 ± 4.23 a ↑ 4.61 0.83 (0.18 to 1.87) **

CG 81.40 ± 1.33 82.45 ± 1.85 ↑ 1.28 0.65 (−0.52 to 1.09) **
Triple single leg hop (cm)

BSG 414.99 ± 8.40 434.98 ± 12.67 b ↑ 1.28 1.85 (1.22 to 3.22) ***

HG 419.63 ± 14.49 442.22 ± 13.56 b,d ↑ 5.38 1.60 (1.03 to 2.97) ***

CG 409.44 ± 15.31 418.15 ± 18.95 ↑ 2.12 0.50 (−0.33 to 1.33) *
Figure 8 hop (s)

BSG 9.00 ± 0.89 7.64 ± 0.34 b,d ↓ 15.11 2.01 (−0.93 to 0.68) ***

HG 9.11 ± 1.11 7.03 ± 0.61 c,f ↓ 22.83 2.32 (7−3.82 to–1.63) ***

CG 9.76 ± 0.70 8.88 ± 1.02 ↓ 9.01 1 (−1.66 to–0.79) ***
Vertical jump (cm)

BSG 21.55 ± 2.21 25.46 ± 1.93 b,d,h ↑ 18.14 1.88 (1.61 to 3.78) ***

HG 22.57 ± 1.40 28.89 ± 1.71 c,f ↑ 28.00 4.04 (2.01 to 4.38) ***

CG 21.04 ± 3.22 22.19 ± 3.20 ↑ 5.46 0.35 (−0.34 to 1.28) *
FAAM

BSG 76.16 ± 3.35 82.33 ± 3.89 a,d ↑ 8.10 1.69 (0.80 to 2.66) ***

HG 76.25 ± 5.04 83.16 ± 3.88 b ↑ 9.06 1.53 (0.95 to 2.86) ***

CG 75.41 ± 4.05 77.16 ± 3.48 ↑ 2.32 0.46 (−0.40 to 1.21) *
FAAMSPORT

BSG 64.16 ± 1.52 70.00 ± 16.51 c,d,i ↑ 9.10 0.49 (−0.33 to 1.30) *

HG 65.25 ± 2.34 72.00 ± 8.59 c ↑ 10.34 1.07 (0.24 to 1.95) ***

CG 65.58 ± 2.06 67.00 ± 4.60 ↑ 2.16 0.39 (−0.42 to 1.20) *

SD: standard deviation; CI Confidence Interval; BSG: Balance-Strength training; HG: Hopping training; CG:
control group; * Small effect size; ** Medium effect size; *** Large effect size; ↓ Decrease; ↑ Increase; a Denotes
significant difference from pre to post training (p < 0.05). b Denotes significant difference from pre to post training
(p < 0.01). c Denotes significant difference from pre to post training (p < 0.001). d Denotes significant difference with
the CG post training (p < 0.05). f Denotes significant difference with the CG post training (p < 0.001). h Denotes
significant difference with the HG (p < 0.01). i Denotes significant difference with the HG post training (p < 0.001).

Regarding pre to post comparisons, BSG showed significant improvements in static
balance Bass-stick test, Y balance–Anterior, Y-balance–posteromedial, posterolateral, and
total scores, triple single leg hop test, Figure 8 hop, vertical jump, FAAM and FAAM-
SPORT, while HG showed significant results in Y-balance–posteromedial, posterolateral,
and total scores, Figure 8 hop, vertical jump, FAAM and FAAMSPORT. CG did not present
significant changes.

Regarding comparisons between groups, BSG presented higher values for Figure 8 hop,
vertical jump, FAAM and FAAMSPORT than CG. HG presented higher values for triple
single leg hop and Figure 8 hop than CG. Finally, when comparing intervention groups, HG
showed higher values for vertical jump [ES = 1.88, (0.93, 2.93)] and FAAMSPORT [ES = 0.15,
(−0.65, 0.95)] than BSG. No other significant differences were noted.

Figure 5 also highlights some of the main results for Y balance–total, triple single leg
hop, vertical jump and FAAMSport.
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Figure 5. Pre to post test of Y- Total, Triple single leg hop, Vertical Jump and FAAMsport. * denotes
difference between pre to post test (p < 0.05). # denotes difference between BSG versus HG (p < 0.05).

The outcomes of the two-way ANOVA and the Bonferroni post hoc test regarding
strength tests are presented in Table 5. The ANOVA analysis group × time provided the
following significant results: hip abduction (F2.33 = 26.84, ηp2 = 0.71, p < 0.001), hip adduc-
tion (F2.33 = 16.15, ηp2 = 0.59, p < 0.001), knee flexion (F2.33 = 25.56, ηp2 = 0.70, p < 0.001),
knee extension (F2.33 = 14.67, ηp2 = 0.57, p < 0.001), ankle plantarflexion (F2.33 = 9.12,
ηp2 = 0.45, p = 0.001), ankle dorsiflexion (F2.33 = 16.91, ηp2 = 0.60, p < 0.001), ankle eversion
(F2.33 = 15.29, ηp2 = 0.58, p < 0.001) and ankle inversion (F2.33 = 36.82, ηp2 = 0.77, p < 0.001).

Regarding pre to post comparisons, BSG showed significant increases in all strength
tests, while HG showed significant improvements in hip abduction, hip adduction, knee
flexion, knee extension, ankle plantarflexion, ankle dorsiflexion, ankle eversion, and
ankle inversion.

Regarding comparisons between groups, BSG presented higher values for hip abduc-
tion, hip adduction, knee flexion, knee extension, ankle plantarflexion, ankle dorsiflexion
ankle dorsiflexion, and ankle inversion than CG. HG presented higher values for knee
extension, knee flexion, ankle plantarflexion, ankle dorsiflexion, and ankle inversion than
CG. Finally, when comparing intervention groups, BSG showed higher values for hip ab-
duction [ES = 2.77, (1.67, 3.87)], hip adduction [ES = 0.87, (0.04, 1.71)], and ankle inversion
[ES = 1.50, (0.48, 2.52)], while HG showed higher values for knee flexion [ES = 0.86, (0.02,
1.69)] and ankle plantarflexion [ES = 0.52, (−0.29, 1.33)].

Table 5. Training effects for the strength variables between pre-post intervention and groups.

Groups Pre Test (Mean ± SD) Post Test (Mean ± SD) Pre vs. Post Performance
Change (%) Pre vs. Post ES (95% CI)

Hip abduction (Kg)
BSG 11.75 ± 1.74 14.79 ± 0.82 c,j,f ↑ 25.87 2.23 (0.98 to 2.90) ***

HG 12.57 ± 1.87 13.58 ± 1.99 ↑ 8.03 0.52 (−0.27 to 1.35) *

CG 11.73 ± 1.03 11.91 ± 0.97 ↑ 1.53 0.17 (−0.68 to 0.92)
Hip adduction (Kg)

BSG 10.51 ± 1.25 13.19 ± 1.36 c,j,f ↑ 25.49 2.05 (1.22 to 3.23) ***

HG 10.46 ± 1.66 12.14 ± 1.02 b ↑ 16.06 1.21 (0.58 to 2.37) ***

CG 10.67 ± 0.93 10.83 ± 0.88 ↑ 1.49 0.17 (−0.68 to 0.92)
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Table 5. Cont.

Groups Pre Test (Mean ± SD) Post Test (Mean ± SD) Pre vs. Post Performance
Change (%) Pre vs. Post ES (95% CI)

Knee flexion (Kg)
BSG 11.49 ± 0.72 13.56 ± 0.82 c,j,f ↑ 18.01 2.68 (1.32 to 3.37) ***

HG 11.79 ± 1.27 13.61 ± 1.43 c,f ↑ 15.43 1.34 (0.69 to 2.52) ***

CG 11.36 ± 0.77 11.58 ± 0.76 ↑ 1.93 0.28 (−0.59 to 1.01) *
Knee extension (Kg)

BSG 11.82 ± 1.56 12.56 ± 1.42 d ↑ 6.26 2.50 (−0.17 to 1.47) ***

HG 11.45 ± 1.55 13.58 ± 0.91 c,f ↑ 21.57 1.67 (0.75 to 2.59) ***

CG 11.17 ± 0.79 11.38 ± 0.38 ↑ 1.88 0.33 (−0.62 to 0.99) *
Ankle plantarflexion (Kg)

BSG 8.93 ± 1.07 11.30 ± 1.07 c,d,j ↑ 26.53 2.21 (1.46 to 3.58) ***

HG 9.24 ± 1.23 11.90 ± 1.23 c,f ↑ 27.13 2.16 (1.29 to 3.33) ***

CG 9.36 ± 0.79 9.66 ± 0.71 ↑ 3.20 0.33 (−0.51 to 1.10) *
Ankle dorsiflexion (Kg)

BSG 8.20 ± 0.73 10.91 ± 1.18 c,d ↑ 33.04 2.76 (10.91 to 8.2) ***

HG 8.71 ± 0.73 11.41 ± 1.28 c,f ↑ 24.69 2.59 (11.41 to 8.71) ***

CG 9.15 ± 0.68 9.42 ± 0.66 ↑ 2.95 0.40 (9.42 to 9.15) *
Ankle eversion (Kg)

BSG 4.69 ± 0.47 6.09 ± 0.72 c,f ↑ 29.85 2.30 (0.91 to 2.80) ***

HG 4.95 ± 0.52 5.48 ± 0.71 ↑ 10.70 0.85 (0.04 to 1.72) **

CG 4.70 ± 0.48 4.87 ± 0.51 ↑ 3.61 0.34 (−0.53 to 1.08) *
Ankle inversion (Kg)

BSG 5.53 ± 0.54 7.45 ± 0.51 c,f,h ↑ 34.71 3.65 (2.55 to 5.20) ***

HG 5.32 ± 0.74 6.49 ± 0.75 c,d ↑ 21.99 1.57 (0.85 to 2.73) ***

CG 5.52 ± 0.63 5.69 ± 0.72 ↑ 3.07 0.25 (−0.57 to 1.04) *

SD: standard deviation; CI Confidence Interval; BSG: Balance-Strength training; HG: Hopping training; CG:
control group; ↓ Decrease; ↑ Increase; * Small. ** Medium. *** Large. b Denotes significant difference from
pre to post training (p < 0.01). c Denotes significant difference from pre to post training (p < 0.001). d Denotes
significant difference with the CG post training (p < 0.05). f Denotes significant difference with the CG post
training (p < 0.001). j Denotes significant difference with the HG (p < 0.05). h Denotes significant difference with
the HG (p < 0.01).

4. Discussion

In the present study, we analyzed two types of hopping and balance plus strength
protocols on balance, strength, and lower extremity strength muscle function in soccer
players with CAI. The overall results of the present study showed positive effects on those
variables which confirmed our first study hypothesis. Specifically, BSG improved with
large ES for all tests, while HG improved all test with small to large ES, which confirmed
our second study hypothesis. The results showed higher values for static and dynamic
balance, as well as strength in the group that performed BSG protocol, which could be
associated when more emphasis is given to the neuromuscular training, which consequently
contribute to a greater effectiveness of this type of training protocol. Another justification
could be the isolated focus on proprioception and muscle strength components in BSG
exercises compared to HG exercises.

Research has shown that muscle weakness and subsequent increased ankle joint
loosening and motor-sensory deficits resulting from the sprain are associated with balance
deficits and postural control [3]. Moreover, it has been shown that muscle weakness and
subsequent increased ankle joint laxity and motor-sensory deficits resulting from the sprain
are associated with balance deficits and postural control [3].
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In this sense, two training protocols (combined training of hopping and core stability
and hopping training alone) provided more desirable outcomes than core stability train-
ing [29]. However, the same authors did not find any significant difference between the HG
that involved the ankle area and the combined protocol (core stability plus hopping) that
included the trunk area in addition to the ankle section. The results of the present study
corroborated the previous findings considering the positive results and the differences in
the protocols.

A research paper examined the effect of 6 weeks of balance training and combined
(balance and plyometric) training using the time to stabilization (TTS) test on the force
plate and balance by the one-leg stand test. The results showed that combined training
(Balance-Plyometric) more effectively reduced postural oscillations in static and dynamic
conditions compared to balance training alone [30].

To justify the greater effectiveness of BSG, it seems that a combination of many types
of exercises together improved the balance and strength of soccer players with CAI. The
study of Hall et al. [30] examined the effects of two types of BSG on balance, strength,
and lower extremity function in people with CAI and showed that both kinds of training
improved those variables [30], which is also supported by the results of the present study.

Exercise interventions on hip and lower extremity strength among players should be
considered because lack of control in these areas will lead to knee valgus dynamic [31].
In this regard, it is stated that the strength of the hip joint is essential for proper walking
mechanics and foot posture when heel contact impact changes postural stability and muscle
strength absorption patterns in the hip and ankle after injury, which can be effective in
reinjury in the future [32]. As stated by the authors, there are training protocols that
improve the strength and endurance of the core muscles that can explain the effect of
enhancing balance so that the core muscles create a solid cylinder, and subsequently,
produce inertia against body perturbation, providing the body with a movement-stable
surface. The abdominal muscles, including the transverse abdominis, rectus abdominis,
medial oblique, and lateral oblique, are all integrated to provide spinal stability and, thus,
a stronger support surface for lower extremity movement [32].

In some cases, the importance of proper activation and stability of the trunk while
maintaining static stance control has also been emphasized [33]. Kibler et al. [34] described
that the activation of the central muscular structure of the body, in patterns associated
with limb movement, contributes to the development of balance and subsequent function.
According to the same authors, the body triggering the core muscles used to yield the
necessary rotational torque around it and to produce limb movement [34]. The second part
of the BSG, balance and proprioception training, can have a greater impact on training
than hopping training. As stated, injury can have a profound effect on proprioception
and neuromuscular control. Munn et al. [35], in a review article on individuals suffering
CAI, reported that secondary postural defect was due to control, neuromuscular, and
proprioception deficits [35]. The outcomes of the present study showed that BSG protocol
was significantly more effective in improving Y-balance test in all directions than the results
of other studies that examined the effect of balance training. Hall et al. also applied a
balance training protocol in the anterior, posteromedial, and posterolateral direction and
reported significant improvements [2].

Researchers have claimed that hopping training creates a link between strength and
coordination and directly enhances competitive performance [36]. The present study
showed positive effects of the hopping protocol on the static and dynamic balance. This
is in line with the outcomes reported by Myer et al. [37] through the application of a
plyometric training program [37]. Therein, Kramer et al. [38] pointed out the importance of
using this kind of training to maintain muscle strength and stated that using plyometric
training may prevent the neuromuscular dysfunction of people with low activity and
people with impaired posture due to prolonged sitting. In addition, balance and muscle
strength are essential parts of hopping protocols [38]. In that regard, Ulrich et al. [39]
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pointed to the greater impact of short-term and explosive training compared to traditional
functional training on activities such as soccer [39].

In terms of comparing the strength of the muscles of the lower extremity, positive
effects were found for both groups with a higher effect for BSG than HG. For instance, the
Figure 8 hop and single-leg triple hop tests, which require consecutive jumps and landing
movements, were improved after eight weeks of training.

Nonetheless, HG showed higher values for vertical jump than BSG. A possible justifi-
cation may be related to many hops and jumps in the hopping training, thus presenting a
greater impact on this factor. The hopping training has been included as a sport-specific
exercise and as a drill designed to improve speed, agility, and aerobic conditioning [40,41]
and is appreciated by players and coaches increasing player compliance and participa-
tion [42–44]. The available evidence suggests that hopping exercises can elicit change in the
stiffness of various elastic components of the muscle-tendon complex of plantar flexors [45].
The hopping training improves the stretch-shortening cycle of muscle function and induces
numerous positive changes in the neural and musculoskeletal systems, and in athletic
performance [46]. Additionally, the hopping exercise has been shown to enhance neuro-
muscular fitness and lower extremity muscle strength, which Kramer et al. [38] pointed out
in their research. One of the possible reasons for advancing the functional characteristics
after participating in HG is to improve neuromuscular adaptation and increase the strength
of the muscles involved in lateral hop, Figure 8 hop, and single-leg triple hop protocols [39].
Another possible reason might be the strength of the joints and their construction muscles to
stabilize the lower extremity joints with deep receptor activity and neuromuscular control
to maintain balance when jumping in different directions. BSG training that also includes
strength training with improving the ankle joint forces improves ankle strength scores
by increasing plantarflexion and dorsiflexion performance as well as strengthening the
ligaments around the ankle, which reduced the pressure applied to the ankle joint and
improved the scores obtained in the ankle and foot ability questionnaire in individuals
with CAI.

Consistent with the previous results, McKeon et al. [47] showed that performing four
weeks of dynamic balance training can improve self-reported function measured by the
FAAM and FAAMSPORTS of non-athletes suffering CAI [47]. Webster and Gribble also
systematically reviewed functional rehabilitation interventions for CAI and stated that
using closed chain rehabilitation training for four to six weeks and three to four sessions
per week significantly improved the self-reported function of people with CAI [48]. One
of the reasons for the improvement in the self-reported function of the participants in the
neuromuscular training is due to the reduction of the limitations on the sensorimotor system
as a result of these protocols. Following the results of previous studies that applied hopping
protocols [10,11], the present study showed improvements on FAAM and FAAMSPORT.
However, our results also revealed that participants from both groups still report symptoms
of CAI [49]. Thus, more studies are needed to confirm the present findings.

It is relevant to highlight that both training protocols were applied in same days of
the regular soccer training sessions. Regular soccer training included endurance sessions
with light and long-term activities (such as jogging and long-distance running on the grass).
Gradually, interval training was implemented during the eight-week period. Nonetheless,
the present study did not address the intensity nor the exercises performed during the
study period by both teams from where participants were recruited, which is a limitation
that should be considered in future studies. For example, future research can employ
body composition and internal and external load variables to address soccer-specific train-
ing, as well as consider other key factors, such as playing position and player’s starting
status [50,51].

Furthermore, other limitations of the present research must be acknowledged. Al-
though we present a sample power calculation, our sample is small, and it originates
from two different teams. For that reason, the results must be carefully interpreted. In
addition, players with bilateral ankle instability were not excluded, and the testing was
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simply performed on the ankle joint with the lower CAIT score, which reinforces that
future studies should assess both limbs instead of only the dominant limb. The number of
sets and repetitions for load progression were balanced between protocols; even so, and
considering the soccer training skills, we believe a comparison of both training protocols is
helpful for coaches and their staff. In addition, it was not possible to access the CG in the
same week of the experimental groups to not change training routines of the players, which
could affect some results, although it is possible to confirm that their physical routines
were kept. Moreover, we could not confirm the reliability of the tests applied, which
should be considered in future studies. Finally, the protocols only have a duration of eight
weeks during the pre-season. It would be beneficial for future studies to test longitudinal
approaches to access the long-term effects of the interventions and to test them during
in-season periods.

Beyond the previous suggestion, future studies can use different tests and training
monitoring practices to provide more knowledge on the training protocols applied. For
instance, the traditional squat, counter movement, or drop jumps can be easily added. A
change of direction and cardiorespiratory tests would also be beneficial to amplify the
results. Lastly, the combination of body composition with internal training load and global
positioning system variables may also consider other key factors, such as playing position,
player’s starting status, or type of week [52].

From a practical point of view, the training protocols of this study lasted 45–60 min for
BSG and 30 min for HG. Balance plus strength training seems to be very long; however, there
were previous studies with such durations [21,53]. Depending on the time available for
training, coaches and/or strength and conditioning professionals can choose the protocol
that better suits their context.

5. Conclusions

This study showed that both BSG and HG improved the balance, strength, and function
of soccer players with CAI. However, the BSG protocol seems to be more effective because it
emphasizes each of these factors separately. It can be more effective than hopping training
(which has strength and balance in nature) and has a greater impact on faster recovery for
soccer players with CAI.
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Abstract: Inspiratory muscle training (IMT) is effective in improving postural stability and balance
in different clinical populations. However, there is no evidence of these effects in soccer players. A
single-blind, two-arm (1:1), randomized, placebo-controlled pilot study on 14 soccer players was
performed with the main aim of assessing the effect of IMT on static balance, and secondarily, of
examining changes in the respiratory muscle function. The experimental group (EG) received an
IMT program with progressive intensity, from 20% to 80%, of the maximal inspiratory pressure
(MIP). The sham group (SG) performed the same program with a fixed load of 20% of the MIP.
Static balance and respiratory muscle function variables were assessed. A two-factor analysis of
variance for repeated measures was used to assess differences after training. Statistical significance
was set at p < 0.05. Significant increases were observed in the EG on length of sway under eyes
open (from 2904.8 ± 640.0 to 3522.4 ± 509.0 mm, p = 0.012) and eyes closed (from 3166.2 ± 641.3
to 4173.3 ± 390.8 mm, p = 0.004). A significant increase in the maximal voluntary ventilation was
observed for both groups (EG p = 0.005; SG p = 0.000). No significant differences existed between the
groups. IMT did not improve the static balance in a sample of soccer players. Conducting a high-scale
study is feasible and could refine the results and conclusions stemming from the current pilot study.

Keywords: inspiratory muscle training; static balance; center of pressure; soccer players

1. Introduction

Postural stability is an essential motor skill in soccer, and postural talent might be
considered an indicator of performance [1]. Soccer is a sport with high physical demands.
Some of them involve the respiratory muscles, which can significantly contribute to the
limitation of exercise, due to muscle fatigue and the effects on blood flow in the limbs
that perform physical work. In addition, postural stability can be altered by respiratory
movements [2–4] since these interfere with the biomechanics of the torso and postural
sway, reducing these aspects under apnea conditions [5] and increasing them with hyper-
ventilation [6]. During a soccer match, players must use their motor skills and control
their posture, while also gathering visual information about other team members as well
as opponents. Due to the conditions of the game itself, it is of paramount importance for
players to have a good balance to control, pass or shoot the ball [7,8].

Inspiratory muscle training (IMT) has been shown to be effective in improving vari-
ables related to postural stability in a wide variety of clinical and healthy populations [9–14].
These effects are supported by empirical data on the assistance of the respiratory muscles
in trunk stabilization: the diaphragm coordinates with the abdominal muscles, therefore

159



Healthcare 2023, 11, 262

generating a hydraulic effect in the abdominal cavity which, in turn, assists the spinal stabi-
lization by stiffening the lumbar spine through increased intra-abdominal pressure [15–18].
This action assists in maintaining postural stability in situations where external forces
(i.e., rapid movement of the upper limb) destabilize the spine, and during reactive and
dynamic tasks [16]. Inspiratory muscle training increases the efficiency of diaphragmatic
phasic contractions, and the ability to increase intraabdominal pressure, improving balance
abilities [14].

Under normal conditions, the respiratory and postural functions of the diaphragm can
be coordinated when the stability of the trunk is challenged by repeated rapid movements
of the limbs [16]. However, this coordination can be affected by several factors, such as
increased respiratory demand due to exercise or weakness of the respiratory muscles [19].
During a soccer game, the respiratory demand is increased, due to high-intensity intermit-
tent activity that requires performers to undertake regular repeated sprints across a 90-min
game, and where the sustained level of effort approaches the anaerobic threshold (75% of
maximal effort).

In a recent case–control study, we found that greater values of inspiratory muscle
strength are associated with shorter path length and less lateral displacement in the closed
eyes condition in a sample of soccer players [20]. This association may lead to the hypoth-
esis that a specific IMT program in soccer players could improve their postural stability.
Data supporting or rejecting this hypothesis are, however, scarce in these populations. In
previous literature reviews encompassing different types of players and specifically involv-
ing soccer players, none of the included randomized controlled trials (RCTs) examined
variables related to balance [21,22]. Thus, the primary objective of this study was to assess
the effect of IMT on static balance, and secondarily, to examine changes in the respiratory
muscle function.

2. Materials and Methods
2.1. Study Design

A single-blind (evaluators) pilot randomized controlled clinical trial was carried out
in a sample of soccer players from the U23 soccer team of the Catholic University of Murcia
(UCAM). The study was developed from February to May 2018. This study has followed the
ethical principles of the Declaration of Helsinki, was approved by the corresponding Ethics
Committee and has been registered in ClinicalTrials.gov under the code NCT03383900. The
CONSORT statements for conducting and reporting this randomized controlled trial were
also followed. All subjects agreed to take part in the study and signed the corresponding
informed consent.

2.2. Participants

Soccer players from the UCAM U23 men’s soccer team during the season 2017–2018
were included in this study. Inclusion criteria included attending training sessions regularly,
alongside participating in over 80% of the games from the start of the season until the first
measurement. Exclusion criteria included severe musculoskeletal injuries and lung-based
pathologies. Informed consent forms were signed by every player included in the study.

All the athletes were requested to continue their current training regime, with no
changes in volume or training intensity.

2.3. Randomization and Masking

After signing an informed consent form, participants were randomly assigned (1:1)
to an experimental group (EG) or sham group (SG), using a computer-generated random
number table. The randomization code was performed by a physiotherapist who did not
participate in the measurements nor in the intervention. Until the end of training, these
codes were known only by the physiotherapist responsible for randomization. Assessors
were also blinded to the participants’ intervention assignment.
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2.4. Interventions
2.4.1. Experimental Group (EG)

The EG players performed IMT with a Power Breathe device model Heavy Resistance—
HR plus (Power Breathe International Ltd., Southam, Warwickshire; England, UK). The
IMT consisted of daily sessions (3 sets of 15 repetitions—inspirations), 6 days a week, for a
period of 8 weeks. The IMT was performed prior to routine training in the changing rooms
of the soccer field and was supervised by a physiotherapist. Whenever players did not train
on the field and/or when a player did not attend the training session, they had to send
a video performing the IMT at home to a WhatsApp group in which the physiotherapist
supervised the activity. The EG players started by breathing at a resistance equal to 20%
of their maximum inspiratory pressure (MIP) for one week. The load was then increased
incrementally, 5–10% each session, to reach 80% of their MIP at the end of the first month.
After week 4, the MIP value was reevaluated and a resistance corresponding to 80% of
this new MIP value was used throughout the second month, therefore achieving a total of
8 weeks of training [23–26].

2.4.2. Sham Group (SG)

Players from the SG performed IMT with Power Breathe. The training program was
the same as that of the EG in terms of frequency and duration, whereas the intensity was
20% of the MIP throughout the training period.

2.5. Measurements

Data were collected by two physiotherapists (FLM, SLOS) experienced in the field of
spirometry. Data collection took place at the same time each day, in the morning timeframe,
in the same facility (Physiotherapy practice room from the UCAM), and under similar
temperature conditions (24–25 ◦C).

2.5.1. Static Balance

Static balance was measured through the analysis of stabilometric variables on a
balance platform (Free Step platform, Rome, Italy), with an active surface of 400 × 400 mm
and 8 mm thickness, and Free-Step v.1.0.3 software (Rome, Italy). Four stabilometric
variables were examined in the bipodal eyes open (BOA) and bipodal eyes closed (BOC)
conditions: length of sway (LS), surface of the ellipse (SE), lateral axis (DX) and antero-
posterior axis (DY). The measurement procedure was performed according to a previously
published protocol [20,27]. The players had to stand on the platform with bipodal support
(45◦) for 90 s with eyes open and 90 s with eyes closed. During the measurement under
the open-eyes condition, the players had to keep their gaze on a fixed point that coincided
with the height of their eyes and was about 2.5 m away from the platform.

2.5.2. Respiratory Muscle Function

To assess respiratory muscle function, both the inspiratory muscle strength and respi-
ratory endurance were examined. Inspiratory muscle strength was measured indirectly,
through the maximal inspiratory pressure (MIP), obtaining values of both the absolute
value of MIP and the predictive value in % of MIP (values of normality in Caucasian popu-
lation) [28]. A maximum inspiratory mouth pressure monitor Datospir Touch (Sibelmed,
Barcelona, Spain) was used. With the individuals in a sitting position and wearing a nose
clip, they were asked to perform a maximal expiration (close to the residual volume),
followed by a maximal inspiration (close to the total lung capacity). The measurement
was carried out by a previously trained physiotherapist, performing a maximum of eight
measurements, until reaching three measurements that obtained a difference of ≤10%, thus
selecting the best result according to the protocol established by the Spanish Society of
Pneumology and Thoracic Surgery (SEPAR) [29].
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Respiratory muscular endurance was obtained by measuring the maximal voluntary
ventilation (MVV): it consists in mobilizing the maximum amount of air in a short period
of time (15 s) with a respiratory rate beyond 80 breaths per minute, according to the criteria
established by the SEPAR [29]. Subjects in a sitting position and wearing a nose clip were
asked to breathe as fast and deep as possible for 15s. Three maneuvers were carried
out with 1-min rest between maneuvers, and the best value among the three maneuvers
was chosen. Data on both MVV in liters (MVV l, MVV% predict) and number of breaths
per minute (MVV bpm) were recorded. These variables were measured with a digital
spirometer (Datospir Touch, Sibelmed, Barcelona, Spain). In addition, data on age, weight
and height were collected.

2.6. Data Analysis

Considering the required sample size, a calculation through G* Power software
(ver. 3.1.9.7; Heinrich-Heine-Universität Düsseldorf, Düsseldorf, Germany; http://www.
gpower.hhu.de/ -accessed on 26 November 2022-) was performed using the following
parameters: one tail, large effect size d = 0.8, alpha = 0.05, statistical power = 0.80 and a
1:1 allocation ratio. The total sample size would consist of 42 subjects (i.e., 21 individuals
per group); therefore, our study corresponds to a pilot study, since a total of 18 subjects
were initially recruited and 14 completed the study (EG = 7; SG = 7). The perception
that pilot trials are simply a casual prelude to a larger trial may somehow threaten the
rigor with which they are implemented, and such an approach to pilot trial design and
implementation runs the risk of providing misleading results, as stated by Arnold et al. [30].
For this reason, the current study followed the recommendations developed by Thabane
et al. [31] for reporting the results of pilot studies.

All results are presented as mean (SD) when applicable. Data were tested for normality
using the Shapiro–Wilk test (considering the final size of 14 subjects). A comparison
of means for independent samples was carried out, using Student’s t-test to determine
possible differences between the experimental and sham groups at baseline. Additionally,
for inspiratory muscle strength at baseline, a descriptive analysis was performed, based on
the predictive values of normality. A two-factor analysis of variance for repeated measures
was used to observe differences after training, both within the same group at different
times (pre-intervention and post-intervention), and between groups (experimental versus
sham) for each one of the variables of interest. Mean differences between groups were also
calculated for the variables approached. Statistical significance was set at p < 0.05. The
effect size was calculated using partial eta-squared and interpreted as small (η2 > 0.01),
medium (η2 > 0.06), or large (η2 > 0.14) [32]. All analyses were performed using SPSS
software version 22.0 (IBM, Armonk, NY, USA).

3. Results
3.1. Selection Process

The UCAM U23 soccer team was composed of a total of twenty-two players. The
initial sample consisted of eighteen players, since four of them did not meet the inclusion
criteria. The random assignment performed led to a distribution of nine players for the EG
and nine for the SG. During the study, there were sample losses. Finally, fourteen players
completed the study (EG = 7; SG = 7) (Figure 1).
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Figure 1. Participant selection and randomization process.

3.2. Characteristics of the Participants

Table 1 shows the sociodemographic and anthropometric characteristics alongside
the values corresponding to the respiratory muscle function and the static balance in both
groups. Groups were homogeneous at baseline, with no statistically significant differences
across variables.

Table 1. General characteristics of the participants (n = 14) at baseline.

Variables IMT (n = 7) Sham (n = 7) p

Sociodemographic

Age (years) 20.00 ± 0.81 20.00 ± 0.57 1.000

Anthropometric

Size (cm) 177.57 ± 4.23 180.42 ± 5.79 0.313

Weight (kg) 71.88 ± 3.79 77.45 ± 8.70 0.147

Respiratory muscle function

MIP (cm H2O) 161.57 ± 31.11 175.42 ± 30.27 0.415

MIP (% pred) 104.80 ± 21.4 111.50 ± 20.80 0.169

MVV (liters) 188.74 ± 30.06 201.78 ± 23.15 0.381

MVV (bpm) 89.89 ± 15.30 86.04 ± 21.58 0.707

MVV (% pred) 98.43 ± 14.00 103.39 ± 12.31 0.495
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Table 1. Cont.

Variables IMT (n = 7) Sham (n = 7) p

Static balance

BOA_LS (mm) 2904.81 ± 640.03 4358.13 ± 1863.14 0.075

BOA_SE (mm2) 70.44 ± 42.04 123.14 ± 56.10 0.070

BOA_DX (mm) 10.06 ± 3.16 12.05 ± 4.00 0.322

BOA_DY (mm) 10.91 ± 3.47 14.75 ± 3.92 0.077

BOC_LS (mm) 3166.22 ± 641.30 4290.61± 1453.5 0.086

BOC_SE (mm2) 78.37 ± 63.52 127.21 ± 74.39 0.211

BOC_DX (mm) 10.01 ± 5.72 12.60 ± 2.85 0.305

BOC_DY (mm) 11.19 ± 4.41 17.43 ± 8.75 0.118
Data are expressed as mean ± standard deviation. MIP = maximum inspiratory pressure; % pred = % predictive;
MVV = maximum voluntary ventilation; bpm = breaths per minute; BOA = bipodal eyes open; LS = length
of sway; SE = surface of the ellipse; mm2 = square millimeters; DX = lateral axis; DY = antero-posterior axis;
BOC = bipodal eyes closed.

3.3. Static Balance

Table 2 shows the results of the analysis of stabilometric variables under the condition
of eyes open and eyes closed with bipodal support. Significant changes were found in
the EG on the variable length of sway under the condition of eyes open (BOA LS) with
an increase from an initial value of 2904.8 ± 640.0 to 3522.4 ± 509.0 mm (p = 0.012). No
significant changes were found in the other stabilometric variables under the open-eyes
condition analyzed. Regarding the closed-eyes condition, the length of sway (BOC LS) also
showed significant changes in the EG with a baseline value of 3166.2 ± 641.3 mm and a
post-intervention value of 4173.3 ± 390.8 mm (p = 0.004). For the rest of the variables under
the aforementioned condition, there were no significant changes in any of the groups.

In relation to the differences between the groups, no significant changes were found.
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3.4. Respiratory Muscle Function

Regarding the inspiratory muscle strength (MIP% predictive) at baseline, the mean
predictive percentage of the fourteen players (total sample) was 108.1% (96.30–120.0; 95%
CI). A total of 25% of the players presented average values below their normality, that is,
below 100% of the predictive one. On the other hand, 50% showed predictive values on the
borderline value of normality, with an average of 102.4% (Figure 2).
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from 175.4 ± 30.2 to 176.0 ± 16.4 cm H2O (p = 0.951) (Table 2). In terms of predictive values,
the EG improved from 104.8 ± 21.4 to 119.5 ± 14.5 cmH2O, while the change in the SG was
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Regarding MVV (Table 3), increases in the number of breaths per minute with sta-
tistically significant changes were observed in both groups. The EG obtained an initial
value of 89.8 ± 15.3 bpm and post-intervention of 143.2 ± 21.9 bpm with p = 0.005, while
the SG obtained a pre-intervention result of 86.0 ± 21.5 bpm and post-intervention of
147.8 ± 33.4 bpm with p = 0.000. Differences between groups were non-significant. Regard-
ing MVV in liters and in % of the predictive value, none of the groups presented significant
increases and no significant differences between groups were found either.
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4. Discussion

The main objective of this study was to determine whether an 8-week inspiratory
muscle-specific training program can improve static balance in soccer players. The results
revealed no improvement in any of the static balance variables studied. Despite the fact that
significant changes in the variable length of sway were stated concerning the experimental
group, these changes corresponded to an increase after the training period, unexpectedly
and counterintuitively. Secondarily, we observed significant increases in the maximum
voluntary ventilation (breaths per minute) in both groups and an important increase,
bordering statistical significance, in the inspiratory muscle strength in the IMT group.
However, no significant differences on any of the variables examined were found between
the groups.

Across all the stabilometric variables examined, significant changes were found only
on the length of sway for the IMT group. Surprisingly, this group showed an increase in
the length of the postural oscillations, both in the eyes open and eyes closed conditions
(although not reaching statistically significant differences when compared to the placebo
group). These results are contradictory to previous studies conducted in other healthy
populations [13,14]. Rodrigues et al. [13] investigated the effect of a 4-week IMT program
on postural balance responses during orthostatic stress in healthy elderly women and
observed a reduction in the CoP distance and velocity in the IMT group compared to the
sham group.

Unfortunately, the scarcity of data on soccer players hinders a possible comparison
with other RCTs carried out on soccer players. In our recent case–control study, we observed
that the inspiratory muscle strength was negatively correlated with sway oscillations [20].
This fact led us to the hypothesis that an IMT program could reduce the oscillations of the
center of pressure in those players. Two possible reasons could explain the contradictory
response observed among our sample of players: On the one hand, the postural strategies
adopted by athletes may differ considerably from those of patients; therefore, the response
to an IMT may be subsequently different. On the other hand, the increase in the length
of sway can perhaps be understood from an ecological-approach perspective, since some
authors affirm that the postural oscillation based on the support of asymptomatic young
subjects, generated by postural fluctuations, can provide sensory exploratory information
about how the body itself interacts with the environment. These fluctuations generate
shifts in the center of pressures and depend on the postural patterns of each individual.
Therefore, from this perspective, the observed results could be interpreted as an increase in
the oscillation to coordinate the postural fluctuations and to have a greater adaptability to
the environment [27,33,34].

In spite of the growing interest concerning the role played by IMT in postural control
and balance, most of the underlying mechanisms that may explain this relationship remain
uncertain. The improvement in the inspiratory muscle strength (MIP) does not seem to
entail a better postural control per se. The enhancement of MIP can have an impact on
other variables which, in turn, can alter postural control. For example, improvement in the
diaphragmatic strength can affect the functionality of the core as a whole, which, in turn,
improves trunk stability and balance.

Regarding the changes on variables concerning the respiratory muscle function, the
players in the IMT group showed an important increase (14% vs. 0.1% in SG) in the inspi-
ratory muscle strength. However, this increase fell short of being statistically significant.
Furthermore, both groups increased their number of breaths per minute in the maximal
voluntary ventilation test, but there was no improvement in the number of liters of air
mobilized per minute. The characteristics of the training protocol and the device used
may have affected the results. In our study, we performed a semi-supervised intervention
protocol, of one daily session, while most authors used two-session-per-day protocols
to train athletes [23–26,34,35]. The frequency of one session per day could, therefore, be
insufficient to achieve important changes across healthy populations. On another note, an
inspiratory threshold load device was used, which may have little effect on the amount
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of air mobilized and, therefore, on the maximum minute ventilation when compared to
devices for voluntary isocapnic hyperpnea [36]. Finally, the results of the evaluation of
the respiratory muscle strength at baseline confirm that these players present a respiratory
condition not very different from other non-athletic subjects [37]. Due to the high demand
that these players present and the subsequent probability of fatigue of untrained respi-
ratory muscles, we believe that monitoring and training these muscles is of paramount
importance.

From a methodological perspective, the aim of the current pilot study was to analyze
the feasibility of a larger-scale clinical trial through the analysis of its validity and feasibility.
Thus, the randomization and blinding, the acceptability of the intervention and the selec-
tion of the primary outcome revealed a high level of feasibility of the study protocol [38].
Only the recruitment and consent aspect’s results were somehow unsatisfactory since we
obtained a 78% retention rate, a percentage below the standards expounded by Harris
et al. [39] and Walters et al. [40], with a pooled percentage of 80% and a total percentage of
89%, respectively. Therefore, the retention rate should be specifically taken into consider-
ation by means of developing specific strategies to enhance the retention rates, as stated
elsewhere [41].

Even though the application of the results stemming from a pilot study for effect size
and sample size estimations should be cautiously considered [38], based on the values
of the Cohen’s d (d = 1.17) obtained on the variable length of sway under the open-eyes
condition for the experimental group (pre- to post-assessment), and considering a two-tailed
hypothesis, the estimated sample size required would correspond to 26 subjects overall
(13 subjects per study arm), which is somehow in line with the a priori size calculated (42
subjects).

5. Limitations

Although we have followed a rigorous methodological design, this study should be
interpreted in light of its limitations. On the one hand, by including only one soccer team,
the sample size was small, and we experienced a 22% patient loss rate after randomiza-
tion. We could have increased the sample by including players from other teams, but
we dismissed the idea after considering that different training routines would certainly
affect the results. Therefore, the study corresponds to a pilot randomized controlled study
and further research should focus on broader samples meeting the required minimal size.
Moreover, our study was carried out with a sample of players from a club in a second
division category; therefore, the results are not necessarily transferable to elite players or
higher sport levels.

6. Conclusions

The results stemming from this pilot RCT have shown that an 8-week semi-supervised
IMT program, performed with a threshold loading device, was not able to improve the
static balance in a sample of soccer players. Moreover, no between-group differences were
found regarding respiratory muscle function. Conducting a high-scale study is feasible and
could refine the results and conclusions stemming from the current pilot study.
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Abstract: Archery is a fine-motor-skill sport, in which success results from multiple factors including
a fine neuromuscular tuning. The present study hypothesised that lower trapezius specific training
can improve archers’ performance with concomitant changes in muscle activity and shoulder kine-
matics. We conducted a prospective study in a university archery team. Athletes were classified into
exercise and control groups. A supervised lower trapezius muscle training program was performed
for 12 weeks in the exercise group. The exercise program focused on a lower trapezius-centred
muscular training. Performance in a simulated game was recorded as the primary outcome, and
shoulder muscle strength, kinematics, and surface electromyography were measured and analysed.
In the exercise group, the average score of the simulation game increased from 628 to 639 after
the training regimens (maximum score was 720), while there were no such increases in the control
group. The lower trapezius muscle strength increased from 8 to 9 kgf after training regimens and
shoulder horizontal abductor also increased from 81 to 93 body weight% for the exercise group. The
upper/lower trapezius ratio decreased from 2.2 to 1.1 after training. The lower trapezius exercise
training regimen could effectively improve the performance of an archer with a simultaneous increase
in shoulder horizontal abductor and lower trapezius muscle strength.

Keywords: electromyography; lower trapezius; muscle strength; shoulder kinematics

1. Introduction

Archery is a fine-motor-skill sport, in which success is defined by the ability to
shoot a target repeatedly with high precision and accuracy [1–3]. Recurve archery is
an Olympic sport that requires concentration, extreme precision, upper body strength,
and endurance [4]. An archery shot has three phases: the stance phase; the arming phase,
during which the archer pulls the bowstring and pushes the bow; and the sighting phase,
which involves the final stretching of the bow while focusing on the target [2]. Because
of the high precision required, minimising movements during aiming allows for greater
repeatability and consistency of this closed-loop skill [5]. Therefore, specific neuromuscular
training is necessary for precise aiming during the sighting phase [6].

In the sighting phase, archers are required to maintain certain angles of shoulder
abduction, horizontal extension, and elbow joint flexion for shorter duration [7]. Therefore,
a series of movements are necessary during a shot, which require strong activity of the
muscles attached to the shoulder girdle and upper extremity [8]. Archer performance
is affected by the muscle activity of the shoulder girdle and upper extremity, especially
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scapular stability and lower trapezius (LT) muscle activity, on the drawing side [8–12]. Sim-
ilarly, kinematic studies have revealed that decreased scapular elevation and abduction and
increased scapular extension are closely related to better performance [8,10,12]. Therefore,
LT strengthening can enhance an archer’s performance [8]. However, few studies have anal-
ysed the effect of LT-centred muscular training on overhead athletes’ performance [13,14].
Accordingly, the present study investigated the effect of LT-centred muscular training
exercises on the muscle strength, kinematics, and performance of university archers. The
study hypothesised that LT-centred muscular training can improve university archers’
performance with concomitant changes in muscle activity and shoulder kinematics.

2. Materials and Methods
2.1. Participants

This prospective study recruited participants from a university archery team, who
attended a supervised LT-centred muscular training programme for 12 weeks from June
2020 to August 2020. All participants involved in the present study were recruited from a
university archer team, which recruited students from high school because of their good
performance. Performance in a simulated game was recorded as the primary outcome,
and shoulder muscle strength, kinematics, and surface electromyography (EMG) were
measured and analysed.

In previous archery surveys, most athletes were divided into different groups with the
number of people in each group ranging from 6 to 10 [8,10,15–17]. Therefore, this study
was expected to recruit 20 archery athletes, and finally, a total of fourteen archers (all of
whom used recurve bows) participated in this study. All participants provided written
informed consent before the study. They were all right handed; they used their right hand
for the drawing movement during archery. The individuals were excluded if they (1) had a
history of surgery to either shoulder, (2) had a shoulder muscle disease, or (3) had shoulder
impingement syndrome. This study was approved by the Chang Gung Medical Foundation
Institutional Review Board (IRB: 201800990B0). All participants provided written informed
consent.

2.2. Study Design

According to the wishes of athletes, all participants were divided into exercise (3 male:
4 female) and control groups (2 male: 5 female). All participants underwent the routine
exercise protocol (Table S1). The exercise group received additional exercise. The following
anthropometric parameters were measured: height, body weight, shoulder muscle strength,
and scores in the simulated championship. Shoulder kinematics and electromyography
were simultaneously recorded during archery shots. All measurements were performed
before and after a 12-week intervention.

2.3. Simulation Game

Moreover, the composition of participants or environmental factors, such as the loca-
tion of and weather at the championship, may affect their competitive ranking or athletic
performance [18,19]. Therefore, to better isolate the effect of exercise training on competi-
tion scores, we calculated the participants’ scores on a simulation game before and after
the 12-week training programme. The simulation game requires the player to perform
72 arrows shot at a distance of 70 m, and the highest possible score was 720. All simulation
games were held at standard archery fields under the same weather conditions.

2.4. Upper Limb Joint Angle Motion

Arrow shooting data were collected in an indoor biomechanics laboratory. After a
regular warm-up, each participant shot six arrows towards a target placed at a 5 m distance
away from them. A mark of 1 cm in diameter was stuck on the target, and the archers aimed
at this mark each time. This study used one optical camera (Bonita 480 m; Oxford Metrics,
Oxford, UK) at 100 Hz to capture the moment of the thrown arrows and record the shoulder
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joint angle (shoulder abduction and horizontal extension) at that moment (Figure S1). The
moment when the arrow was thrown was defined as the moment when the fingers on the
string (the drawing side) were straightened. Shooting motion data were captured with an
eight-camera system (T20; Oxford Metrics) at 100 Hz. The evaluation was performed using
marker sets for modified Plug-In Gait full-body modelling, with the markers attached to
the skin with adhesive surgical tape [20]. The data were processed using the Nexus motion
analysis system v2.5 (Vicon; Oxford Metrics). The shooting of six arrows was recorded
consecutively and the average of the six arrows was taken for analysis.

2.5. LT Strength

Participants were provided instructions regarding the test procedure. They lay in the
prone position, with the upper extremity diagonally overhead, in line with the fibres of
the LT muscle [21]. The participants were then instructed to maintain the arm in the test
position while the examiner provided resistance. The handheld dynamometer (MicroFet 2;
Hogan Health Industries, West Jordan, UT, USA) force sensor was applied to the distal one-
third of the participant’s radial forearm, and a downward force was applied by the examiner
until the participant’s maximal muscular effort was overcome. The maximum force on
the handheld dynamometer was recorded. Three trials were recorded consecutively on
each upper extremity, with a 30 s intertrial rest, and the average for each side was used
for analysis.

2.6. Shoulder Horizontal Abductor/Adductor Muscle Strength

The shoulder horizontal abductors/adductors muscle strength of the upper limbs was
tested with the HUMAC NORM system (CSMi, New York, NY, USA) with the mode of
concentric at the 60◦/s for horizontal abductor/adductor. All tests were repeated five times,
and the maximum strength recorded each test. The participants lay prone and received
verbal encouragement during peak torque exertion. Muscle strength was normalised to
body weight [22].

2.7. Surface Electromyography

Prior to electrode application, the skin was cleaned by being scrubbed with alcohol to
reduce skin impedance. Ag/AgCl electrodes (Medi-Trace 200, Covidien/Kendall, USA)
with a centre-to-centre distance of 2 cm were placed longitudinally on the muscle belly
along the bow and drawing sides upper trapezius (UT), LT, as well as drawing side deltoid
middle (DM), deltoid posterior (DP), biceps brachii (BB), and triceps brachii (TB) [8,12].
The reference electrode was placed on the olecranon process. EMG data were amplified
(BioNomadix, BIOPAC systems, Goleta, CA, USA) and subjected to analogue/digital (A/D)
conversion at 1000 Hz. The data were processed using a Nexus motion analysis system v2.5
(Vicon; Oxford Metrics). We analysed the ratio of LT to UT activity (the UT/LT ratio) as
an indicator of elite athletes, which represented a biomechanical factor involving shoulder
function [8,12].

EMG activities of all muscles were quantified. EMG data from the six shots were
full-wave rectified. The data were then analysed using an integral calculus level of 1 s
before the arrows were thrown. Prior to the shots, the maximum voluntary contractions
(MVC) of all six muscles were determined. Shot six arrows were recorded consecutively
and take the average of the six arrows for analysis.

Manual muscle testing was used to calculate the isolated maximum muscle streng-
th [8,12,23]. Participants performed 3 s maximum voluntary isometric contractions against
manual resistance. UT strength was tested in the standing position, and resistance was
applied to the scapular elevation. LT strength was tested in the prone position, with
the shoulder at 140◦ flexion and 135◦ abduction, and resistance was applied to the point
between the acromion and scapular spine. DM strength was tested in the standing position
with 90◦ shoulder abduction, and resistance was applied to humeral abduction. DP strength
was tested in the prone position with 90◦ shoulder abduction, and resistance was applied
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to the horizontal abduction of the humerus. BB strength was tested in the standing position
with 0◦ shoulder flexion and 90◦ elbow flexion, and resistance was applied to elbow joint
flexion. TB strength was tested in the prone position with the shoulder at 0◦ flexion and
90◦ abduction and 90◦ elbow flexion, and resistance was applied to elbow joint flexion. The
MVC were performed and measured three times, and the mean values were considered for
analysis. After full-wave rectification, EMG amplitudes were normalised to MVC.

2.8. Additional Exercise Protocol

Elastic resistance bands can be a viable option to conventional resistance-training
equipment during single-joint resistance exercises [24,25]. Elastic band resistance training
produces adaptations similar to those with weight resistance training in the early phases
of strength training [26]. However, none of the participants had received the LT exercise
program. To avoid the possible compensatory effects of using resistance equipment [27],
which can reduce the efficiency of LT exercise program, elastic bands (Thera-Band Black,
USA) were used for exercise program at the beginning (first 4 weeks), and cable stack ma-
chines (Matrix G3-MS50; Johnson Health Tech, Taichung, Taiwan) were used subsequently
(Table S2). The LT, latissimus dorsi, rhomboid, middle trapezius, and serratus anterior
would be trained in the training program.

In the first 4 weeks, elastic bands were used during the following exercises, which
were performed 3 days a week: reverse fly, straight-arm pull-down, reverse straight-arm
pull-down, and straight-arm seated row. In addition, the participants performed floor
movements, including locust pose and superman pose. Each set included 15 s isometric
contractions; each trial had five sets, with a 15 s break between sets.

In weeks 5–12, cable stack machines were used during the following exercises, which
were performed 3 days a week: reverse cable fly, straight-arm pull-down, reverse straight-
arm pull-down, straight-arm seated row, and Y shape lat pull-down. In addition, alternative
isometric contractions in pull-up and pull-down positions were performed for 15 s per set,
with five sets per trial and a 15 s rest between sets.

Ten minutes of warm-up and cool-down were performed before and after the exercise
program. At least one trained physical coach supervised the motion and physical conditions
of the participants during the exercise program.

2.9. Statistical Analysis

All data analyses were performed using SPSS for Windows (version 20.0; SPSS,
Chicago, IL, USA). All continuous data were presented in terms of mean ± standard
deviation. The 2 × 2 (group × time) repeated measures ANOVA was used to analyse inter-
group and the between pre-and post-exercise training differences. Use Fisher’s exact test to
compare whether there was a difference in the proportion of athletes who have increased or
decreased the score of the simulation game between the groups. No abnormal distributions
were noticed in pre-tests according to Shapiro–Wilk results for both groups. The relative
effect size (ES) for the performance data was calculated using Cohen’s d. It is defined as the
difference between two means divided by a standard deviation for the data. Additionally,
the categorical variables’ ES would use Cohen’s w. Intraclass correlation coefficient (ICC),
typical error (TE), and percentual coefficient of variation (CV) were calculated to access
intertest correlation (pre-and post-exercise training). Significance was set at the level of
p ≤ 0.05. The power was determined using G*power software version 3.1.9.7. (Heinrich
Heine University, Dusseldorf, Germany). The input parameters used for the F test were
alpha = 0.05 and the primary outcome (simulated game) of effect size, 0.56. The power was
calculated as 0.97.

3. Results

The 14 athletes (five male and nine female university archers) were divided into
exercise and control groups. The mean age of the enrolled athletes was 19 years. No
significant intergroup differences were found in demographic characteristics, including age,
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height, weight, body mass index, and years in archery (p > 0.05; Table S3). Furthermore, it
was shown that the age, years of training, and score was similar between groups. It means
that all athletes’ performance and skill levels were similar [8].

In the exercise group, the average score of the simulation game increased from
628 ± 19 to 639 ± 20 after the training regimens (p = 0.045, Cohen’s d = 0.56, ICC = 0.84,
CV = 3%, TE = 4; Figure 1). The effect size was 0.56 which belongs to moderate Cohen’s
d [28,29], the ICC was 0.84 which belongs to good and the CV was 3% [30]. Additionally, a
CV of 10% or less was set as the level at which a measure was considered reliable [31]. No
such increases were noted in the control group (617± 29 to 601 ± 44, p = 0.125, Cohen’s
d = 0.30). In the final simulation game performance, the score of the exercise group was not
significantly higher than that of the control group (p = 0.062, Cohen’s d = 1.11). However,
all athletes in the exercise group have improved their scores in the simulated game after the
exercise program. The scores of two athletes in the control group increased. The number of
simulated game score increases in the exercise group was significantly higher than that in
the control group (p = 0.026, Cohen’s w = 0.043).
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Regarding muscle strength, LT strength increased from 8 ± 3 to 9 ± 3 kg-force (kgf)
after the participants in the exercise group underwent the training regimen (p = 0.045,
Cohen’s d = 0.33, ICC = 0.93, CV = 35%, TE = 2; Figure 2A). Horizontal abductions
strength also increased from 81 ± 28 to 93 ± 31 body weight% (p = 0.048, Cohen’s d = 0.45,
ICC = 0.87, CV = 30%, TE = 5; Figure 2B). No such increases were noted in the control
group (Table S4). Regarding shoulder kinematics, horizontal extensions and shoulder
abduction did not differ between both groups (p > 0.05; Table 1). On the drawing side, the
activities of UT, BB, and TB decreased after training in the exercise group (p ≤ 0.05, Cohen’s
d ≥ 0.58, ICC ≥ 0.47, CV ≤ 55%, TE ≤ 6; Table 2). No differences in LT were observed. The
UT/LT ratio decreased from 2.2 ± 0.8 to 1.1 ± 0.9 after training (p = 0.014, Cohen’s d = 1.29,
ICC = 0.42, CV = 60%, TE = 1; Figure 3). In the control group, only differences in TB were
detected on the drawing side.
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Table 1. Shoulder angle (degree).

Pre-Exercise Post-Exercise
ES ICC CV(%) TE

Mean ± SD Mean ± SD

Exercise
Bow side

Shoulder abduction 94 ± 6 91 ± 9 0.39 0.69 8 3
Horizontal extension 141 ± 20 140 ± 28 0.04 0.91 17 5

Drawing side Shoulder abduction 120 ± 4 120 ± 4 0.01 0.76 3 2
Horizontal extension 147 ± 5 146 ± 5 0.20 0.45 3 2

Control
Bow side

Shoulder abduction 95 ± 5 95 ± 5 0.01 0.61 5 2
Horizontal extension 130 ± 33 137 ± 21 0.25 0.68 20 5

Drawing side Shoulder abduction 123 ± 6 120 ± 4 0.59 0.76 4 2
Horizontal extension 144 ± 9 143 ± 9 0.11 0.94 6 3

CV: coefficient of variation; ES: effect size; ICC: intraclass correlation coefficient; SD: standard deviation; TE:
typical error.

177



Healthcare 2022, 10, 171

Table 2. Before releasing EMG %MVC.

Pre-Exercise Post-Exercise
ES ICC CV(%) TEMean ± SD Mean ± SD

Exercise

Bow side
Lower trapezius 49 ± 24 42 ± 17 0.33 0.88 44 4
Upper trapezius 95 ± 35 69 ± 36 * 0.73 0.80 44 6

Drawing side

Lower trapezius 38 ± 16 40 ± 10 0.15 0.84 33 4
Upper trapezius 78 ± 22 44 ± 36 * 1.14 0.47 55 6
Deltoid posterior 85 ± 13 74 ± 15 0.78 0.71 18 4
Deltoid middle 59 ± 12 59 ± 14 0.01 0.69 21 4
Triceps brachii 26 ± 10 19 ± 14 * 0.58 0.88 55 4
Biceps brachii 42 ± 15 29 ± 12 *§ 0.96 0.57 41 4

Control

Bow side
Lower trapezius 63 ± 25 52 ± 17 0.51 0.74 37 5
Upper trapezius 95 ± 17 95 ± 21 0.01 0.48 19 4

Drawing side

Lower trapezius 54 ± 30 50 ± 24 0.15 0.88 50 5
Upper trapezius 77 ± 21 65 ± 30 0.46 0.37 36 5
Deltoid posterior 93 ± 10 88 ± 4 0.66 0.35 8 3
Deltoid middle 69 ± 16 56 ± 18 0.76 0.32 28 4
Triceps brachii 34 ± 13 23 ± 12 * 0.88 0.77 46 4
Biceps brachii 54 ± 32 51 ± 24 0.11 0.97 51 5

CV: coefficient of variation; ES: effect size; ICC: intraclass correlation coefficient; MVC: maximum voluntary
contractions; SD: standard deviation; TE: typical error. * p ≤ 0.05 between pre- and post-exercise. § p ≤ 0.05
between exercise and control group.
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4. Discussion

Notably, the current study revealed that an exercise protocol focusing on LT and other
muscles, such as the rhomboid muscles, was associated with an increase in the simulation
game score, in conjunction with an increase in LT and horizontal abductor strength. These
increases were associated with decreases in the activities of UT, BB, and TB muscles.

Archery requires a high level of stability, which is achieved through the fine coordi-
nation of the shoulder girdle muscles. In general, muscle strengthening exercises of the
upper extremities usually involve large muscle groups, such as the UT, pectoralis major,
anterior deltoid, DP, and latissimus dorsi, to produce gains in strength and hypertrophy.
The stabilising muscles, such as LT and serratus anterior, are often overlooked [13]. In
addition, hyperactivity and early activation of the UT can lead to excessive scapular ele-
vation when the arm is raised, which impairs performance [32–34]. Greater UT activity
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increases the higher risk of shoulder impingement [12,35–37]. Exercises to strengthen the
middle trapezius, LT, and serratus anterior muscles can restore muscle balance and improve
scapular stability [38,39]. In the present study, we developed a training exercise regimen
focusing on the LT-centred muscular that improved the strength of LT and horizontal
abductors and, simultaneously, dramatically decreased the muscle activities of UT, BB, and
TB in the presence of persistent LT activities. This decrease in muscle activities may enable
archers to enhance their stability through being able to meticulous balance themselves.

In the present study, shoulder kinematics did not differ after training. Indeed, scapular
protraction and elevation usually result from increased DM and UT activity, along with a
reduced activity of the middle trapezius and LT during shoulder abduction [37]. We did not
observe decreases in abduction or increases in horizontal extensions. It was possible that
the participant’s posture was not modified in this short study period; further instruction to
improve their posture should be given. The increased LT strength can aid the fine tuning of
the shoulder muscles, such as the deltoid, UT, BB, and TB.

A study advocated focusing on the scapular stabilisers—in particular, the middle
trapezius, LT, and serratus anterior—to maintain balance in the scapular force couple [39].
Excessive UT activation with a decreased activation of LT and serratus anterior leads to
abnormal scapular movement [32,33,35,36]. The training programme in this study could
reduce UT activity during archery and avoid excessive shrug-induced elevation of the
shoulder girdle.

The general functions of the trapezius include the following: for the UT, scapular
upward rotation and elevation; for the middle trapezius, retraction; and for the LT, upward
rotation and depression [40]. In the literature on archery, LT activity is significantly higher
among elite players than among pre-elite and beginner players, implying that the LT muscle
of the draw arm is actively involved in scapular fixation during shooting [8].

During shoulder abduction, scapular protraction and elevation lead to increased
activity of the DM and UT and reduced activity in the middle trapezius and LT [37]. In
addition, the inferomedial directed fibres of the LT may also contribute to posterior tilt
and the external rotation of the scapula during humeral elevation [41]. However, after
training, archery players’ UT activity decreases during archery. This increases the horizontal
extension in the aiming stage, whereas shoulder abduction remains unchanged.

In fact, the differences in scores of simulation games could be multifactorial that
biomechanics played a partial role. Although the lower trapezius-centred exercise was
shown to decrease UT/LT ratio which was favoured biomechanically in the aiming phase,
there were still other factors such as mental status/autonomous nervous functions, lower
extremities function, and core stability that could contribute to the performance. We further
analysed the score results with individual responses, i.e., the number of participants in the
exercise and control group had higher scores for post testing, to eliminate the person-related
bias. It was found that the number of simulated game score increases in the exercise group
was significantly higher than that in the control group. Based on the present study, we
suggested that lower trapezius-centred exercise is beneficial biomechanically in the aiming
phase. Further interventions such as mindfulness, core muscle training was suggested to
further enhance performance.

This study only investigated university archers with small sample size and lack of
randomization. In addition, this study uses statistical methods (2 × 2 repeated measures
ANOVA) to confirm the baseline data in muscle strength, kinematics, EMG, and game
scores were all compared and shown no differences between groups. Additionally, ES,
ICC, CV, and TE were used to confirm the reliability of the pre-and post-exercise. In the
present study, the additional lower trapezius-centred excise resulted in extra training time
that could be partly responsible for the differences between groups. Although this lower
trapezius-centred excise was low to medium intensity, further studies in the precise amount
of training were suggested. Moreover, the study provided a training model specifically for
archers to enhance their performance. Future studies are expected to expand the scope of
the investigation and improve the technology involved in archery.
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5. Conclusions

In conclusion, among archers, the biomechanics of the drawing side affects the perfor-
mance and thus competition results. The main influencing factor was the strength of the
shoulder horizontal abductor at the drawing side. In addition, the designed exercise train-
ing regimen can effectively improve competition ranking by increasing shoulder horizontal
abductor and LT strength and reducing UT activity.
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Abstract: This study investigates the differences in agility, speed, jump and balance performance
and shooting skills between elite hearing-impaired national team soccer players (HISP) and without-
hearing-impairment elite soccer players (woHISP). Players were divided into two groups, the HISP
group (n = 13; 23.5 ± 3.1 years) and the woHISP group (n = 16; 20.6 ± 1.4 years), and were tested
in three sessions, seven apart, for metrics including anthropometrics, speed (10 m, 20 m and 30 m),
countermovement jump (CMJ), agility (Illinois, 505, zigzag), T test (agility and shooting skills), and
balance. The results showed that 30 m, 20 m and 10 m sprint scores, agility/ skills (sec), shooting skills
(goals), zigzag, Illinois, and 505 agility skills, and countermovement jump scores were significantly
lower among players with hearing impairments (p < 0.05). There were no significant T test differences
between HISP and woHISP (p > 0.05). The HISP showed right posterolateral and posteromedial,
and left posterolateral and posteromedial scores that were lower than the woHISP group (p < 0.05).
Anterior scores were not significantly different between each leg (p > 0.05). In conclusion, the HISP
group showed higher performance scores for speed (10 m, 20 m and 30 m), CMJ, agility (Illinois, 505,
zigzag) and T test (sec and goals), but not balance. Hearing-impaired soccer players are determined
by their skill, training, and strategy, not their hearing ability.

Keywords: soccer; hearing-impaired; athletic performance; skill; physical fitness

1. Introduction

World Health Organization data reveal that there are about 466 million people with
hearing impairments worldwide [1]. As stated by the International Committee of Sports
for the Deaf, deafness is the capacity to hear sound only at a frequency of 55 dB or higher in
the better ear [2]. Hearing-impaired soccer players, just like all soccer players, are expected
to have good speed, agility and balance. These skills enable soccer players to move quickly
and efficiently on the field, change direction quickly, and maintain their balance when
receiving or passing the ball or making a shot at a goal [3,4].

Soccer game characteristics involve intermittent high-intensity physical and technical
tactical demands such as rapid changes of direction, jumps and dribbling [5,6]. Because
of increasing game requirements, players must improve their physical skills based on
different soccer match demands [7,8]. As a result, during the period of the season, players
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can usually maintain or increase their overall aerobic and anaerobic fitness [9]. Never-
theless, monitoring football’s internal and external loads, mainly acute workload, differs
between game periods [10]. Soccer-specific abilities refer to the specific physical, technical
and tactical skills required to perform well. Training programs have been designed to
improve motor abilities such as agility, sprinting and balance to enhance overall physical
performance in soccer [11,12]. However, game performance has been affected by various
obstacles, including physical, mental or psychological challenges [5,13].

Physical obstacles such as hearing loss, rather than a physical disability such as poor
performance or injury, may affect athletes’ performance compared to those without a hear-
ing impairment [14]. Long-term hearing loss may also significantly alter sensory processing
and lead to motor deficiencies [15]. From this point, various physical and physiological
factors also affect how well hearing-impaired soccer players perform during training and
games. However, hearing-impaired soccer players have been less able to perform due to
poor body composition, and less aerobic endurance, strength, balance and agility compared
to without-hearing-impairment players [16,17]. Therefore, developing anthropometrics and
physical and physiological characteristics of hearing-impaired footballers is also necessary
to increase performance to respond to the developments in soccer.

Even though previous studies have shown that hearing-impaired soccer players have
differences in some physical performance parameters, there is no evidence that these
characteristics are directly related to hearing ability, except for balance related to a damaged
vestibular system [18]. Limited studies on hearing-impaired soccer players have focused on
acute physical performance response [16] or compared hearing-impaired and non-hearing-
impaired soccer players in laboratory fields [18], and female soccer players’ biomechanical
characteristics [19]. Therefore, more studies are needed comparing elite soccer groups
without hearing impairments and similar hearing-impaired groups’ results for performance
outside the laboratory. When the performance responses of hearing-impaired soccer players
were analyzed, we realized that more studies in this field are needed. We hypothesized that
elite hearing-impaired national team soccer players (HISP) might show higher performance
based on technical abilities and some physical parameters, except balance ability, than
without-hearing-impairment soccer players (woHISP).

2. Materials and Methods
2.1. Participants

This study was conducted with a cross-sectional design. An initial power analysis
(G*Power, University Duesseldorf, Duesseldorf, Germany) was performed to determine
the sample size [20]. A total of 29 players were separated into two groups, both of which
comprised elite soccer players: HISP (n = 13, age: 23.5 ± 3.1, height: 177.8 ± 5.1, weight:
72.8 ± 3.7, body mass index: 23.1 ± 1.9) and woHISP (n = 16, age: 20.6 ± 1.4, height:
178.4 ± 6.1, weight: 72.5 ± 8.7, body mass index: 23.2 ± 2.9). The inclusion criteria were as
follows: (i) all physical evaluations conducted before the start of the season; (ii) no injuries
at the time of the evaluations; and (iii) no injuries in the month prior to the evaluations
(Figure 1). The HISP included the ICSD criteria to compete, a minimum hearing loss of
55 dB in the better ear or both ears, and being active athletes of the Turkish Deaf Sports
Federation, competing at the national level at the time of the study. However, the HISP
group had European, World and Olympic champions and medal-winners.

Before the testing, the volunteers were asked to provide information about their
training experience, education level and hearing loss level. The sign language interpreter
informed the HISP groups. This study was conducted at Kirikkale University, Sports
Sciences Faculty, according to the principles outlined in the Declaration of Helsinki. Ath-
letes were fully informed about the procedures of this study, and all volunteers signed a
written consent form before study participation. This study was approved by the Kirikkale
University Non-Invasive Researches Ethics Committee (Date: 10 December 2020, number:
7 December 2020).
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2.2. Measurements
2.2.1. Anthropometric Measurements

Body height (BH), body mass (BM) and composition measurements were performed
using a bioelectrical impedance analysis (BIA) and body composition analyzer (Tanita
Body Composition Analyzer BC 418 professional model, Japan). The subjects’ heights were
measured with an anthropometrics rod set on the day before performance tests, to the
nearest 1 cm. We preferred using BIA testing in estimating body fat percentages (BFP),
based on some research studies showing validity. Related literature stated that BIA is a
suitable alternative for estimating body fat percentages when subjects are within a “normal”
body fat range. However, there is a tendency for BIA to overestimate body fat in lean
subjects and underestimate body fat in obese individuals.

2.2.2. Y Balance Test

The Y balance test was performed to evaluate postural control. Participants were
allowed a maximum of six trials., with three successful attempts for each access direction.
After three successful attempts in each direction, the rater recorded the maximum and
average distance. In addition, the reach distance was recorded to the nearest 0.5 cm [21].
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2.2.3. 10, 20 and 30 m Sprint Test

A Brower Timing System (USA) was placed 10, 20 and 30 m away from the starting
point with a photocell device (0.01-s precision). When the athlete felt ready for the sprint
test, they were asked to start with their preferred foot in front. The times between the start
and finish gates at 10 m (first electronic timing gate) and 20 m (second electronic timing
gate) were recorded. After a 10 min rest interval, the measurement was repeated three
times, and the best performance was recorded for further analysis [22].

2.2.4. Illinois Test

The participant began the test by lying face down on the floor behind the starting line
with arms at their sides and head to the side or forward. With the “start” command, the
participant stood up and ran the test track, which consisted of three cones lined up in a
straight line at intervals of 5 m in width, 10 m in length and 3.3 m in the middle section.
Two trials were run, a rest period of 3 min was given between trials, and the best score was
recorded. If the participant did not run the course by the instructions, did not reach the
finish lines, did not complete the course or moved any cone, they were disqualified [23].

2.2.5. 505 Agility Test

After a 10 m approach run at the start of a 15 m track, the participants were asked to
run 5 m forward and backwards as quickly as possible. During testing, the time between
two passes was recorded. The best result from repeated measurements was recorded in
seconds [24].

2.2.6. Zigzag Test

The test for agility, acceleration, deceleration and balance consisted of 4 × 5 m sections
set at 100◦ angles. The test started with the exit of the participants from the photocell door
(point A). They ran to point B, returned from point B, reached the middle point C again
and, finally, after passing through the photocell at point D, the test was terminated. Each
participant repeated the test three times, and the best score was recorded [22].

2.2.7. Countermovement Jump (cm)

Participants were asked to assume a full squat position with their hands on their
waist and were told to jump as high as possible with maximum force, without making
any springing movements from the knees. The participants were asked to have the same
positions during jumping and landing on the platform again. During the test, athletes
were told not to move forward, backward or sideways, and keep their hands on their
waist. This test was conducted on each athlete three times, and the best score was used for
analysis [24,25].

2.2.8. Agility and Shooting Skill Test

This test was applied to measure and determine the agility and mobility status of the
athletes as well as their ability to score a goal. A Brower Timing System photocell device
with the same start and end point was placed at the test site. After the necessary information
was given to the subjects, the time began when they passed through the starting gate. The
athletes kicked ball number 1 in the middle with their right foot, then ran to ball number 2,
where they kicked the ball with their left foot. The subjects ran from here to ball number 3
on the right, kicked this with their right foot, ran to number 4, kicked the ball with their
left foot, then ran to the starting point with their back turned, and time stopped when
they passed through the finish gate. Participants were asked to score goals by hitting the
four balls into the goal. The subjects hit four balls. The athletes’ times were recorded in
seconds. The raw time score was re-evaluated as the total skill and agility score. If the
subjects managed four goals, three goals, two goals or one goal, 1.00s, 0.75 s, 0.50 s or 0.25 s,
respectively, were subtracted from the completion time [26].
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2.3. Procedures

The testing sessions were performed each day for seven days at the university’s
Exercise Physiology Laboratory and gymnasium. The first session of tests included mea-
surements of body composition before breakfast. Sprint tests were determined after a
15 min standardized soccer warm-up. Agility tests were carried out during the second test
session. Lastly, balance tests consisted of three different movement directions in the third
test session: anterior, posteromedial and posterolateral. Participants were instructed to
adhere to the following guidelines before all tests: dress in sports apparel, avoid vigorous
exercise and alcohol consumption 24 h before testing and be ready to test correctly hydrated.
All participants were instructed to perform each test with their maximum effort via verbal
encouragement throughout each trial. All participants were tested in a specific order to
standardize the testing process: weight, height, body composition, balance, sprint, and
agility. Standardized procedures were followed for each assessment test and are published
in the Procedures section below.

2.4. Statistical Analysis

Data were represented as mean ± standard deviation (SD). The data were evaluated to
see whether they had normal distribution or not. The Shapiro–Wilk test was not verified for
the normality assumption [27]. Comparison of physical and sports characteristics, speed,
agility and balance results were analyzed using the Mann–Whitney U test. To analyze the
relationship between independent variables, Spearman’s correlation rho efficient test was
used. The following scale was used to assess the magnitude of the Spearman’s correlations
and their differences: 0.00 to 0.10, trivial; 0.11 to 0.29, small; 0.30 to 0.49, moderate; and 0.5
to, large [28]. Cohen’s (d) standardized effect size was used to determine the magnitude of
differences, using the following thresholds [26]: 0.0 to 0.2, trivial; 0.2 to 0.6, small; 0.6 to 1.2,
moderate; 1.2 to 2.0, large; >2.0, very large. A value of p < 0.05 was considered statistically
significant. Variables were analyzed using IBM SPSS for Windows Version 21.0. (IBM Corp.,
Armonk, NY, USA). The American Psychological Association (APA) 6.0 style was used to
report statistical differences [29].

3. Results

In terms of educational level, a total of three (23%) hearing-impaired subjects (HISP
group) had bachelor’s degrees and 10 (77%) had high and secondary school degrees.
Measurement results in HISP and woHISP groups, and physical and training characteristics
are shown in Table 1.

3.1. Physical and Sports Experience Characteristics

There were no significant differences between body height (p = 0.774; d = 0.11, trivial
ES) and body mass (p = 0.554; d = trivial ES) of the HISP and woHISP groups. The sports
experience of HISP was significantly greater than woHISP (p = 0.000; d = 2.48, very large
ES). The BFP (%) of the HISP group (9.9 ± 1.2%) was significantly lower than the woHISP
group (p = 0.000; d = 1.89, large ES) (Table 1).
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3.2. Sprints and Agility/Skill Variables

In the HISP group, sprint scores were 4.91 ± 0.21 s, 2.45 ± 0.10 s and 1.75 ± 0.10 s,
respectively. In the woHISP group, sprint scores were 5.70 ± 0.52 s, 2.84 ± 0.25 s and
1.91 ± 0.20 s, respectively. The 30 m (p = 0.000; d = 2.06, very large ES), 20 m (p = 0.000;
d = 2.05, very large ES) and 10 m (p = 0.017; d = 1.01, moderate ES) sprint scores of the HISP
group were significantly lower than those of the woHISP group (Table 1).

The T test scores were not different between the HISP and the woHISP groups
(p = 0.895; d = 0.42, small ES). However, the agility/skill (sec) of the HISP group was
significantly lower than the woHISP group (p = 0.002; d = 1.54, large ES). Moreover, the
shooting skill (goals) scores of the HISP group were significantly lower than the woHISP
group (p = 0.000; d = 2.01, very large ES). The zigzag (p = 0.000; d = 2.58, very large ES),
Illinois (p = 0.000; d = 3.80, very large ES) and 505 agility skill (p = 0.002; d = 1.60, large ES)
scores of the HISP group were significantly lower than those of the woHISP group. The
jumping scores of the HISP group were significantly higher (p = 0.002; d = 1.20, large ES)
than the woHISP group (Table 1).

3.3. Y Balance Test Results

There were no significant differences between anterior Y balance scores of the HISP
and woHISP groups for the right (p = 0.272; d = 0.531, small ES) and left (p = 0.392; d = 0.30,
small ES). However, the right posterolateral (p = 0.000; d = 4.30, very large ES) and right
posteromedial (p = 0.000; d = 2.30, very large ES), and left posterolateral (p = 0.000; d = 636,
very large ES) and left posteromedial (p = 0.000; d = 3.49, very large ES) Y balance scores of
the HISP group were significantly lower than those of the woHISP group (Table 1).

3.4. Correlation Test Results in the HISP Group Are Shown in Table 2

There were positive correlations between the 30 m and 20 m sprint scores (p < 0.01;
r = 0.995, large), zigzag and 30 m (p < 0.01; r = 0.730, large), 20 m (p < 0.01; r = 0.690, large),
agility skill and 10 m (p < 0.05; r = 0.584, large) and Illinois and 10 m (p < 0.05; r = 0.592,
large). As 505 agility skills scores increased, jumping scores decreased (p < 0.05; r = −0.633,
large). As shown in the results in Table 2, there were positive correlations between body
fat and right posteromedial Y balance scores (p < 0.05; r = 0.567, large), left posterolateral
(p < 0.05; r = 0.567, large), Illinois and left posterolateral Y balance (p < 0.05; r = 0.594, large)
and right posterolateral and zigzag (p < 0.05; r = 0.631, large).
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4. Discussion

This study aimed to determine sprint, agility, balance, jumping and skill-based perfor-
mance response differences between HISP and woHISP groups. The main findings of this
study revealed that the HISP group’s sports experience, BFP, 10 m, 20 m, 30 m, agility/skill,
agility and shooting skill tests, zigzag Illinois, 505, jumping, right and left posterolateral
and posteromedial scores were significantly better than woHISP.

The current study results indicated that the HISP group’s BFP (%) was largely higher
than the woHISP group. The deaf Czech national soccer team have been shown to have
higher BF% but lower free fat mass than without-hearing-impairment players [17]. Com-
paring hearing female players and hearing-impaired soccer players, hearing players have
significantly different waist- and calf-circumferences, and waist–hip ratios [19]. Some
studies have found changes in body composition throughout the season, demonstrating
how these changes may be significantly influenced by factors such as training intensity,
exposure to match time, or diet [30,31]. Players who are lean and have a high percentage of
muscle mass may have an advantage in positions that require speed and agility. On the
other hand, players who are heavier and have a higher percentage of body fat may have an
advantage in positions that require strength and power. It is important to note that soccer
players should aim to have a body composition that allows them to perform at their best
and meet the demands of their position or role on the field. This may involve maintaining a
healthy weight, sufficient muscle mass and balanced body fat distribution. Players should
also be mindful of their overall health and wellness and aim to maintain a healthy diet and
exercise routine that helps them meet their physical goals.

Regarding physical fitness results, our study showed that while the HISP group
had better 30 m, 20 m and 10 m sprints, agility, agility skills and jumping performance
than woHISP, balance performance was reduced. During soccer games, high-intensity
movements can be classified as actions requiring quick acceleration (10 m sprint), actions
demanding maximum speed (30 m sprint), or actions requiring agility [22]. Additionally, it
is well known that professional athletes perform better during sprints (10, 20, 30 and 40
m) in games than their less-skilled counterparts [32].However, these sprints typically last
between two and four seconds and cover distances of less than 20 m [33]. Sprint ability is
essential for soccer players, as it allows them to accelerate quickly and reach high speeds
when running with the ball or chasing down opponents. This study has important findings,
and the HISP group performance revealed significantly better agility abilities and skills
with the ball to woHISP. While the classic definition of agility is the simple capacity for
rapid direction changes, agility is a crucial performance variable comprising perceptual
and decision-making characteristics such as visual scanning and anticipation in soccer [34].
Considering the effect of the reaction time on athletic performance, hearing-impaired
athletes scored better in visual reaction time [35]. Visual reaction time is an essential factor
in athletic performance, as it can affect an athlete’s ability to react to changes in the game
or competition. The visual reaction time or technical skills of deaf athletes will depend
on their abilities and training, and are not necessarily related to their hearing status. Our
main finding demonstrated that CMJ performance was higher in the HISP group than the
woHISP group. Neuls et al. [17] reported that Czech national team soccer players had
lower scores than the first league, but these were not significant. In contrast to our results,
Soslu et al. [14] performed a study on repeated countermovement jump tests for volleyball
and basketball players who were hearing-impaired and deaf. The results showed that deaf
players’ scores, in particular, were reduced for jumps and jump heights, the force produced,
the acceleration at the time of the jump and the jump velocity compared to non-deaf players.
There need to be more studies in the hearing-impaired soccer player context to compare
different soccer players.

In this study, balance tests scores recorded during the Y balance test showed a signifi-
cant decrease in the HISP group compared to the woHISP group. Additionally, a significant
difference was found between the posterolateral and posteromedial in both legs, with a
very large effect. These findings align with a previous study on national deaf basketball
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players, who demonstrated lower balance performance than hearing-impaired players [36].
As a result of the vestibular, visual and proprioceptive systems being injured, the balance
may be affected negatively. Without a visual component, the balance will likely be impaired
in deaf individuals who already have damage to this region [37]. Balance is crucial in
soccer, as it allows players to maintain their footing and control the ball while moving on
the field. Factors affecting balance performance in soccer include strength, coordination
and proprioception.

The second aim of this study was to analyze the correlation of agility with speed,
jumping and balance. Our results revealed large correlations between agility and speed.
Our results are similar to previous studies reporting strong correlation between speed,
agility and agility/skills [22,38,39]. Compared to non-elite soccer players, elite players
have higher levels of physical fitness and talent [40]. The relationship between speed and
agility in soccer is complex, as both abilities are important for success on the field. However,
agility is often more important in soccer, as it is more relevant to the movements and
actions players need to perform during a game. Both speed and agility can be improved
through training, and many soccer players incorporate specific drills and exercises into
their training programs to improve these abilities.

Another finding of this study was the negative correlation between jumping and
505 agility performance. Our results are similar to the previous study of Köklü et al. [38],
which reported a significant negative relationship (r = −0.769, p = 0.01) between jumping
and agility (angle 100◦) without the ball. Strong correlations between COD and CMJ
would be expected, given that CMJ is an example of a long stretch-shortening cycle action
(500 ms) that requires time to create a force for propulsion [41,42]. In the acceleration
phase, where much force must be produced quickly to overcome the inertia in both vertical
and horizontal orientation, lower limb power (represented by CMJ and cross hop) can,
therefore, be considered a determinant of change in direction [43]. Our study revealed
strong correlations between balance and agility. A previous study supports our results;
dynamic balancing performance was recently shown to be significantly correlated with
COD performance [44], and another study revealed that moderate correlations indicated
that dynamic balance is an influential factor in agility, but is not the main limiting factor [41].
It is essential to recognize that hearing impairment is just one factor that can impact an
athlete’s performance, and it is not fair to generalize the abilities of hearing-impaired
athletes. Each athlete is unique and has their strengths and challenges. The most important
thing is to provide support and resources to help hearing-impaired athletes reach their full
potential, regardless of their performance relative to non-deaf athletes. Considering the
sample group of this study, the fact that they are Olympic-level athletes causes them to
show better results than the results in other studies.

The current study has some limitations. A comparison has been made between
the hearing-impaired group of athletes and others who were not similar in their sports
experience and age. The soccer players without a hearing impairment had lower ages
and sports experience. For this reason, further research is necessary to better match the
larger sample size of elite adult soccer players in the same class, age category and sports
experiences for the with- and without-hearing-impairment groups.

5. Conclusions

In conclusion, the current study highlighted that the HISP group had higher speed
(10 m, 20 m, and 30 m), agility (zigzag, Illinois, 505), CMJ and agility skills (sec and goals).
Balance performance was lower in the HISP group than the woHISP group, including the
posterolateral and posteromedial of the right and left legs. These results show that hearing-
impaired athletes have the potential to perform at the same level and even better than non-
hearing-impaired athletes with appropriate training methods and planning. Additionally,
hearing-impaired athletes are a special population with very different anthropometric
and physical characteristics. Therefore, coaches must provide adequate anthropometrics
and physical performance profiles for players with different characteristics and training
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stimuli during seasons. It seems to be worth investigating possible factors influencing
players’ workload.
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Abstract: This study sought to assess the relationship between different jumping asymmetries and
associated performance variables in high-level male senior and professional football players. Nineteen
football players with at least 12 years of training experience (23.2 ± 3.1 years of age; 75.2 ± 4.8 kg of
body mass and 181 ± 0.06 cm of height) participated in this study performing countermovement jump
(CMJ), squat jump (SJ), single-leg CMJ and drop jump (DJ), associated performance variable eccentric
utilization ratio (EUR), stretch-shortening cycle (SSC), bilateral deficit (BLD), and limb symmetry
index (LSI) were determined. High correlations were observed between different methodologies of
jump tests and associated performance indicators (SSC, BLD, EUR), except LSI. Moreover, CMJ and
SJ results were different (p < 0.05), but no differences were found between interlimb in CMJ (p = 0.19)
and DJ (p = 0.14). Between the same limbs and different jumps differences were detected in CMJ and
DJ (p < 0.01), and it has also been found that the laterality effect size on strength was small in CMJ
(ES = 0.30) and DJ (ES = 0.35). LSI between CMJ and DJ was not different despite higher mean values
in CMJ, and although mean BLD was positive (>100%), the results highlight the need for individual
evaluation since eight players scored negatively. An in-depth and accurate analysis of performance
in preseason screening jump tests should be considered, aiming to detect injury risk, specifically
evaluating different jumping test methodologies, and determining jumping associated performance
variables for each test, namely EUR, SSC, BLD, and LSI. Specific muscle-strengthening exercises could
be implemented based on this study results and outcomes, aiming to reduce injury risks and lower
extremity asymmetries and to enhance individual football performance in high-level male senior and
professional football players. Sports institutions should pay special attention regarding potential
health problems in athletes exposed to daily high training loads.

Keywords: soccer; strength; interlimb; symmetry; injury risk; performance
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1. Introduction

Football is one of the most popular sports worldwide [1], characterized by a variety
of unpredictable movements involving rapid speed changes [2]. According to previous
studies, this sport is associated with a higher injury rate compared to other competi-
tive sports since the incidence of injury is estimated to be 15 to 35 injuries per 1000 h
of training/matches [3,4], and specifically, muscle injuries (>90%) occur in noncontact
situations [5,6], indications that are associated with a special care in training evaluation
and prescription and monitoring of the competitive events.

Interlimb asymmetry (or bilateral difference, bilateral asymmetry), defined as differ-
ences between the dominant and non-dominant limb function or performance [7], may be
related to long-term training in the same sport [8] and has been a popular source of investi-
gation in recent years. Playing football demands fast and powerful movements, implying
lower-limb muscles in maximal and rapid actions [9]. In football, players are exposed to an
increasing number of competitive events and high volumes of regular training, associated
with a preferred limb dominance [10,11]. Functional asymmetric adaptations may therefore
relate to the asymmetric motor demands [12] which characterize particular sports [13].

The repetition of execution of unilateral movements or skills is one of the particulari-
ties of football in training and competitive events (e.g., cutting, changing direction, and
kicking) [14]; consequently, the increased interlimb asymmetry may be important consid-
ering injury risks under the fatigued state [15]. A minimum symmetry target of 10% has
been previously suggested for evaluation and rehabilitation protocols [16], being equally
considered for clearance to return to practice after anterior cruciate ligament reconstruction
(ACLR) [17]. Lower limb injuries are a serious issue in professional athletes because they
may be associated with long-term absence from match and health-related problems and
related to decreased performance and financial costs [18]. On average, for example, typical
hamstring strain injuries causes athletes to miss 2 weeks of training or competitive play [19],
with this timeline potentially representing up to 6 fixtures being missed, with professional
football teams often experiencing 5–6 hamstring injuries per season [5].

Strength is a very important physical quality in football that underpins successful
performance in the complex and varied motor skill tasks in this sport [20,21]. Jump tests
are a viable method of quantifying interlimb asymmetries and have successfully been
used to prospectively identify the risk of injury of athletes [22]. The countermovement
jump (CMJ) and squat jump (SJ) are among the most regularly used vertical jumps for
evaluation purposes [23,24], and drop jump (DJ) is frequently used as a plyometric exercise
to develop and evaluate jumping performance [25]. The performance in CMJ (height) is
on average greater than the height of the SJ [24,26], and the difference between the jumps,
often indicated as the eccentric utilization ratio (EUR), has been suggested as an indicator
of performance [26]. Lower values of EUR denote that the athlete should improve elasticity
storage, which is usually developed with explosive exercises; in contrast, athletes with
higher EUR are normally directed to training basic strength.

Associated with CMJ and SJ is also the stretch-shortening cycle (SSC), previously
indicated as a stretching of the muscle–tendon unit prior to a shortening [27] and linked
to increased force, mechanical work, torque, and power during the shortening phase of
the SSC [28,29]. More specifically, during CMJ, bilateral deficit (BLD) has been discussed,
although the elements that influence the BLD are not well defined in the literature [30].
Recently, Pleša et al. [31] stressed that higher BLD could reflect improved neuromuscular
capacity in unilateral tasks compared with the bilateral and found that larger a BLD is
associated with superior linear sprint and approach jump performance in volleyball players,
suggesting BLD as a tool to assist practitioners in decision making in athletic training. A
score below 100% is indicative of a bilateral strength deficit, while a bilateral index higher
than 100% is indicative of bilateral facilitation (BLF), where the force of both legs during a
bilateral exercise exceeds the sum of the unilateral movements.

Football demands explosive movement performance such as change of direction speed,
heading, and shooting [32], and all these are often associated with single-leg movements at
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some point. The limb symmetry index (LSI) is associated with single-leg tests and consid-
ered, for example, in return-to-sport decision making for individuals after ACLR [17,33]. It
was previously reported by Krych et al. [34] that 6 months after traditional ACLR, younger
age was a key factor associated with exceptional strength and functional recovery (defined
as strength LSI > 85%), and previous research highlighted that muscle function tests are
strong determinants for between-limb asymmetry predictions in ACLR [35].

Even though some level of asymmetry is probable in football players, few investigators
have examined the prevalence of asymmetry during commonly used screening tests in
high-level football players, mainly because they are exposed to intense training and com-
petitive schedules. It was previously indicated that asymmetries measured during common
screening protocols may be associated with reductions in jumping performance [14] and
that it is important to identify reliable methods of assessing the direction and magnitude
of asymmetries to reduce the potential risk for injury and re-injury in all populations [19].
To the authors’ knowledge, to date, no study with high-level male senior and professional
football players has compared different jumping methods, considering unilateral and bilat-
eral perspectives and the respective associated performance variables (EUR, SSC, BLD, and
LSI), which may provide relevant information regarding evaluation purposes and specific
intervention procedures aiming injury prevention and performance enhancement. Hence,
the aim of the present study was to assess the relationship between different jumping asym-
metries and associated performance variables in high-level male senior and professional
football players.

2. Materials and Methods
2.1. Subjects

Nineteen football players with at least 12 years of training experience (23.2 ± 3.1 years
of age; 75.2 ± 4.8 kg of body mass and 181 ± 0.06 cm of height) were involved in this
research. All subjects, integrated in a Portuguese first division football team, trained for
at least 36 weeks per year with regular 5 training sessions per week (3–4 h per day), plus
1 or 2 competitive events a week, in the preceding 12 months before participation in the
research. The criteria for not participating in the study were injury associated with absence
from training more than 4 days in the 3 months before the research and injury related to
surgical intervention in the 12 months before data collection.

International ethical standards for sport and exercise science research [36] were fol-
lowed and the study also considered the Declaration of Helsinki. The Ethical Committee of
the Polytechnic Institute of Leiria approved the research (CE/IPLEIRIA/22/2021) and club
authorization was obtained before contact with the athletes, with all of these providing
written informed consent. No economic incentives were provided, and goalkeepers were
excluded from this study because of their different training and physical characteristics.
Participants and the clubs’ medical staffs were informed about the potential risks of the
current procedures and provided written informed consent.

2.2. Study Design

Subjects were tested on two occasions at the same time of day to avoid circadian
rhythm effects, each separated by 24 h. All footballers arrived at the club’s training facility
wearing appropriate footwear and comfortable athletic clothing and refrained from intense
training at least 48 h prior to testing.

Previous to data collection, no specific familiarization procedures were necessary be-
cause athletes were all experienced players, many of them with national team international
participation in their national countries, with regular involvement in strength training and
evaluation events. ChronoJump photoelectric cells (Bosco System, Barcelona, Spain) was
used to evaluate the jump´s performance and a 30 cm step platform (Reebok®) during
the DJ. The height of the athletes was evaluated on a measurement platform (Seca 274,
Milan, Italy) and body mass (kg) determined on a calibrated physician scale (Seca 786 Culta,
Milan, Italy).
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2.3. Procedures

A dynamic 20 min warm-up was performed before data collection, and afterward all
subjects practiced each jump test as many times as they wanted, although all players were
instructed to practice each test a minimum of three times.

A 3 min rest period was prescribed between the end of warm-up and the first test. After
that, athletes performed the tests, simultaneously assessed by two experienced observers
with doctoral degrees in sports sciences, accompanied in the data collection by 3 members
of the club’s clinical staff. A total of three attempts were completed in all jumps, and
observers were blinded to each other’s scores. The higher value was considered for the
final analysis [30], and a 1 min rest was granted between each jump to minimize the effect
of fatigue [31].

During testing, no motivational communication took place because communication
is a relevant element in the coach–athlete relationship [37] and could have influence the
performance and score.

2.4. Testing Description
2.4.1. Squat Jump (SJ)

Subjects begin by standing on the designated testing leg with their hands on hips.
Subjects were then instructed to perform with knees bent in a 90◦ flexion position and
afterward, after a short pause moment, and jump as far forward as possible, landing on
both legs. Upon landing, the players were required to ‘hold and stick’ their position for 2 s.
Failure to stick the landing resulted in a void trial and the jump being retaken after a 60 s
rest. This was a criterion for all jump tests.

2.4.2. Countermovement Jump (CMJ)

Participants begin by standing with their hands on hips and were instructed to start
from the standing position and use an explosive countermovement (until the 90◦ knee
flexion position), jumping as high as possible.

2.4.3. Single-Leg Countermovement Jump (SL-CMJ)

Subjects paused in an upright position with hands on hips and feet positioned hip-
width apart. To start the test, one leg was lifted off the floor to approximately mid-shin-
height of the standing leg. Subjects afterward performed a countermovement to 90◦ flexion
position, followed by a quick upward vertical movement, triple extending at the ankle,
knee, and hip, with the objective of jumping as high as possible. The jumping leg had to
remain fully extended, and hands fixed to hips; any variation from this required the trial be
re-taken after a 60 s rest period [22].

2.4.4. Single-Leg Drop Jump (SL-DJ)

Football players were asked to perform single-leg drop jump (SL-DJ) trials on both
legs after hopping from a box of 30 cm height positioned 5 cm posterior to the ChronoJump
photoelectric cells. It was requested that the participants take off standing on a single-leg,
land on the same leg, and stabilize as quickly as possible to afterward perform a quick
upward vertical movement, as described by [38].

2.5. Measurments
2.5.1. Limb Asymmetry Index (LSI)

The asymmetry index was calculated using the equation (dominant limb–non-dominant
limb)/dominant limb) × 100 [39].

2.5.2. Bilateral Deficit (BLD)

The BLD was computed according to the following formula [40]:

BLD (%) = [100 × (Bilateral/Right unilateral + Left unilateral)] − 100
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2.5.3. Eccentric Utilization Ratio (EUR)

The EUR was calculated as the ratio between CMJ and SJ heights and considered
an indicator of lower extremity SSC performance in athletes. An ideal EUR of ~1.1 was
previously suggested, in which the CMJ score should be 1.1× (10%) that of the SJ [26].

2.5.4. Stretch-Shortening Cycle (SSC)

The theory behind SSC is that the muscles and tendons are able to store elastic energy
in the pre-stretch phase of the movement. One example of this is a CMJ, which tendentially
produces more force than an SJ. For SSC measurement, the difference between the two
types of vertical jumps is used (CMJ-SJ) [41].

2.6. Statistical Analysis

Previous to data collection, the sample size required was determined (GPower, v.3.1.9,
University of Kiel, Kiel, Germany). The sample was deemed as adequate based on a
statistical power of 75%, effect size (5% change), and α error probability of 0.05 associ-
ated with 18 subjects. Data was initially organized as means and standard deviations
(M ± SD) in Microsoft Excel™; all additional analyses were made in Statistical Package for
Social Sciences v27.0 (SPSS, IBM Corp, Armonk, NY, USA). Reliability of tests measures
was estimated using intraclass correlation coefficient (ICC) with absolute agreement and
95% confidence intervals. Interpretation considered previous research [42] specifically
values > 0.9 = excellent, 0.75–0.9 = good, 0.5–0.75 = moderate, and <0.5 = poor.

The linear regression models between different test results were computed, the trend-
line equations and determination coefficients (R2) were calculated. Cohen’s d was used
for effect size (ES) calculation and considered extremally large (>4), very large (2–4), large
(1.2–2), moderate (0.6–1.2), small (0.2–0.6), and trivial (0–0.2) [43].

Pearson’s r correlation coefficients between assessment methods were determined,
with the absolute value of the correlation demarcated as follows [44]: negligible correlation
(r2 < 30), weak correlation (r2 = 0.30–0.50), moderate correlation (r2 = 0.50–0.70), strong
correlation (r2 = 0.70–0.90), and very strong correlation (r2 > 90). Paired-sample t-test was
used to compare the studied variables and data obtained with both lower limbs (left and
right). Statistical significance was accepted at p ≤ 0.05.

3. Results

High levels of reliability (ICC > 0.87 and <0.94) were observed in all the test results and
studied variables, with the lower levels associated with single-leg evaluations. Descriptive
statistics of all tests results are shown in Table 1.

Table 1. Mean ± standard deviation (M ± SD), minimum and maximum of performance in all tests.

Variables Mean SD Minimum Maximum

SJ (cm) 36.38 * 6.98 26.30 50.40
CMJ (cm) 38.40 * 5.92 29.60 50.10

EUR (A.U.) 1.06 0.06 0.97 1.17
SSC (%) 6.27 5.50 −3.37 17.14

SL-CMJ (L) (cm) 20.68 # 4.73 12.70 30.90
SL-CMJ (R) (cm) 21.29 ** 5.10 14.80 35.00
LSI-CMJ (A.U.) 92.57 4.98 83.13 99.44
BLD-CMJ (A.U) 11.71 27.68 −33.32 70.22
SL-DJ (L) (cm) 23.41 # 4.89 16.90 31.50
SL-DJ (R) (cm) 24.64 ** 5.36 17.80 33.80
LSI-DJ (A.U.) 89.06 7.79 70.03 97.78

M, Mean; SD, Standard deviation; SJ, Squat jump; CMJ, Countermovement jump; EUR, Eccentric utilization
ratio; SSC, Stretch-shortening cycle; SL-CMJ (L), Single-leg countermovement jump (left); SL-CMJ (R), Single-leg
countermovement jump (right); LSI-CMJ, Limb symmetry index–-countermovement jump; BLD-CMJ, Bilateral
deficit countermovement jump; SL-DJ (L), Single-leg drop jump (left); SL-DJ (R), Single-leg-drop jump (right);
LSI-DJ, Limb symmetry index–-drop jump; * and # significant difference (p < 0.01); ** significant difference
(p < 0.05).
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Results associated with CMJ and DJ were different (p < 0.01). No statistically significant
differences were determined between the right and left leg in the CMJ (p = 0.19) and DJ
(p = 0.14) contrary to the same single-leg performance in both CMJ and SJ. It has also
been found that the laterality effect size on strength was small in CMJ (ES = 0.30) and DJ
(ES = 0.35). Moreover, despite the mean value of SSC being positive, two players exhibited
negative values, −3.37 and −3.13, which represented as consequence in these two specific
cases a EUR value of 0.97, the minimum observed.

Considering LSI and the cut-off threshold of 85%, it should be highlighted that it was
detected in five players an LSI-DJ below 85%, while regarding LSI-CMJ, only two presented
values below this boundary threshold. Regarding BLD, eight players scored lower values
than 100%, indicative of bilateral strength deficit, while the other eleven cohorts, exhibited
BLF (BLD > 100%), since the force of both legs during a bilateral exercise exceeds the sum
of the unilateral movements. Table 2 shows the correlations between the studied variables.

Table 2. Correlations between the studied variables associated with jumps.

CMJ EUR SSC SL-CMJ (L) SL-CMJ (R) BDL-CMJ SL-DJ (L) SL-DJ (R)

SJ 0.97 ** −0.74 ** −0.73 ** 0.71** 0.66 ** - 0.59 ** 0.60 **
CMJ −057 * −0.56 0.73 ** 0.65 ** - 0.59 ** 0.59 **
EUR 0.99 ** - - - - -
SSC - - - - - -

SL-CMJ (L) - 0.92 ** −0.67 ** 0.79 ** 0.79 **
SL-CMJ (R) - −0.57 * 0.71 ** 0.71 **
BDL-CMJ - −0.55 * −0.55 *
SL-DJ (L) 0.77 ** 0.99 **
SL-DJ (R) 1

SJ, Squat jump; CMJ, Countermovement jump; EUR, Eccentric utilization ratio; SSC, Stretch-shortening cycle;
SL-CMJ (L), Single-leg countermovement jump (left); SL-CMJ (R), Single-leg-countermovement jump (right);
BLD-CMJ, Bilateral deficit countermovement jump; SL-DJ (L), Single-leg drop jump (left); SL-DJ (R), Single-leg
drop jump (right). * (p < 0.05), ** (p < 0.01).

Several correlations were visible between performance in jumping tests and associated
performance variables (EUR, SSC, BLD), although no correlations were observed between
LSI-CMJ, LSI-DJ, and all the other studied variables. Figure 1 depicts the linear regression
of SJ and CMJ on EUR.
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4. Discussion

The aim of the present study was to assess the relationship between different jumping
asymmetries and associated performance variables in high-level male senior and pro-
fessional football players. The main findings were: (1) high correlations were observed
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between different methodologies of jump tests (the execution dynamic of CMJ is differ-
ent compared to SJ) and associated performance indicators (SSC, BLD, EUR), except LSI;
(2) CMJ and SJ results were different and should not be used solely and interchangeably as
screening tests performed during preseason to evaluate players physical condition; (3) no
differences were found between interlimb in CMJ and DJ, although between the same limbs
and different jumps differences were detected; (4) LSI between CMJ and DJ were not differ-
ent, despite higher mean values in CMJ and; (5) although mean BLD was positive (>100%),
the results highlight the need for individual evaluation in screening tests performed during
preseason in high-level male senior and professional football since eight players scored
negatively, which is also underlined by the maximum, minimum and standard deviation
of the results in the present study.

Asymmetry was indicated as a potential risk factor for injury in football players [45]
that may be the result of additional stress placed on the soft tissue structures of the non-
dominant leg [46]. Previously, musculoskeletal imbalances of 10% on at least one jump test
were observed in male youth football players [11]. Later, Lockie et al. [47] reported larger
interlimb differences for the SL-CMJ (10.4%) in male team sport athletes aged 23 years,
and more recently, asymmetries of 15% during landing tasks were shown in uninjured
10–18-year-old elite male football players [45]. Additionally, Bishop et al. [48] conducted a
study with elite youth female football players and reported significantly larger asymme-
tries for SL-CMJ (12.5%). Similar observations were previously shown, reporting larger
asymmetry for SL-CMJ (11.2%) in adolescent male handball players aged 16 years [49].

In the present study, CMJ and SJ results were different, and no differences were
observed between interlimb in CMJ and DJ, more specifically, CMJ (p = 0.19) and DJ
(p = 0.14). Although different jump differences were found between the same limbs and
the laterality effect size on strength was small in CMJ (ES = 0.30) and DJ (ES = 0.35), these
results lead us to suggest that CMJ and SJ should not be used solely and interchangeably as
screening tests performed during preseason to evaluate physical condition of high-level
male senior and professional footballers. Moreover, biceps femoris and soleus may impact
jump performance because an early activation of the biceps femoris has been found to
negatively influence the joint power transfer [50], consequently reducing the effect of the
SSC, a key factor related to performance in vertical jumps [51], which allows us to speculate
that CMJ interlimb asymmetry may be particularly related with lateral asymmetry of
these muscles.

The associated mechanisms associated with SSC are highly debated in the literature as
none of the mechanisms can completely explain this SSC-effect [52,53]. The preactivation
of the muscle [54], the stretch-reflex [55], and the release of stored passive-elastic energy in
the tendinous tissue [56,57] are mechanisms attributed to this effect. In this study, despite
the mean value of SSC being positive, two players exhibited negative values, −3.37 and
−3.13, which represented as a consequence in these two specific cases an EUR value of
0.97. This evidence highlights the importance of analyzing not only different methodology
and performance of jump tests but also associated performance such as SCC, and very
importantly, bearing in mind an individual perspective since football team mean values do
not represent individual potential injury risk.

The EUR is used as an indicator of elastic storage in CMJ in strength and conditioning
practice [58]. Larger EUR can be associated with superior CMJ performance but may also
lower SJ performance. Moreover, poor SJ performance could be related to high levels of
muscle slack [24] or to poor ability to develop force rapidly [59]. This is supported by
the evidence that individuals with stiffer tendons, a trait that is beneficial for rapid force
development, exhibit lower EUR [60], and it should also be noted that EUR was larger in
track and field athletes compared to gymnasts and parkour practitioners, while the jumping
performance (SJ and CMJ) was better in the latter cases compared to that in track and field
athletes [61]. In the present study, we found no correlations between EUR and other jump
tests associated performance variables, namely BDL and LSI, only correlations with SJ
(r = −0.74, p < 0.01) and CMJ (r = −0.57, p < 0.05); however, r-squared of the regression
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analysis between EUR and both jump methodologies was not very strong, confirming the
evidence that the utilization of stored elastic energy plays a short role in CMJ, except when
executed with low amplitude [62].

The BLD phenomenon is related to the evidence that force production during a
maximal bilateral contraction normally is lower compared to the sum of total force produced
by the left and right limbs combined [63]. For this reason, true examination of the BLD
is only possible when comparable bilateral and unilateral tasks have been completed
(e.g., bilateral and unilateral CMJ). Previously, Bračič et al. [64] observed a BLD of 19.1%
in 12 elite sprinters. and a jump height BLD of 8.5% was reported in trained volleyball
players [65]. More recently, it was shown that the DJ test showed BLF contrarily to the
CMJ, the authors emphasized that this may offer further support showing the advanced
technical nature of reactive strength tasks [66]. Considering BLD and the results in the
present study, although mean BLD was positive (>100%), we found that eight high-level
male senior and professional football players scored lower than 100%, which is indicative
of bilateral strength deficit, while the other eleven cohorts exhibited BLF (BLD > 100%),
since the force of both legs during a bilateral exercise exceeds the sum of the unilateral
movements. This evidence underlines that when left and right limbs were summed and
still could not exceed the bilateral score, this demonstrates how challenging unilateral
fast SSC activities are, which was previously supported in [67], research which showed
that both endurance and power-based athletes showed a BLF of −3.8 to −13.8% in power
during the DJ test, emphasizing that the wide variation in BLD scores in our and other
studies led Bishop et al. [66] to suggest that this phenomenon should be investigated with
multiple metrics for each test.

Nevertheless, absolute strength is an important factor influencing bilateral strength
asymmetry [68], and the effects of strength asymmetry and/or limb preference on dynamic
athletic movements such as running, jumping and kicking [69], some of the most common
or routine movements in football during training and competition, were verified. In
addition, it has been demonstrated that strength asymmetry of >15% caused a reduced jump
height [68]; therefore, the cut-off threshold of 85% appears to be strengthened by the latter
findings. In another study, Kotsifaki et al. [70] indicated that measuring only jump distance,
even using the healthy leg as a reference, is not sufficient to fully assess knee function after
ACLR, and Wang et al. ([71] suggested that natural mechanics could be responsible for
asymmetry in able-bodied walking instead of neurophysiological mechanisms, for example,
leg dominance, something that should be considered in football because the repetition in
quadriceps activity can have as a consequence muscular imbalances between limbs [72].

In the present study, we found that although LSI between CMJ and DJ was not
different despite higher mean values in CMJ, in five high-level male senior and professional
football players an LSI-DJ below 85% was observed, while regarding LSI-CMJ, only two
presented values were below this threshold boundary. Moreover, no correlations were
noted between LSI-CMJ, LSI-DJ, and all the jumping associated performance variables.
Considering this context, it must be mentioned that when the dominant leg of football
players is associated with dynamic movements and powerful contractions, such as shooting
the ball, the contralateral non-dominant leg is solicited in a different way by ensuring body
stability related to isometric contractions. This motor mechanism repeatedly performed
during training and competition could explain some of the differences between both limbs
in asymmetrical sports. Noteworthy, the maximum, minimum, and standard deviation
results found in our study suggest the need for individualized analysis in screening tests
performed during preseason and also individualized training prescription and recovery
methods in high-level male senior and professional football players.

Thus, from a practical applications perspective, it seems prudent to suggest that
strength training should be considered in high-level male senior and professional football
players, as recently suggested for football academy players [73,74]. Finally, football club
structures (in concrete, some of those associated with decision making regarding daily
training conditions) should assume that collaborative work developed by professionals
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of different areas is a plus for athlete’s global condition and may represent an important
support in the definition of evaluation procedures, specifically protocols aiming to improve
injury prevention and, at the same time, to improve sports performance [18].

It is important to note a few limitations within this study: (a) The possibility that
the results cannot be directly considered and applied to other, age categories, gender or
level football players, because in this study participated male high-level male senior and
professional football players, with experiences and training routines that do not characterize
the vast majority of football players. (b) The study was conducted during the preseason
(August); consequently, the protocols and results should not be considered and applicable
in other moments such during high intensity training load (for example in training camps
without competition events and double or triple training sessions) or weeks with several
competitive events (weekends and mid-week).

Future studies should consider intervention strategies to effectively focus the interlimb
asymmetry concern. It is also advisable to increase the sample size and expand data
collection in more teams of the same football league with different training methodologies
or even other-level teams of different leagues. We also suggest the replication of this
study with other age-categories, gender, and in different events of the season or even
longitudinally between seasons, including the possibility of injury occurrence analysis.

5. Conclusions

The findings of the present study emphasize that high-level male senior and pro-
fessional football players are characterized by fairly good mean values of lower limb
symmetry. However, it should be noted that an in-depth and accurate analysis of jumping
performance in preseason screening tests should be considered aiming to detect injury risk
and specifically evaluating different jumping test methodologies and determining jumping
associated performance variables for each test, namely EUR, SSC, BLD, and LSI.

The correlations between most of the strength tests and jumping-associated perfor-
mance variables underline the relationship between these, which should be considered for
physical evaluation, in a longitudinal tracking performance during football season, and in
a pluriannual perspective, and injury prevention and performance enhancement in football
programs. From a training perspective, it should be noted that bilateral training should in
no way be ignored, although unilateral strength exercises will aid in the development of
unilateral movement competency.

The results in this study highlight that screening for muscle strength and asymmetry
could be of particular importance for football injury prevention, and sports institutions
should pay special attention regarding potential health problems in athletes exposed to
daily high training loads. Specific muscle-strengthening exercises could be implemented
based on this study’s results and outcomes, aiming to reduce injury risks and lower
extremity asymmetries and to enhance individual football performance in high-level male
senior and professional football players.
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Abstract: The reactive strength index (RSI) describes the individual’s capability to quickly change
from an eccentric muscular contraction to a concentric one and can be used to monitor, assess, and
reduce the risk of athlete’s injury. The purpose of this review is to compare the effectiveness of
different training programs on RSI. Electronic searches were conducted in MEDLINE, PubMed,
Scopus, SPORTDiscus, and Web of Science from database inception to 11 February 2022. This
meta-analysis was conducted in accordance with the recommendations of the preferred reporting
items for systematic reviews and meta-analyses (PRISMA). The search returned 5890 records, in
which 39 studies were included in the systematic review and 30 studies were included in the meta-
analysis. Results from the randomized studies with the control group revealed that plyometric
training improved RSI in adult athletes (0.84, 95% CI 0.37 to 1.32) and youth athletes (0.30, 95% CI
0.13 to 0.47). Evidence withdrawn from randomized studies without a control group revealed that
resistance training also improved the RSI (0.44, 95% CI 0.08 to 0.79) in youth athletes but not in adults.
Interventions with plyometric training routines have a relatively large, statistically significant overall
effect in both adult and youth athletes. This supports the implementation of this type of interventions
in early ages to better cope with the physical demands of the various sports. The impact of resistance
training is very low in adult athletes, as these should seek to have a more power-type training to see
improvements on the RSI. More interventions with sprint and combined training are needed.

Keywords: strength; power; reactive strength; players; plyometric training; resistance training

1. Introduction

The reactive strength index (RSI) describes the individual’s capability to quickly
change from an eccentric muscular contraction to a concentric one [1]. In other words, the
RSI was created to assess the athlete’s reactive strength, and it was originally measured
with the drop jump (DJ) test [1]. For this test, the athletes must perform a vertical jump
as soon as they land on the ground from a specific height [1]. The hands can stay on
the athletes’ hips throughout the test or not, as both methods have shown good levels of
reliability [2]. This test should incorporate various drop heights to assess at what height the
athlete can elevate more his centre of gravity, and it was already proven to be a reliable and
valid test to measure the RSI [3]. The RSI can be calculated by dividing the jump height by
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the ground contact time, providing valuable information for coaches, regarding plyometric
performance (i.e., jump height) and how each jump is performed (i.e., ground contact
time) [4]. Jump height can be measured directly or can be derived from flight time with the
following mathematical formula [5]: jump height (m) = (gravity × (flight time)2)/8, where
gravity = 9.81 m/s and flight time is in seconds.

Most recently, with advancements in technology, more tests have been developed to
measure the RSI, such as the countermovement (CMJ), tuck jump, squat jump, weighted
CMJ, single-leg jump [6], 10/5 [7], single rebound jump [8], vertical rebound for 5 repeti-
tions [9], vertical rebound for 15 repetitions [10], and vertical rebound for 10 s tests [11].
In those cases where there is no drop or rebound jump, the RSI is designated explicitly by
reactive strength index modified (RSImod), since it is calculated by dividing the jump height
by the time to take-off (time to produce force from the beginning of the eccentric muscular
phase until the moment the athlete leaves the ground) [6].

To obtain these variables mentioned before (i.e., jump height, flight time, ground
contact time, and time to take-off), three different methods can be used: (a) the flight
time [12]; (b) the difference between the height of two marks during the jump [13]; and
(c) the mathematical integration of the ground reaction force [14]. The first one requires
the use of contact mats [12,15,16], photocell mats [13,15], or accelerometers [16,17]. The
second method uses different devices to calculate displacement (i.e., linear position trans-
ducers) [18]. The third method is considered the best one, as its accuracy is extremely high
if adequate sampling frequency methods are chosen and requires the use of one or two
force plates [13,19].

The use of RSI is vital for high-performance sports professionals, as it can be used as a
motivational tool, in a way that coaches can instantly deliver feedback to their athletes, ac-
cording to their RSI value, in order to improve their physical performance [5]. Furthermore,
both RSI and RSImod can be used as variables to potentially monitor athlete’s neuromuscu-
lar readiness [20]. Moreover, the RSI has been shown to have a strong relationship with
change of direction speed, acceleration speed [21], and agility [22]. Additionally, maximal
strength, especially relative to body mass, appears to have a very strong relationship with
RSImod, indicating that stronger athletes tend to have better reactive strength [23].

However, there is no clear information on which type of training would produce better
improvements on RSI. Besides that, to the best of our knowledge, the scientific literature
does not review this topic. Therefore, the aim of this study was to analyse the strategies
that can improve the RSI of male athletes, through a systematic review of experimental
research and meta-analysis.

2. Methods
2.1. Protocol and Registration

This meta-analysis was conducted in accordance with the recommendations of the
preferred reporting items for systematic reviews and meta-analyses (PRISMA) [24]. The
study protocol was registered with PROSPERO (CRD42020176616).

2.2. Information Sources

The literature search on five electronic databases (i.e., MEDLINE, PubMed, Scopus,
SPORTDiscus, and Web of Science) started on 5 July 2020 and was conducted from database
inception to 11 February 2022.

2.3. Search Strategy

All retrieved papers were exported to CADIMA software, a tool designed to increase
the efficiency of the evidence synthesis process and facilitate reporting of all activities to
maximize methodological rigor [25]. Duplicates were automatically removed. Titles and
abstracts of potentially relevant papers were screened by two reviewers (A.R. and J.R.P.).
Disagreements between authors were solved through discussion and, when necessary, three
other authors (D.M., J.P.D., and J.V.-d.-S.) were involved. Full-text copies were acquired for
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all papers that met title and abstract screening criteria. Full-text screening was performed
by two reviewers (A.R. and J.R.P.). Again, any discrepancies were discussed, until the
authors reached an agreement and consulted the three other authors, when required.

The comprehensive search strategy is available in the Supplementary File
(Supplemental Material S1).

2.4. Inclusion Criteria

Scientific peer-reviewed published papers written in English, Portuguese, French, and
Spanish were eligible for the present systematic review. The review sought to identify all
studies reporting exercise interventions to improve the RSI in both male adult and youth
athletes. Therefore, studies were eligible if: (1) subjects were male athletes; (2) subjects had
between 11 and 45 years old; (3) the study included at least two moments of evaluation,
with a baseline RSI measurement and post-intervention RSI measurement; (4) the study
included a training program that aimed to improve the RSI.

2.5. Exclusion Criteria

Studies that do not describe a protocol to induce effects on RSI or that used RSI during
a recovery program were excluded from the present study.

2.6. Categorisation of Studies

We identified six categories of exercise interventions, through the process of reviewing
the included studies. The definitions of these exercise interventions are provided in Table 1.

Table 1. Definition of types of interventions and comparators.

Type Definition

Intervention

Plyometrics Exercises that are designed to enhance neuromuscular performance on the lower
limbs. This involves application of jump, hopping, and bounding training.

Resistance training Training program that aims to improve strength, power, or hypertrophy with
resistances (e.g., elastic bands, barbells, dumbbells, kettlebells, or body weight).

Sprint training Acceleration or maximal velocity training either resisted or unloaded.

Change of direction (COD) or sprint or
plyometric or a combination of those

COD: Any exercise that enforces the participant to accelerate, decelerate and do a
COD.
This type of intervention is defined by a combination of one or more of sprint
training, COD training, or plyometric training.

Sports-specific training Sports-specific exercises training (e.g., small-sided games in soccer).

Control

Maintained training routines Sport training routines

2.7. Data Extraction

Pre-established data extraction criteria were created with seven items: (a) general
information (authors name and year of the study), (b) sample characteristics (size and
age), (c) sport, (d) training program, (e) measurement equipment, (f) methodology, and
(g) results.

2.8. Risk of Bias Assessment

The revised Cochrane risk of bias tool for randomized trials (RoB 2.0) scale was used
to quantify the risk of bias in eligible, individually randomized, parallel-group trials and
provide information on the general methodological quality of studies. The RoB 2.0 scale
rates internal study validity and the presence of replicable statistical information on a
scale from low risk of bias to high risk of bias [26]. The risk of bias in non-randomized
studies of interventions (ROBINS-I) tool was used to quantify the risk of bias in eligible
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non-randomized trials and provide information on the general methodological quality of
the studies. The ROBINS-I scale rates internal study validity and the presence of replicable
statistical information on a scale from 1 (low risk of bias) to 4 (high risk of bias) [27].
Inter-rater agreement was calculated using Cohen’s kappa coefficient (k). Using different
tools to assess the risk of bias on randomized and non-randomized studies was supported
elsewhere [28].

2.9. Statistical Models

Meta-analyses were conducted to estimate the overall effects of the intervention
programs to improve RSI for all available data, as well as for studies that only included
randomized samples. Within the previous categorization, meta-analyses were also divided
by studies with (intervention vs. control) and without a control group (pre-intervention vs.
post-intervention). Additionally, subgroup meta-analyses were performed to identify the
effects of each training program (“plyometrics”, “resistance training”, “sprint training”,
“sprint or plyometric or a combination of those”, and “sports-specific training”) on adults
(≥18 years old) and youth (<18 years old) athletes. Additionally, pre- and post-intervention
results from all the included studies (randomized and non-randomized) were ranked on
two different meta-analyses to understand the effectiveness of each training program on
adult and youth athletes.

Meta-analysis, and the respective forest plots, were calculated when the mean, stan-
dard deviation, and sample sizes were introduced on the Cochrane collaboration’s review
manager computer program (RevMan version 5.4.1, Oxford, UK). When this data was
impossible to retrieve from the manuscript [29–38], authors were contacted to provide the
missing information. Most of the authors replied to the request [29–34]; therefore, the data
was included on the meta-analyses. In addition, when the same study reported different
RSI measurements (i.e., from different heights and/or tests), the method that resulted in
the highest positive performance change was selected for the meta-analysis.

The pooled data for each outcome were reported as standardized mean differences
(SMD), with a 95% confidence interval (CI). Each meta-analysis was performed using the
random-effects model, and heterogeneity was assessed using I2 statistic and chi-square (Q)
tests. A Q value with a significance of p ≤ 0.05 was considered significant heterogeneity,
while, for the I2 value, 25% was considered low, 50% was considered moderate, and 75%
was considered high heterogeneity [39].

3. Results
3.1. Study Selection

The search strategy returned 5890 records, and the PRISMA flow diagram [40] is
shown in Figure 1. Records were excluded based on the included participants (not male
athletes), intervention or comparator (not a training program), post-intervention data (not
reporting RSI measurements), or testing on surfaces other than the floor (i.e., force sledge).
In addition, for the quantitative synthesis (meta-analysis), ineligible studies were excluded
for reporting RSI data only in figures and/or percentage [35–38] or for being unique, in
terms of physical training method [41,42] and, therefore, not being able to pair it with
other studies to conduct a meta-analysis. In total, thirty-nine studies were included in the
systematic review and thirty-three were included in the meta-analysis.

3.2. Risk of Bias Assessment

Inter-rater agreement for the risk of bias assessment, using the RoB 2.0, was
κ = 0.933; for the ROBINS-I, it was κ = 1.0. Thus, overall, the risk of bias within
individual studies assessed using the RoB 2.0 scale ranged between low and high risk
of bias (Supplemental Material S2), whereas the ROBINS-I scale ranged from a serious
to critical risk of bias (Supplemental Material S3).
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Of the thirty-three randomized studies assessed with the RoB 2.0, twelve (36%) [35,43–53]
had a high risk of bias. Randomisation process (18%) and selection of reported results (15%)
were the most common sources of high risk of bias.

Of the six non-randomized studies assessed with the ROBINS-I, one (17%) [54] was
of critical risk of bias assessment, due to their departures from the intended interventions,
participants being excluded because of missing data, and selection of participants based on
their characteristics observed after the start of the intervention. The remaining five studies
(83%) [36,42,55–57] were of serious risk of bias assessment.

3.3. Study Characteristics

Study characteristics (including training program characteristics) for all 39 included stud-
ies are presented in Supplemental Material S4. Overall, the most common tests used to quantify
the RSI are DJs (79%) [29–36,38,41–43,45,46,49–54,56–66], vertical hops (21%) [44,47,48,67–71],
and CMJs (8%) [37,55,72]. The most popular materials used to quantify the RSI are
contact mats (46%) [29–34,36,38,45,46,49,53,61,62,68,69,71,72], force plates
(36%) [35,37,41–43,48,50,52,54–56,60,65,66], and photoelectric systems (15%) [44,47,57,58,67,70].
Soccer is the most common sport studied (56%) [29–34,36,38,44–48,50,52,53,61,62,67–70], fol-
lowed by rugby (18%) [35,43,50,52,58,60,65] and basketball (8%) [50,53,72]. Intervention dura-
tion ranged from four weeks [35,42,65] to two years [36].
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3.4. Meta-Analysis
3.4.1. Studies with Control Group

Fourteen randomized studies (four with adult athletes [50,51,53,60] and ten with
youth athletes [29–34,45,61,62,68]), with the control group, reporting plyometric training
programs were included in the meta-analysis (Figure 2a). The overall standardized mean
difference in adult athletes was 0.84 (95% CI 0.37 to 1.32), with a significant overall interven-
tion effect. The overall standardized mean difference in youth athletes between groups was
lower than adult athletes, at 0.30 (95% CI 0.13 to 0.47), with the intervention effect almost
the same. Examination of heterogeneity statistics revealed a non-significant heterogeneity
for both adult and youth athletes RSI results (χ2 = 13.60 (p = 0.06), I2 = 49% and χ2 = 23.86
(p = 0.16), I2 = 25%, respectively).

The meta-analysis included two randomized studies (one with adult athletes [52] and
another with youth athletes [68]) reporting a combination of change of direction, plyometric,
and/or sprint training programs (Figure 2b). The overall standardized mean difference in
adult athletes was −0.01 (95% CI −0.83 to 0.82), with a non-significant overall intervention
effect. The overall standardized mean difference in youth athletes between groups was
higher than adult athletes, at 0.65 (95% CI −0.02 to 1.33), with a non-significant overall
intervention effect.

Regarding the non-randomized studies, in Figure S1c, at Supplemental Material S5,
three non-randomized studies with adult athletes [43,54,56] and one non-randomized
studies with youth athletes [55] reporting resistance training programs can be seen. The
overall standardized mean difference in adult athletes was 0.49 (95% CI 0.02 to 0.96),
with a significant overall intervention effect. The overall standardized mean difference
in youth athletes between groups was higher than adult athletes, at 0.65 (95% CI 0.15
to 1.16), also with a significant overall intervention effect. Examination of heterogeneity
statistics revealed a non-significant heterogeneity for both adult and youth athletes RSI
results (χ2 = 0.49 (p = 0.92), I2 = 0% and χ2 = 0.12 (p = 0.94), I2 = 0%, respectively). Non-
randomized studies reporting plyometric interventions or a combination of change of
direction, plyometric, and/or sprint training programs were not found. Therefore, no
meta-analyses were performed for these interventions with non-randomized studies.

3.4.2. Studies without Control Group

Nine randomized studies (two with adult athletes [49,66] and seven with youth
athletes [44,46–48,67,69,70]), without a control group, reporting plyometric training
programs were included in the meta-analysis (Figure 3a). The studies with adults
reported a significant intervention effect, with a standardized mean difference of
0.94 (95% CI 0.29 to 1.60). The overall standardized mean difference in youth athletes
was 0.78 (95% CI 0.31 to 1.24), with a significant overall intervention effect. Examination
of heterogeneity statistics revealed a high heterogeneity for youth athletes RSI results
(χ2 = 58.49 (p < 0.00001), I2 = 76%).

Only one randomized study with adults [49] examined the impact of sprint training
methods in RSI (Figure 3b). The study’s standardized mean difference was 0.56 (95%
CI −0.11 to 1.23) with a non-significant intervention effect. No studies were found for
youth athletes.

Two randomized studies with adult athletes [49,72] and three randomized studies
with youth athletes [58,65,72] reporting resistance training programs were included in
the meta-analysis (Figure 3c). The overall standardized mean difference in adult athletes
was 0.19 (95% CI −0.33 to 0.72), with a non-significant overall intervention effect. The
overall standardized mean difference in youth athletes between groups was higher
than adult athletes, at 0.44 (95% CI 0.12 to 0.75), with a significant overall intervention
effect. Examination of heterogeneity statistics revealed a non-significant heterogeneity
for both adult and youth athletes RSI results (χ2 = 0.42 (p = 0.81), I2 = 0% and χ2 = 1.54
(p = 0.98), I2 = 0%, respectively). One additional non-randomized study [57] reporting
resistance training was found in youth athletes. However, the mentioned study did
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not change the significant effect previously calculated only for the randomized studies
(Figure S2c at Supplemental Material S5).
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(the size of the green dot corresponds to the weight of the study within the meta-analysis) with
control group with (a) a plyometric training intervention, and (b) combination of change of direction,
sprint, or plyometric training intervention.
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3.4.3. Studies Ranked by Intervention Effects

A ranked forest plot of the intervention effects on adult athletes demonstrates that,
compared with pre-test, several interventions demonstrated similar differences: combined
training, with an overall standardized mean difference of 0.58 (95% CI −0.06 to 1.21); sprint
training, with an overall standardized mean difference of 0.56 (95% CI −0.11 to 1.23); and
plyometric training, with an overall standardized mean difference of 0.54 (95% CI 0.26 to
0.82) (Figure 4a). Of those interventions, only plyometrics were considered significant. In
youth athletes, combined training had the largest standardized mean difference (1.15, 95%
CI 0.48 to 1.83), followed by plyometric training (0.61, 95% CI 0.42 to 0.80) (Figure 4b).

3.5. Qualitative Analysis

As previously reported, six studies were not included in the quantitative analysis.
Two [37,38] had plyometric training interventions and, like those who were part of
the meta-analysis, it was seen that this training method improves the RSI. Like the
results from the meta-analyses on plyometric training, participants of those two studies
also improved their RSI. Additionally, another study [41] with a plyometric training
method inside water also improved the RSI performance of their participants. With
respect to resistance training, one study [35] reported two different resistance training
interventions in adult athletes, and the findings suggested that some individuals had
performance decrements over the four week training period. However, one study [36]
with youth athletes showed RSI improvements with a resistance training intervention.
Lastly, one study [42], with adult athletes, had a badminton specific/change of direction
intervention, and it was seen that the RSI improved, mainly due to ground contact times
enhancements, rather than jumping height. The characteristics of all these mentioned
studies can be seen in Supplemental Material S4.
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4. Discussion

This is the first study using meta-analyses to investigate the comparative effectiveness
of different exercise interventions to improve the RSI in both male adult and youth athletes.
Given the importance that RSI may have in athletes’ performance, in particular, acceleration,
change of direction, [21], and agility [22], it is vital to investigate effective strategies to
improve it. Randomized studies with a control group reported significant overall inter-
vention effects, regarding plyometric and resistance training programs, whereas combined
training interventions did not have a significant overall effect. Randomized studies without
a control group reported similar tendencies in youth athletes; however, plyometric, sprint,
and resistance training programs showed a non-significant overall intervention effect in
adult athletes. Compared to randomized studies alone, results from a combination of
randomized and non-randomized did not differ. The results ranked by treatment effect
indicate that resistance training is inferior, compared to both sprint and plyometric training
methods, in enhancing the RSI in adult and youth athletes.

Plyometric training is characterized by a pre-activation (stretch) of the extensors’
muscles (e.g., quadriceps during a jump), followed by a shortening phase of these same
extensors’ muscles, which represents the stretch-shortening cycle (SSC) [73]. The duration
of the SSC, usually measured by the ground contact time, can be categorized into slow
(>250 milliseconds; CMJ, changes of direction) or fast (<250 milliseconds; DJ, sprints) [74].
Studies have shown that low correlations exist between these two types of SSC [75–77],
and reactive strength training is commonly referred as “plyometrics”.

The effectiveness of plyometric training methods to improve jumping height ability
have been shown [75]; since the RSI can be enhanced by improving this variable (by the
formula: RSI = jump height/ground contact time), it is not surprising that plyometrics
were successful in increasing the RSI in both adult and youth athletes. Nevertheless, one
of the plyometric studies [70] reported that the intervention group declined in the RSI
after the training intervention. However, it should be noted that this intervention group
performed the plyometric training on unstable surfaces, which may be done with longer
ground contact times, resulting in worse RSI values.

According to a motor learning perspective, exercises performed in a similar way to the
target task produce an enhanced performance, since they generate a greater transfer, due to
their specificity [78]. With this under consideration, both plyometric and sprint exercises
are usually performed with a maximum acceleration during the triple-extension phase, and
the same applies to the various tests used to quantify the RSI (i.e., vertical hops, CMJ, and
DJ) [79]. Although some resistance training exercises might also have this triple-extension
phase, the movement will always be slower because of the higher loads used, compared to
plyometric and sprint training methods [80]. Additionally, sprint training methods enhance
the SSC muscle function, by decreasing ground contact time and increasing flight time [81],
because of the importance of the eccentric phase during sprinting to maximize the power
output during the concentric phase [82]. Moreover, during the maximal velocity phase of
a sprint, the ground contact time is minimal (~80–120 ms); therefore, there is no time to
produce muscle force [83]. Thus, the force is only produced by the tendons, being that the
tendon stiffness is a particularly important property to generate high forces in a truly short
time (fast SSC) [84]. The ability to sprint and generate high forces in short periods of time
is somehow related to the RSI, as it is calculated by the jump height, divided by the contact
time. Consequently, sprints might reduce the denominator of the RSI formula (i.e., contact
time), and subsequently, increase the RSI value. Furthermore, during the acceleration phase
of a sprint, an athlete needs to produce more horizontal force to propel himself, while, on
the maximal velocity phase, an athlete needs to produce more vertical force [83]. Thus,
the force vector direction is the same during a vertical jump (used to access the RSI) as it
is on the maximal velocity phase of a sprint. Consequently, sprint training (in particular,
maximal velocity), might have some transfer to vertical jumps and, therefore, to better RSI
performances, since this type of training may also enhance motor unit firing frequency,
ultimately benefitting strength−power characteristics [85]. Nevertheless, only few studies
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that used sprint training to improve the RSI were found and more research is needed to
corroborate this tendency.

Although resistance training induced improvements on RSI, youth athletes seem
to take more advantage of this type of training, compared to adult athletes. In general,
adult athletes are more skilled and have higher levels of strength, compared to youth
athletes. Thus, after achieving specific strength standards, to improve their performance,
adult athletes must shift towards a power-type training, while maintaining their strength
levels [86]. In youth athletes, on the other hand, resistance training enhances motor control
and coordination, which are the base for bigger future improvements in other physical
qualities, such as velocity and power [86]. These neural changes that youth athletes
experience during resistance training might explain why this training method produces
better RSI improvements, compared to adult athletes.

The plyometric intervention was the training program most reported in the present
review. Nevertheless, due to different designs (i.e., randomized study vs. non-randomized
study or presence vs. absence of a control group) on the individual studies, it was not
possible to band together with the different plyometric training programs into different
categories (e.g., fast SSC, slow SSC, extensive plyometrics, intensive plyometrics, unilateral,
bilateral, vertical emphasis, and horizontal emphasis). The resistance training program
is also a broad category. Once again, due to different study designs, it was not possible
to group these studies into more specific categories (e.g., high volume, strength training,
power training, and accentuated eccentric training). As it was previously mentioned,
reactive strength describes the individual’s capability to quickly change from an eccentric
muscular contraction to a concentric one [1]. Consequently, it is plausible to consider that
an athlete that is able to produce higher rates of force development during the eccentric
phase will be able to express his/her concentric potential quicker than an athlete with
lower levels of eccentric rates of force development. Therefore, it is expected that resistance
training focusing on producing more force (eccentrically) in less time will also improve
the RSI. Three studies [43,44,65] that were included in the present review reported this
type of training. Whereas, in the studies from Murton and colleagues [65] and Douglas
and colleagues [43], the adult rugby players in the intervention group improved their
performance on RSI after 4 and 12 weeks, respectively, of accentuated eccentric resistance
training. In the study from Fiorilli and colleagues [44], the youth soccer players from the
intervention group did not improve their RSI after 6 weeks of flywheel eccentric overload
training (pre-test: 0.84 ± 0.18; post-test: 0.83 ± 0.18). The flywheel device is an isoinertial
equipment that, in a given movement, returns during the eccentric phase, the exact same
force produced on the concentric phase. Therefore, using this device does not guarantee
that the eccentric overload has been reached per se. As the methodology used by Fiorilli
and colleagues [44] was not fully detailed, this may justify the results previously mentioned.
Consequently, future research should aim to understand not only the effect of the resistance
or plyometric training on RSI but, essentially, the effects of different types/categories of
resistance and plyometric training on RSI.

Furthermore, it was noted that only 36% of the studies included used the gold standard
method of measurement (i.e., force plates) [13]. Despite the fact that contact mats are
cheaper and easier to use than force plates [13], investigators should be warned that the
flight times derived from the contact mats are not always consistent, when compared with
the flight times derived from the force plates [87]. More than half of the studies included in
the review (i.e., 56%) had a sample of soccer athletes. It would be important that future
research dedicate itself to study other sport modalities.

This review highlighted the best training intervention to improve the RSI and indicated
possible directions for future research in this topic. Nevertheless, a limitation of this review
is that some studies could not be included in the meta-analysis, due to not reporting RSI
values in a continuous way. Therefore, fewer studies were included in the meta-analysis
than in the systematic review; it is possible that the inclusion of these studies could modify
the results observed. Additionally, 36% of the randomized studies included had a high risk
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of bias. Although, it is crucial to notice that most of the high risk of bias was due to the
randomisation process.

5. Conclusions

Results from this systematic review and meta-analysis suggest that interventions with
plyometric training routines have a relatively large, statistically significant overall effect
in both adult and youth athletes. Thus, evidence supports implementing these types of
interventions at an early age, in order to better cope with the physical demands of the
various sports. Resistance training seems to have less impact on trained adult athletes;
therefore, trained adult athletes should seek to have a more power-type training to improve
the RSI. More research on specific resistance (e.g., strength vs. power type vs. eccentric
overload) and plyometric (e.g., fast vs. short SSC) interventions are needed. Likewise,
more research with sprint and combined training interventions is needed to understand
the effects of these methods on the RSI.
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Abstract: Background: Hamstring weakness has been associated with an increased risk of hamstring
strain, a common sports injury that occurs when athletes perform actions such as quick sprints. The
hamstring complex comprises three distinct muscles: the long and short heads of the bicep femoris,
the semimembranosus, and the semitendinosus. Methods: The researchers collected the data from
different electronic databases: PubMed, Google Scholar, and the Web of Science. Results: Many
studies have been conducted on the numerous benefits of hamstring strength, in terms of athletic
performance and injury prevention. Isotonic and isometric exercises are commonly used to improve
hamstring strength, with each exercise type having a unique effect on the hamstring muscles. Isotonic
exercise improves the muscles’ strength, increasing their ability to resist any force, while isometric
training increases strength and the muscles’ ability to produce power by changing the muscle length.
Conclusions: These exercises, when performed at low intensity, but with high repetition, can be
used by the healthy general population to prepare for training and daily exercise. This can improve
hamstring muscle strength and flexibility, leading to enhanced performance and reduced injury risk.

Keywords: athlete; exercise; injury; performance

1. Introduction

Hamstring strains are frequently observed in various athletes, from recreational to elite,
and they typically occur during sports that require rapid sprinting and concurrent excessive
muscle stretches, such as athletics and ball games [1–4]. Hamstring injuries are often slow
to heal, and it is not uncommon for them to recur [5]. Nearly one-third of individuals who
have a hamstring injury will reinjure themselves within a year of resuming their sport [6],
and hamstring weakness has also been linked to an increased risk of hamstring strain [7].

Hamstring injuries are intricate and multifactorial in nature [8]. The proposed general
risk factors for a hamstring injury can be classified into intrinsic (player-related) components
and extrinsic (environment-related) factors [9]. Intrinsic risk factors for a hamstring injury
include muscle weakness, instability, weariness, poor flexibility, poor technique, and
psychosocial problems. Extrinsic risk factors include an insufficient warm-up period,
training conditions, and playing surfaces [10]. Hamstring strength is also critical for knee
joint stabilization, which directly affects the characteristics of agility manoeuvres, such as
accelerations, decelerations, direction changes, and cutting [11].

Isotonic [12] and isometric exercises [13,14] are popular methods for developing ham-
string strength. These interventions are frequently used as part of the physical preparation
for a wide range of people, from injured members of the public to elite strength and power
athletes. Changes that are frequently recorded following hamstring isotonic and isometric
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exercises include improvements in muscle mass, tendon quality, strength, power, range of
motion, muscle fatigue delay, and voluntary activation [15].

2. Materials and Methods

The researchers collected the data from three different electronic databases: PubMed,
Google Scholar, and the Web of Science. The data collected were limited to English lan-
guage studies. Boolean logic (OR, AND) was used with keywords and other free terms to
combine searches: (‘exercise’ OR ‘training’ OR ‘isotonic exercise’ OR ‘isometric exercise’)
AND (‘muscle’ OR ‘hamstring’ OR ‘injury’ OR ‘biceps femoris’ OR ‘semitendinosus’ OR
‘semimembranosus’). The data collected in different databases followed their specific syntax
rules. We also collected articles present in the reference lists of the resulting articles that
were within the scope of this review.

3. Results

We selected 7 main articles out of 879 after deletion of the non-English literature. The
articles are original studies that focus more on isotonic and isometric exercises (Table 1).

Table 1. Summary of related studies.

Authors Year Result

Rich A., Cook J.L., Hahne A.J., et al. [16] 2021 Isotonic (eccentric) exercise helps to
increase hamstring muscle strength.

Rio E., Kidgell D., Purdam C., Gaida J.,
Moseley G.L., Pearce A.J., Cook J. [17] 2015

Quadriceps strength on maximal
voluntary isometric contraction
(MVIC) increased significantly

following the isometric condition.

Seagrave, et al. [18] 2014

Nordic hamstring exercises may
decrease the incidence or acute

hamstring injuries by increasing
the strength.

Nelson, R.T., Bandy, W.D. [19] 2004 Eccentric exercise helps to improve
hamstring muscle flexibility.

Delahunt E., McGroarty M., De Vito G.,
Ditroilo M. [20] 2016 Improvement in hamstring muscle

control during eccentric contractions.

Marusic J., Vatovec R., Markovic G.,
Sarabon N. [21] 2020

Short-term eccentric hamstring
strengthening at long muscle length
can have significant favorable effects

on various architectural and
functional characteristics of

the hamstrings.

Van der Horst N., Smits D.W., Petersen
J., Goedhart E.A., Backx F.J. [17] 2015

Nordic hamstring exercise protocol in
regular amateur training significantly
reduces hamstring injury incidence.

4. Discussion
4.1. Hamstring Structure and Function

Numerous studies have demonstrated a strong correlation between hamstring strength
and athletic abilities, such as running and jumping [22,23]. The human hamstring muscle
complex comprises three separate muscles: the semitendinosus, semimembranosus, and
biceps femoris. This complex is involved in a wide variety of activities, from standing
to explosive movements, such as sprinting and jumping [24]. Two of the muscles of the
hamstring complex originate in the pelvis and run posteriorly along the length of the femur,
via the femoroacetabular and tibiofemoral joints. The short head of the biceps femoris, in
contrast, originates on the lateral lip of the femoral linea aspera, distal to the femoroacetab-
ular joint [24]. As a result, some argue that it is not a true hamstring muscle. Unlike the
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biceps femoris, the other two hamstring muscles originate from the ischial tuberosity. The
proximal long heads of the biceps femoris and semitendinosus muscles are connected by
the aponeurosis. It extends roughly 7 cm from the ischial tuberosity. The distal hamstrings
define the superolateral (biceps femoris) and superomedial (semimembranosus and semi-
tendinosus) margins of the popliteal fossa. The gastrocnemius is primarily important for
establishing the inferior border of the popliteal fossa [24].

The hamstring muscle complex is responsible for hip extension and knee flexion. It
activates during the final 25% of the swing phase of the gait cycle, providing hip extension
force and resisting knee extension. Additionally, the complex acts as a dynamic stabilizer
of the knee joint. In conjunction with the anterior cruciate ligament (ACL), the muscles
prevent the tibia from undergoing anterior translation relative to the femur during heel
strike [25].

4.2. Muscle Types

The hamstring muscles are the three major muscles of the posterior aspect of the
thigh. The semimembranosus is the medial-most muscle, the long and short heads of
the biceps femoris are the lateral-most, and the semitendinosus is between them. This
group of muscles is clinically significant, as it is highly susceptible to injury, especially in
athletes [26].

Woods et al. described the anatomical distribution of hamstring injuries, observing that
53% of cases involved the biceps femoris, 16% the semitendinosus, and 13% the semimem-
branosus [27]. The biceps femoris is the strongest muscle in the hamstring complex, and it
is responsible for knee flexion, external rotation, and posterolateral stability [28].

The biceps femoris muscle has both a long and short head, although the short head
may be missing in some common variations. The long head originates from the medial
ischial tuberosity and the inferior sacrotuberous ligament. The short head originates from
the lateral lip of the femur’s linea aspera, the proximal two-thirds of the supracondylar
line, and the lateral intermuscular septum. The two heads converge to produce the biceps
femoris tendon, which is attached to the fibular head, crural fascia, and proximal tibia [28].

The semitendinosus muscle has been shown to exhibit stronger neuronal, metabolic,
and stiffness responses than the other hamstring muscles during a knee flexion test, im-
plying that the way in which the load is shared between these muscles results in a greater
workload on the semitendinosus. However, because the hamstring heads differ physio-
logically and mechanically [29], the reactions to fatigue may also differ, in terms of active
stiffness between the muscle components [30].

The semitendinosus is a solitary muscle, but it is more appropriately considered a
digastric muscle physiologically, because of the presence of an intervening raphe into which
the proximal fibres insert. These fibres arise from the upper region of the ischial tuberosity’s
inferomedial impression via a tendon that connects to the long head of the biceps femoris.
Of the three hamstring muscles, the semitendinosus has the shortest proximal tendon and
the smallest physiological cross-sectional area (8.08 cm2) [31].

Caudal to the ischial tuberosity, the semitendinosus muscle becomes bulbous, with the
semimembranosus tendon lying anterior to it. The semimembranosus muscle is frequently
confused with the semitendinosus muscle, since the latter’s proximal tendon is not always
a separate tissue. Further distally, the semitendinosus muscle produces a long tendon. This
elongated distal tendon may exacerbate the muscle’s proneness to rupture [32].

Although the semimembranosus muscle may contribute to creating this conjoint ten-
don, this structure could be considered an anatomic variation [27]. The semimembranosus
muscle originates on the superolateral part of the ischial tuberosity, beneath the proximal
half of the semitendinosus muscle. The semimembranosus tendon runs between the me-
dial and anterior sides of the other hamstring tendons. The proximal tendon is a lengthy
structure that connects to the adductor magnus tendon and serves as the origin of the long
head of the biceps femoris [25].
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On the other hand, the semimembranosus, with its shorter fibre length, larger cross-
sectional area, and shorter tendon, may contribute more to knee stabilization by stiffening
the medial joint and resisting rotational loads. This selectivity of muscle activation within
adjacent muscles has been demonstrated in studies of the lower and upper limbs using
electromyography [33]. The semimembranosus is the largest muscle in the leg, with the
longest proximal tendon. A broad aponeurosis joins the ischial tuberosity to its proximal
insertion. The distal segment comprises tendinous branches joined to the popliteal fascia,
the oblique popliteal ligament, and the posterior portion of the medial tibial condyle [34].

4.3. Injury

The majority of hamstring strains occur during intense sports, such as sprinting, which
cause the muscles to overextend in response to abrupt changes in speed or direction. The
most frequently damaged hamstring muscle starts from the biceps femoris, the semimem-
branosus to the semitendinosus [35]. Hamstring injuries typically cause posterior thigh
pain, which is aggravated by knee flexion and hip extension. Patients may occasionally
report hearing a “popping” sound with serious injuries. When clinicians evaluate a patient
with a suspected hamstring injury, they must rule out other probable diagnoses, such as
lumbosacral radiculopathy, adductor strain, or femoral stress fracture [2].

A grade 1 hamstring strain is defined as slight discomfort or swelling, little or minimal
loss of function, absence of pain and functional impairment, and the presence of minor
disruption of the hamstring myofibrils. A grade 2 hamstring strain is defined as recog-
nizable partial tissue disruption with considerable pain, oedema, and function loss due
to partial-thickness tears of the musculotendinous fibres. A grade 3 hamstring strain is
defined as musculotendinous unit disruption or tear with severe discomfort, oedema, and
loss of function [36].

Protection, rest, ice, compression, and elevation should be used to limit inflammation
and swelling in the acute phase of hamstring injuries [37]. The patient’s pain threshold
should regulate their range of motion, since excessive hamstring stretching may result in
scar tissue formation [38]. The role of nonsteroidal anti-inflammatory drugs (NSAIDs) in
treating hamstring injuries is debatable, with some studies indicating little benefit, while
others indicate possible adverse effects [39]. However, short courses of NSAIDs (5–7 days)
have been shown to not adversely affect recovery, but should be used purely as analgesics.
Alternative pharmacologic therapies, such as platelet-rich plasma, have been found to
assist recovery in athletes, although there are currently insufficient data to support the use
of platelet-rich plasma to treat muscle strain injuries [40].

Fast and slow myosins could be markers of skeletal muscle injury [41]. The bi-
ceps femoris long head myosin heavy chain composition was not found to be ‘fast’, and,
therefore, the composition does not appear to explain the high incidence of hamstring
strain injury [42]. Furthermore, in vitro studies demonstrate that type II fibres (MHC-II)
have a higher rate of force development [43] and greater maximum force at high veloci-
ties of shortening, yet the influence of MHC composition on in vivo hamstring function
remains unknown.

Exercise programmes focused on eccentric contraction have been shown to signifi-
cantly reduce the recovery time in patients who have healed sufficiently to resume ther-
apeutic activities [24]. These regimens can be tailored to the patient’s recovery level and
can contribute to reducing the injury recurrence rate [44]. Although hamstring stretching
is widely recommended to reduce the risk of reinjury, there is no evidence that hamstring
flexibility training reduces the rate of hamstring reinjury. Additionally, research has high-
lighted the crucial role of neuromuscular control in the lumbopelvic region. According to a
2004 prospective randomized research study, patients with acute hamstring strain injuries,
who received rehabilitation using a progressive agility and trunk stabilization programme,
had a reduced recurrence rate compared to those who received more typical progressive
stretching and strengthening [45].
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4.4. Isotonic Exercise

Isotonic exercise is a form of resistance training, and can be performed using free
weights to strengthen a specific muscle area. Isotonic workouts emphasize comprehensive
fitness, so they are popular with those looking to lose weight, improve muscle tone, increase
physical power, or build their muscles. Examples of isotonic exercises include dumbbell
curls and bench presses. However, isotonic exercise may result in delayed-onset muscular
soreness [16].

In one study, a three-week regimen of isotonic hamstring exercise resulted in no
improvement in pain or function [46]. Additionally, tendon pain may impair a patient’s
ability to engage in sports, employment, and other daily activities. The effect of a hamstring
injury on work and social activities is especially significant, since pain during sitting is
often the predominant complaint [47,48]. Isotonic exercise has been well described in the
literature, and it is clear from recent reviews that the greatest improvements in force and
power production are observed at movement velocities similar to those used in training [49].

A typical isotonic exercise regimen is a standard gym programme, but with the weights
moving at varying speeds. Throughout the workout, the approach emphasizes isotonic
muscular contractions. A static weight is used to maintain muscle tension during the
action. This affects the muscle, expanding the muscle cells and increasing the amount of
weight that the muscle can lift. Alternatively, an isotonic exercise regimen is a form of
muscular exercise intended to increase muscle strength and endurance. Since hamstring
strains frequently occur during eccentric muscle contraction, stressing these muscles with
eccentric exercise may help to avoid further hamstring strains [50].

The terms “concentric” and “eccentric” originate from basic physiology and refer to
muscle contraction. Two types of muscular contractions have been described: isometric
(no change in muscle length during contraction) and isotonic (constant tension in the
contraction as the muscle length changes) [51]. Isotonic contractions are classified into
two types: concentric and eccentric. Concentric contractions cause the muscular tension
to increase in response to resistance, and then stabilize as the muscle shortens. Eccentric
contraction causes the muscle to lengthen as the resistance exceeds the force produced by
the muscle [51].

When the force applied to the muscle exceeds the instantaneous force produced by
the muscle, eccentric (lengthening) muscular contraction occurs, resulting in the forced
lengthening of the muscle–tendon system while the muscle contracts [52]. In comparison
to concentric or isometric (constant-length) muscular contractions, eccentric muscle ac-
tions exhibit numerous distinguishing characteristics that may account for their unique
adaptations [53]. Although they are not usually evident, eccentric muscular contractions
are a necessary component of most motions performed during daily or athletic activities.
Skeletal muscles contract eccentrically to support the body’s weight against gravity, absorb
shock, and store elastic recoil energy for concentric (or accelerating) contractions [54].

The importance of such contractions in decelerating is revealed in downhill jogging or
walking downstairs, which emphasizes the eccentric effort of the knee extensor muscles [55].
The favourable adaptive responses in hamstring strength and the architecture of the biceps
femoris long head to eccentric hamstring exercise training are well documented [56].

Eccentric training has been found to elicit neuromuscular changes that are largely
specific to each kind of muscle movement [57]. The eccentric role of muscles is critical in
most sports. Eccentric muscular contractions enhance performance during the concentric
phase of stretch-shortening cycles, which is critical for activities such as sprinting, jumping,
and throwing. Muscles stimulated during lengthening motions can also operate as shock
absorbers, assisting the athlete in decelerating during landing activities or accurately
responding to strong external loading in sports such as alpine skiing [58]. Shorter muscle
length has been shown to be a strong predictor of 100 m times in well-trained sprint
runners [59], and increases in fascicle length have been observed in both a group of athletes
who eliminated heavy resistance training and increased their high-speed training [60] and
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a group of resistance trainers who performed the concentric phase of their lifts at maximum
velocity [60,61].

Isotonic exercise is effective for the development of hamstring muscle strength. Addi-
tionally, eccentric strength training has been shown to have a dramatic effect on overall
hamstring muscle strength, with 29% and 19% improvement from eccentric and concentric
exercise, respectively [62]. Both eccentric and concentric exercises have been shown to
result in significant improvement in isotonic strength in the knee extensor muscles, which
was related to hamstring strength, after a 12-week intervention [63]. In another study,
hamstring stiffness increased significantly with isometric training (15.7%), suggesting that
such training may be an important addition to ACL injury prevention programmes [13].
Eccentric hamstring exercises also help to improve some physical fitness components, such
as the ability to sprint and jump over 5, 10, and 20 m and to countermovement jump [12].

Isotonic training consists of both eccentric and concentric exercises; thus, it positively
affects the hamstring muscles, enabling them to produce more force and power, supporting
performance. During eccentric and concentric muscle contraction, the muscle length
changes, producing power. This training also affects the flexibility and stiffness of the
muscles. Performing isotonic training may, thus, help to enhance the capacity of the
hamstring muscles, to improve performance and reduce the risk of injury.

4.5. Isometric Exercise

Resistance training is used by a wide variety of people, from injured members of
the general public to elite strength and power athletes [64]. Isometric training is gentle
on the joints, while maintaining and increasing strength, making it ideal for individuals
who require low-impact exercise due to an injury or arthritic condition. It also provides
an excellent workout that is achievable without having to leave the house or go to the
gym. Isometric exercises have recently been recommended to help alleviate and manage
tendon pain [17].

Isometric exercises build muscle mass, strength, and bone density, while reducing
cholesterol and improving digestion. Isometric contractions may, indeed, be more useful
for improving muscles than eccentric contractions and flexibility [65]. Isometric exercise
is, thus, a popular method of developing hamstring strength [12]. This exercise is a
self-controlled bodyweight resistance variation of the traditional leg curl exercise. It
does not require any equipment and provides an eccentric stimulus using bodyweight.
Isometric training has been shown to alter physiological characteristics, such as muscle
architecture, tendon stiffness and health [66], joint angle-specific torque [67], and metabolic
activity [68]. Isometric contractions have been shown to carry a lower metabolic cost than
concentric dynamic contractions. This leads to the hypothesis that performing maximal
isometric contractions during warm-up may enhance subsequent explosive performance,
while limiting the detrimental effects of accumulated fatigue [69]. Maximal isometric
contractions during warm-up may also increase hamstring stiffness [13] because such
stiffness is significantly correlated with isotonic muscle performance [70].

Numerous benefits have been attributed to isometric contraction training. Such train-
ing enables the application of force in rehabilitative settings to be firmly controlled within
pain-free joint angles [71]. Isometric squat exercises that improve hamstring muscle con-
traction help to improve strength performance and kayaking sprints, relative to traditional
exercises [72]. One study showed that isometric training resulted in improved hamstring
isometric peak torque (9%), increased fascicle length (22%), and reduced pennation angle
(−17%) in the biceps femoris long head [73]. Isometric training also enables the induction
of force overload, since the maximal isometric force is larger than the force produced
by concentric contractions [15]. Further, a practitioner who is familiar with the physical
demands of a sport may be able to use isometric training to target specific weak areas in
the range of motion, which can have a beneficial effect on performance [74] and injury
prevention [9]. Finally, isometric contractions can also be used to provide analgesic relief
and enable painless dynamic loading [17].

230



Healthcare 2022, 10, 811

The previous study of isometric exercise suggested that a TheraBand (Hygenic Corp.,
Akron, OH, USA) was wrapped around the heel and the subject held the ends of the
TheraBand in each hand [19]. The subject was instructed to keep the right knee locked in
full extension and the hip in neutral internal and external rotation throughout the entire
activity. The subject was then instructed to bring the right hip into full hip flexion by
pulling on the TheraBand, attached to the foot, with both arms, making sure the knee
remained locked in full extension at all times.

By performing a 70% maximal voluntary isometric contraction, study results show
that a greater improvement in hamstring musculotendinous stiffness [13] and increasing
the loading strategy with a heavy slow resistance program was helpful to the proximal
hamstring tendinopathy [75].

Isometric exercises, thus, train the muscle to maintain its resistance ability against any
force or under any conditions. They provide a simple and effective approach that can help
to improve the hamstring muscles, and increase their resistance and power during activity.
Most injuries to hamstrings occur because the muscles lack the strength to maintain the
force or produce the amount of energy required.

5. Conclusions

The hamstring muscle group comprises the biceps femoris short and long heads,
semitendinosus, and semimembranosus. Hamstring injuries are common in athletes of all
levels, from beginners to professionals, and as is also explained, a myosin heavy chain does
not appear to explain the high incidence of hamstring strain injury. Increasing hamstring
muscle strength has traditionally been used as a preventative measure to reduce the risk of
injury. Resistance training, consisting of both isotonic and isometric exercise, is widely used
to treat hamstring muscle injuries. Isotonic exercise comprises both eccentric and concentric
muscular contractions, and is defined as exercise that changes the muscle length, while
isometric exercise results in no change in the muscle length. Isotonic training has been
well described as the most effective method for increasing force and power generation, and
isometric exercise improves hamstring muscle stiffness. While each of these exercise types
has its own beneficial effects on hamstring muscle strength, judiciously combining the two
may result in the greatest improvement in hamstring muscle strength for performance.

Applying both isotonic and isometric exercise may have different effects on the ham-
string muscle. These exercises should be performed at low intensity and with high repeti-
tion by beginners, for 6–12 weeks. Once the muscle has adjusted to the exercise and requires
a greater load to improve further, the load can be increased, and the volume or repetition
of the exercise can be decreased. Most athletes use this type of exercise during the general
preparation phase of their training, but the general population can use this exercise as well,
depending on their needs. Muscle training is important for improving hamstring muscle
capacity and reducing injury risk. Isometric exercise will train the muscles to maintain
their ability to resist any force or under any conditions. Isometric exercise is a simple and
effective approach to improve the resistance and power of the hamstring muscles during
activity. Most hamstring injuries occur because the muscles lack the strength to produce
the force or energy required.
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Abstract: The velocity loss method is often used in velocity–based training (VBT) to dynamically
regulate training loads. However, the effects of velocity loss on maximum strength development
and training efficiency are still unclear. Therefore, we conducted a dose–response meta–analysis
aiming to fill this research gap. A systematic literature search was performed to identify studies on
VBT with the velocity loss method via PubMed, Web of Science, Embase, EBSCO, and Cochrane.
Controlled trials that compared the effects of different velocity losses on maximum strength were
considered. One–repetition maximum (1RM) gain and 1RM gain per repetition were the selected
outcomes to indicate the maximum strength development and its training efficiency. Eventually, nine
studies with a total of 336 trained males (training experience/history ≥ 1 year) were included for
analysis. We found a non–linear dose–response relationship (reverse U–shaped) between velocity
loss and 1RM gain (pdose–response relationship < 0.05, pnon–linear relationship < 0.05). Additionally, a negative
linear dose–response relationship was observed between velocity loss and 1RM gain per repetition
(pdose–response relationship < 0.05, pnon–linear relationship = 0.23). Based on our findings, a velocity loss between
20 and 30% may be beneficial for maximum strength development, and a lower velocity loss may be
more efficient for developing and maintaining maximum strength. Future research is warranted to
focus on female athletes and the interaction of other parameters.

Keywords: velocity–based training; resistance training; one–repetition maximum; maximum strength;
training efficiency

1. Introduction

Maximum strength development is critical for improving force–time characteristics
and thereby, various athletic performances [1], including but not limited to jumping [2,3],
sprinting [4], changing direction [5], and even specific sports skills [1]. Furthermore, greater
strength is beneficial for the structural strength of ligaments, tendons, tendons/ligaments
to bone junctions, joint cartilage, and connective tissue sheaths within the muscle, thereby
reducing the risks in sports [6]. For these reasons, many efforts have been made to find
effective training methods for developing maximum strength.

In the past decades, traditional resistance training (RT) methods have been viewed
as a “gold criterion” in prescribing training loads for maximizing muscular strength [7].
However, traditional RT loads are usually designed based on individuals’ 1RM (one–
repetition maximum) before starting an RT session [8]. Such predesigned training loads
rarely consider athletes’ daily fluctuation in training state or performance [9,10], which
may lead to inappropriate training loads, lower training benefits, and even degeneration
or injuries [10]. In this context, a series of regulable and flexible RT methods, known as
autoregulation methods, were invented to avoid this limitation of traditional RT.

Velocity loss (VL) is a critical index/parameter of velocity–based training (VBT) and
is often applied to determine the number of repetitions in a training set [9]. Specifically,
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a training set will be called to stop when the velocity loss exceeds a target value. To date,
some scholars have focused on the role of velocity loss methods in developing athletic
performances [11–14], but the optimal velocity loss for maximizing strength adaption is
still inconclusive.

In practice, competitive athletes usually have complex training arrangements, espe-
cially in competitive seasons. They may have fewer RT sessions and, in turn, a lower
maximum strength [15,16]. Therefore, how to maintain and enhance maximum strength
with a lower RT volume becomes a valuable research question. Several previous studies on
VBT have implied that a lower velocity loss and its higher counterpart may be or similarly
effective in maximum strength development, but the lower velocity loss may result in a
lower training volume under the same relative intensity [17,18]. In other words, one repeti-
tion in a training intervention may lead to a greater gain of maximum strength on average
under a lower velocity setting. This topic of training efficiency, however, has only been
studied concerning traditional RT [19], while the relationship between velocity loss and
training efficiency in VBT is understudied yet. Therefore, we conducted this dose–response
meta–analysis aiming to:

1. Examine the effect of velocity loss on maximum strength development;
2. Examine the effect of velocity loss on the efficiency of maximum strength development.

2. Materials and Methods

This review was conducted following the recommendations for the preferred reporting
items for systematic reviews and meta–analyses (PRISMA) [20]. However, due to the nature
of the research question, outcome, and paper organization, we could not register our review
in PROSPERO or other alternative databases [21].

2.1. Eligibility Criteria

Aiming to serve athletic training, studies on sportspeople who have at least a year
of RT experience/history were considered. Studies that selected squat, bench press, and
deadlift as the major training event were considered [22]. To investigate the long–term effect,
interventions that lasted for at least four weeks were considered [23]. Guided by previous
reviews, we used the one repetition maximum (1RM) for indicating maximum strength [24].

Our eligibility criteria obeyed the PICOS principle as follows [25]:
–P (population): people who have RT experience/history for at least one year;
–I (intervention): at least four weeks of VBT intervention that selected squat, bench

press, and deadlift as their training events;
–C (comparison): compared the effect of VBT with different velocity losses on maxi-

mum strength;
–O (outcomes): 1RM was measured in the training events;
–S (study design): controlled trials based on pre–post designs that evaluated the effect

of different velocity loss methods on maximum strength.

2.2. Information Sources and Search Strategy

A systematic literature search was conducted through the following English electronic
databases: PubMed, Web of Science, Embase, EBSCO, and Cochrane. The time range was
between the inception of each database and January 12, 2023. The detailed search strategy
is shown in Table 1.

Table 1. Searching strategy for study inclusion.

Steps Searching Command Field

#1 Velocity–based training OR VBT OR velocity–based resistance training OR VBRT OR velocity loss OR VL Title or abstract
#2 Maximum strength OR one–repetition maximum OR 1RM OR strength performance Title or abstract
#3 #1 AND #2
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2.3. Study Selection

Two authors (XZ and HSL) independently selected relevant studies based on their
titles, abstracts, and full texts. Any discrepancies were resolved by discussion or judgments
from another author (SYF) [26].

2.4. Data Collection Process and Data Items

Two authors (XZ and HSL) independently extracted data from the included articles,
including title, publication year, author name, study design, participant profile, sample size,
intervention, measurement, and outcomes. Any discrepancies were resolved by discussion
or judgments from a third author (SYF). Since 1RM is the most commonly used measure
for evaluating maximum strength performance [8,27], it was selected as the outcome in the
current study.

2.5. Risk of Bias Assessment

The risk of bias in the included studies was assessed using the PEDro scale (phys-
iotherapy evidence–based database). According to the previous study, the PEDro scale
was evaluated to have a high reliability and validity [28,29]. Items 2 to 11 were used to
calculate the PEDro score. The methodology criteria were scored as: “Yes” (one point),
“No” (zero points), or “Don’t know” (zero points). The total PEDro score indicates the
overall quality of each study (9–10 = excellent; 6–8 good; 4–5 = fair; and <4 = poor). Two
authors (XZ and HSL) independently assessed the potential risk of bias. Any discrepancies
were resolved by discussion or judgments from another author (SYF).

2.6. Statistical Analysis
2.6.1. Variable Calculation

The maximum strength development was represented by the 1RM gain throughout
the intervention, which was calculated as the mean change from the baseline to the final
test (post–pre interventions). The change in SD of the 1RM was calculated according to the
Cochrane Handbook for Systematic Reviews of Interventions (Section 6.5.2.8) [30].

As the authors of the included studies did not provide correlations upon our request,
we followed the method of others and assumed a conservative correlation coefficient of 0.5
for calculating [31]. This formula is as follows:

SDchange =
√(

SD2
baseline + SD2

f inal −
(
2× 0.5× SDbaseline × SD f inal

))

where SD indicates the standard deviation, and baseline and final indicate the outcome
measured before and after an intervention.

The 1RM gain per repetition was used to assess the efficiency of different velocity
loss methods and was calculated as the mean change (post–pre) in the maximum strength
results divided by the total repetition throughout the intervention.

2.6.2. Dose–Response Meta–Analysis

The dose–response meta–analysis was carried out to examine the “velocity loss–1RM
gain” and the “velocity loss–1RM gain per repetition” relationships. The robust error meta–
regression (REMR) model was used for analyzing dose–response relationships [32]. This is a
one–stage method that considers all included studies as a whole and treats each study as a
cluster in order to validate the fitting of the dose–response curve. In addition, in order to
consider both linearity and non–linearity in one model, we used the restricted cubic spline
(RCS) function to fit the dose–response trend. The random knots were used in the RCS
function [33]. Three random knots divided the data into four pieces, and the dose–response
curve was fitted within each piece and was further smoothed at the knots. The first and last
pieces were restricted as linear, while for the second and third pieces, a cubic spline was fitted.
When the cubic and quadratic terms in the function are equal to zero, the RCS automatically
degrades into a simple linear function. The Wald test was used to test the probability that
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the cubic and quadratic terms equal zero [34]. Egger’s test was conducted to evaluate the
publication bias [35]. All analyses were performed using STATA 14.0 (StataCorp LLC, Texas,
US), and a p–value < 0.05 was considered statistically significant [36,37].

3. Results
3.1. Study Selection

The systematic literature search and study selection processes are outlined in Figure 1.
A total of 3438 studies were identified in the search. After that, 3423 were excluded due
to duplication, title, and abstract. Six studies were excluded for inappropriate controls or
missing outcomes. Eventually, nine studies were included in the current study.
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Figure 1. Flow diagram of the screening and selection of studies.

3.2. Study Characteristics

Nine studies and 336 subjects were included in the current study (Table 2). The studies
were published between 2017 to 2022. All subjects were trained males (at least one year
of RT history or from professional clubs). Most studies (n = 6) deployed an 8–week VBT
intervention, and three other studies respectively performed a 5–week, a 6–week, and a
7–week VBT intervention, respectively. Most studies (n = 6) selected squat as the training
events, and three studies used bench presses. All studies tested the 1RM as the primary
outcome. All the included studies were controlled for relative intensity, the number of sets,
and recovery time/interval. The range of velocity was between 0% and 50%.
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Table 2. The characteristics of the included studies.

Authors
Velocity Loss

(Sample) Gender
Age

(Years)
Experience

(Years)
Intervention

(Weeks) Training Design
Total

(Repetitions) Outcome

Galiano,
et al. [38]

VL5 (n = 15)
VL20 (n = 13) Male 23.0 ± 3.2 At least

1.5 years 7 weeks

Event: squats
Intensity: 50% 1RM

Set: 3 sets
Recover time: 3 min

Frequency: twice a week

VL5 (156.9)
VL20 (480.5) 1RM

Rodríguez-Rosell,
et al. [39]

VL10 (n = 11)
VL30 (n = 11)
VL45 (n = 11)

Male 22.8 ± 3.9 At least 1 year 8 weeks

Event: squats
Intensity: 55–70% 1RM

Set: 3 sets
Recover time: 4 min

Frequency: twice a week

VL10 (180.8)
VL30 (347.9)
VL45 (501.1)

1RM

Rodríguez-Rosell,
et al. [40]

VL10 (n = 12)
VL30 (n = 13) Male ≈22.49 At least 1 year 8 weeks

Event: squats
Intensity: 70–85% 1RM

Set: 3 sets
Recover time: 4 min

Frequency: twice a week

VL10 (109.6)
VL30 (228.0) 1RM

Rodiles-Guerrero,
et al. [41]

VL10 (n = 15)
VL30 (n = 15)
VL50 (n = 15)

Male 23.0 ± 2.0 At least 1 year 5 weeks

Event: bench presses
Intensity: 65–85% 1RM

Set: 4 sets
Recover time: 3 min

Frequency: three times a week

VL10 (211.1)
VL30 (398.1)
VL50 (444.4)

1RM

Rodiles-Guerrero,
et al. [42]

VL0 (n = 12)
VL15 (n = 13)
VL25 (n = 13)
VL50 (n = 12)

Male 23.3 ± 3.3 At least
1.5 years 8 weeks

Event: bench presses
Intensity: 55–70% 1RM

Set: 3 sets
Recover time: 4 min

Frequency: twice a week

VL0 (48)
VL15 (189.4)
VL25 (310.2)
VL50 (490.9)

1RM

Pareja-Blanco,
et al. [43]

VL15 (n = 8)
VL30 (n = 8) Male 23.8 ± 3.4 Professional

soccer club 6 weeks

Event: squats
Intensity: 50–70% 1RM

Set: 2–3 sets
Recover time: 4 min

Frequency: three times a week

VL15 (251.2)
VL30 (414.6) 1RM

Pareja-Blanco,
et al. [44]

VL20 (n = 12)
VL40 (n = 10) Male 22.7 ± 1.9 At least

1.5 years 8 weeks

Event: squats
Intensity: 69–85% 1RM

Set: 3 sets
Recover time: 4 min

Frequency: twice a week

VL20 (185.9)
VL40 (310.5) 1RM

Pareja-Blanco,
et al. [18]

VL0 (n = 14)
VL10 (n = 14)
VL20 (n = 13)
VL40 (n = 14)

Male 24.1 ± 4.3 At least
1.5 years 8 weeks

Event: squats
Intensity: 70–85% 1RM

Set: 3 sets
Recover time: 4 min

Frequency: twice a week

VL0 (48.0)
VL10 (143.6)
VL20 (168.5)
VL40 (305.6)

1RM

Pareja-Blanco,
et al. [17]

VL0 (n = 15)
VL15 (n = 16)
VL25 (n = 15)
VL50 (n = 16)

Male 24.1 ± 4.3 At least
1.5 years 8 weeks

Event: bench presses
Intensity: 70–85% 1RM

Set: 3 sets
Recover time: 4 min

Frequency: twice a week

VL0 (48.0)
VL15 (136.6)
VL25 (191.1)
VL50 (316.4)

1RM

Note: VL, velocity loss; 1RM, one–repetition maximum; The same raining variables, if the main training variable
is the same within the study, including the relative intensity, number of sets, and recover time.

3.3. Risk of Bias

Seven studies were assessed as good and two as fair quality according to the PEDro scale
(Table 3). All studies were short in blinding, including subject, therapist, and assessor blinding.
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Table 3. The risk of bias assessment for the included studies.

Studies PEDro Item Assessment

1 2 3 4 5 6 7 8 9 10 11

Galiano, et al. [38] Yes 1 – 1 – – – 1 1 1 1 good
Rodríguez-Rosell, et al. [39] Yes 1 – 1 – – – 1 1 1 1 good
Rodríguez-Rosell, et al. [40] Yes 1 – 1 – – – 1 1 1 1 good
Rodiles-Guerrero, et al. [41] Yes 1 – – – – 1 1 1 1 fair
Rodiles-Guerrero, et al. [42] Yes 1 – 1 – – – 1 1 1 1 good

Pareja-Blanco, et al. [43] Yes 1 – 1 – – – 1 1 1 fair
Pareja-Blanco, et al. [44] Yes 1 – 1 – – – 1 1 1 1 good
Pareja-Blanco, et al. [18] Yes 1 – 1 – – – 1 1 1 1 good
Pareja-Blanco, et al. [17] Yes 1 – 1 – – – 1 1 1 1 good

Note: Item 1. Eligibility criteria were specified. 2. Subjects were randomly allocated to groups (in a crossover
study, subjects were randomly allocated an order in which treatments were received). 3. Allocation was concealed.
4. The groups were similar at baseline regarding the most important prognostic indicators. 5. There was blinding
of all subjects. 6. There was blinding of all therapists who administered the therapy. 7. There was blinding of
all assessors who measured at least one key outcome. 8. Measures of at least one key outcome were obtained
from more than 85% of the subjects initially allocated to groups. 9. All subjects for whom outcome measures
were available received the treatment or control condition as allocated, or where this was not the case, data
for at least one key outcome was analyzed by “intention to treat.” 10. The results of between–group statistical
comparisons were reported for at least one key outcome. 11. This study provides both point measures and
measures of variability for at least one key outcome.

3.4. Dose–Response Meta–Analysis
3.4.1. Maximum Strength Gain

Nine studies were included in the dose–response meta–analysis concerning the effect
of velocity loss on maximum strength development. Figure 2 and Table 4 demonstrate
a non–linear dose–response relationship (reverse U–shaped) between velocity loss and
1RM gain (pdose–response relationship < 0.05, pnon–linear relationship < 0.05). The 1RM gain increased
and then decreased with the velocity loss, and the greatest values were observed between
VL20% and 30%.

Healthcare 2022, 10, x FOR PEER REVIEW 6 of 12 
 

 

Seven studies were assessed as good and two as fair quality according to the PEDro 
scale (Table 3). All studies were short in blinding, including subject, therapist, and asses-
sor blinding. 

Table 3. The risk of bias assessment for the included studies. 

Studies PEDro Item Assessment  
1 2 3 4 5 6 7 8 9 10 11 

 

Galiano, et al. [38] Yes 1 – 1 – – – 1 1 1 1 good 
Rodríguez-Rosell, et al. [39] Yes 1 – 1 – – – 1 1 1 1 good 
Rodríguez-Rosell, et al. [40] Yes 1 – 1 – – – 1 1 1 1 good 
Rodiles-Guerrero, et al. [41] Yes 1 –  – – – 1 1 1 1 fair 
Rodiles-Guerrero, et al. [42] Yes 1 – 1 – – – 1 1 1 1 good 

Pareja-Blanco, et al. [43] Yes 1 – 1 – – –  1 1 1 fair 
Pareja-Blanco, et al. [44] Yes 1 – 1 – – – 1 1 1 1 good 
Pareja-Blanco, et al. [18] Yes 1 – 1 – – – 1 1 1 1 good 
Pareja-Blanco, et al. [17] Yes 1 – 1 – – – 1 1 1 1 good 

Note: Item 1. Eligibility criteria were specified. 2. Subjects were randomly allocated to groups (in a 
crossover study, subjects were randomly allocated an order in which treatments were received). 3. 
Allocation was concealed. 4. The groups were similar at baseline regarding the most important 
prognostic indicators. 5. There was blinding of all subjects. 6. There was blinding of all therapists 
who administered the therapy. 7. There was blinding of all assessors who measured at least one key 
outcome. 8. Measures of at least one key outcome were obtained from more than 85% of the subjects 
initially allocated to groups. 9. All subjects for whom outcome measures were available received the 
treatment or control condition as allocated, or where this was not the case, data for at least one key 
outcome was analyzed by “intention to treat.” 10. The results of between–group statistical compar-
isons were reported for at least one key outcome. 11. This study provides both point measures and 
measures of variability for at least one key outcome. 

3.4. Dose–Response Meta–Analysis  
3.4.1. Maximum Strength Gain 

Nine studies were included in the dose–response meta–analysis concerning the effect 
of velocity loss on maximum strength development. Figure 2 and Table 4 demonstrate a 
non–linear dose–response relationship (reverse U–shaped) between velocity loss and 
1RM gain (pdose–response relationship < 0.05, pnon–linear relationship < 0.05). The 1RM gain increased and then 
decreased with the velocity loss, and the greatest values were observed between VL20% 
and 30%. 

 
Figure 2. The dose–response curve of 1RM gain.

240



Healthcare 2023, 11, 337

Table 4. The dose–specific effects of velocity loss on maximum strength gain and the model fit.

Velocity ES 95%CI

VL0 7.82 3.84 to 11.80
VL5 9.34 5.88 to 12.79
VL10 10.86 7.68 to 14.03
VL15 12.30 9.12 to 15.49
VL20 13.32 10.00 to 16.64
VL25 13.59 10.28 to 16.89
VL30 13.21 10.12 to 16.30
VL40 11.38 8.95 to 13.82
VL45 10.33 8.07 to 12.58
VL50 9.27 7.02 to 11.53

Wald test
Dose–response relationship p < 0.05
Non–linear relationship p < 0.01

Note: ES, estimate; CI, confidence interval.

3.4.2. Maximum Strength Gain Per Repetition

Nine studies were included in the dose–response meta–analysis concerning the effect
of velocity loss on the efficiency of maximum strength development. Figure 3 and Table 5
demonstrate a linear dose–response relationship between velocity loss and 1RM gain per
repetition (pdose–response relationship < 0.05, pnon–linear relationship = 0.23). The efficiency consistently
decreased with velocity loss, and the highest efficiency was observed at VL0%.
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Table 5. The dose–specific effects of velocity loss on the maximum strength gain per repetition and
the model fit.

Velocity ES 95%CI

VL0 0.11 0.05 to 0.18
VL5 0.10 0.05 to 0.14
VL10 0.08 0.04 to 0.11
VL15 0.06 0.03 to 0.09
VL20 0.05 0.02 to 0.07
VL25 0.04 0.01 to 0.06
VL30 0.03 0.01 to 0.05
VL40 0.03 0.01 to 0.04
VL45 0.02 0.02 to 0.03
VL50 0.02 0.01 to 0.03

Wald test
Dose–response relationship p < 0.05
Non–linear relationship p = 0.23

Note: ES, estimate; CI, confidence interval.
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3.5. Publication Bias Assessment

The Egger’s test revealed a significant publication bias in the results of 1RM gain (p < 0.05)
and 1RM gain per repetition (p < 0.05), indicating a negative impact on our estimation.

4. Discussion

This study aimed to explore the effects of velocity loss of VBT on maximum strength
development and training efficiency. The results generally showed an optimal range of
velocity loss (20–30%) for maximum strength development. Moreover, we found that
training efficiency broadly decreased with velocity loss, which means that a lower velocity
loss may help to reduce the required training volume of RT sessions. These findings may
offer some indications for the users and developers of VBT.

4.1. The Relationship between Velocity Loss on Maximum Strength Development

The optimal velocity loss range for maximizing strength adaptations has been widely
discussed by strength and conditioning professionals [17,38,39,42]. For instance, a narrative
review by Włodarczyk, et al. [45] demonstrated that a velocity loss between 10% and
20% could be helpful for maximum strength development among elite athletes. How-
ever, this finding is not supported by quantitative methods and may not address the
existing controversies. A later study by Hernández-Belmonte and Pallarés [46] further
provided a meta–analysis and compared the effects of the low–moderate (VL ≤ 25%) and
the moderate–high velocity loss groups (VL > 25%) on maximum strength growth. Their
observed differences were not statistically significant, which indicates a similar role of
low–moderate and moderate–high velocity loss in strength development. However, the
pairwise comparison that roughly divided the velocity range into two categories could
not contribute to uncovering the relationship between velocity loss and training outcomes,
particularly given the fact that some emerging studies have used other velocity loss settings.
Our study, in comparison, included a wider velocity loss range and evaluated the dose–
response relationship. We observed a reverse U–shaped relationship between velocity loss
and 1RM gain. According to these results, the range between VL20% and VL30% might be
most helpful for maximum strength development.

In physiological theories, changes in any athletic performance can be explained by the
physiological adaptations induced by training stimulations [47,48]. Pareja-Blanco, et al. [44]
found that VBT with a high velocity loss increased the cross–sectional area of slow–twitch fibers,
suggesting a negative impact on maximum strength development. A recent review suggests
that the velocity loss of VBT is negatively associated with the IIX (MHC–IIX) percentage and
is positively associated with the myosin heavy chain I (MHC–I) percentage [9], which may
explain the selective hypertrophy of skeletal muscles in VBT. In other words, a high velocity
loss is beneficial for endurance–related performance instead of for maximum strength. These
theories appear to go against our findings. One potential reason is that a too–low velocity loss
may lead to an insufficient training volume. Specifically, our included studies controlled their
training sets, so their velocity loss might largely influence their repetitions and therefore the
training volume per session. For example, two included studies deployed six repetitions a
week (1 rep× 3 sets× 2 sessions) for their VL0% groups. This “tiny” training volume may lead
to insufficient stimulation for muscle fibers’ growth and maximum strength development [49].

4.2. The Relationship between Velocity Loss and the Efficiency of Maximum Strength Development

Previous experimental studies and reviews have suggested the high efficiency of low
velocity loss in promoting strength adaptions [17,18,46]. To our knowledge, no quantitative
evidence has been found in relevant studies. This research gap has motivated this dose–
response meta–analysis to examine the relationship between them. Our results revealed a
consistently negative association between velocity loss and the 1RM gain per repetition.
This finding indicates that a lower velocity loss may develop maximum strength with a
lower training volume, which supports the efficiency of low velocity loss methods, although
a low velocity loss is not the best option for maximizing strength adaption.
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As mentioned in the Introduction, maintaining maximum strength is important for
competitive athletes during a competitive season. Unfortunately, the truth is that the decline
in strength is a highly common phenomenon in competitive seasons, especially among
rugby [16], football [50], basketball [15], and baseball [51] players. A major reason for this
phenomenon is the reduction in RT sessions resulting from frequent competitions [16,52,53].
Based on our findings, we recommend using VBT with a low velocity loss as an RT
prescription during a competitive season because it may require a lower training volume
and may therefore save energy and time for other training arrangements.

4.3. Limitations

Several limitations should be noted. First, only male samples were involved in the
relevant interventions, so the findings of the current study may not be generalized to
females. Second, samples were insufficient for assessing some velocity loss settings. For
example, only one included study used VL5%, and no included study used VL35%. Thus,
re–examination is needed when more relevant studies emerge. Third, we could not perform
extra dose–response meta–analyses for squat or bench press due to insufficient samples.
Hence, lower– and upper–body differences are unclear. Fourth, the current study only
focused on maximum strength. Future research may check the effect of velocity loss
on other indices, such as the maximal number of repetitions (MNR), countermovement
jump (CMJ), and sprint time. Finally, and the most importantly, we only focused on the
relationship between velocity loss and the outcomes of interest, while the impacts of other
parameters (e.g., number of sets) were not controlled, and we could not reveal the potential
interaction of different training parameters. These are the inherent limitations of such a
research approach [54,55]. Thus, our findings must be applied to practice with caution.

5. Conclusions

In the current study, we examined the effects of velocity loss on maximum strength
development and relevant training efficiency. Our results revealed a reverse U–shaped
relationship between velocity loss and maximum strength gain, and the velocity loss range
between 20 and 30% might most effectively contribute to maximum strength development
among trained individuals. Meanwhile, a negative relationship was observed between
velocity loss and the efficiency of maximum strength development, implying a direction to
reduce total training volume and save energy for other training in some special scenarios.
These findings may offer quantitative evidence to reinforce some previous studies and
address some controversies, but they should also be carefully applied to practice given the
several mentioned limitations.
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Abstract: Meniscal allograft transplantation (MAT) is a treatment modality for restoring knee function
in patients with irreversible meniscal injury. Strengthening programs to promote functional recovery
are treated with caution during the intermediate rehabilitation phase following MAT. This study
analyzed the effects of aquatic training (AQT) and bicycling training (BCT) during the intermediate
stage of rehabilitation in amateur athletes that underwent MAT. Participants (n = 60) were divided
into AQT (n = 30) and BCT (n = 30) groups. Both groups performed training three times per week
from 6 to 24 weeks following surgery. International Knee Documentation Committee Subjective
Knee Evaluation Form (IKDC) score, knee joint range of motion (ROM), isokinetic knee strength,
and Y-balance test (YBT) performance were evaluated. All measured variables for the AQT and
BCT groups improved significantly after training compared with pre-training values. The IKDC
score and YBT were significantly higher for AQT than for BCT. The knee flexion ROM and isokinetic
muscle strength were significantly improved in the BCT group compared to those in the AQT group.
The AQT group exhibited greater improvement in dynamic balance, whereas BCT provided greater
improvement in isokinetic muscle strength. AQT and BCT were effective in reducing discomfort and
improving knee symptoms and functions during intermediate-stage rehabilitation following MAT in
amateur athletes.

Keywords: aquatic training; bicycling training; meniscal allograft transplantation; rehabilitation;
strength; dynamic balance; range of motion

1. Introduction

The meniscus is a fibrocartilaginous tissue that efficiently performs major knee func-
tions such as load distribution, shock absorption, joint lubrication, and stability [1]. Damage
or tears to the meniscus can cause articular cartilage degeneration and knee instability,
ultimately leading to the early progression of osteoarthritis [2]. Therefore, the younger
and more active the patient, the more appropriate is treatment aimed at preserving the
tissue after meniscal injury [3]. Generally, meniscus repair as a surgical option to mend
the damaged meniscus is preferred over meniscectomy to remove the meniscus [4]. How-
ever, suturing of the damaged meniscus is not possible in all situations. Depending on
the type, extent, and location of the damage, repair of the horn is occasionally possible;
in this case, meniscectomy is inevitable [5]. However, while removal of the meniscus
improves pain and function in the short term, it may alter normal knee mechanics over
the long term, thereby unbalancing the load on the tibiofemoral joint and increasing the
risk of premature osteoarthritis [6]. Therefore, in young, active patients, meniscal allograft
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transplantation (MAT) may be an effective option for improving knee pain and function,
improving biomechanics, and delaying osteoarthritis progression [7].

Regarding the rehabilitation protocol after MAT, previous studies have recommended per-
forming range-of-motion (ROM) exercises as early as possible immediately after surgery [8,9].
However, considering the need for revascularization, fixation, and healing of the transplanted
meniscus during the early post-surgical stage, partial weight-bearing is recommended rather
than full weight-bearing for 4 to 6 weeks [10–12]. To minimize the posterior shear and ro-
tational stress on the transplanted meniscus, full weight-bearing exercise is possible from
6 weeks after surgery, and it is stressed that patients should proceed slowly [8,13]. The closed
kinetic chain movement that places a load on the meniscus is initially restricted; however,
patients are allowed to perform light walking at 6 weeks and light running at 12 weeks after
surgery [10,14].

Bicycling training (BCT) is recognized as a relatively safe load exercise during the
early stages of rehabilitation for patients who underwent MAT and is commonly used to
improve ROM and muscle function [14]. However, BCT does not reflect actual functional
movements compared to dynamic running-based sports, and stimulation of the muscles is
relatively limited [15]. Moreover, BCT is a beneficial aerobic exercise that can be performed
during the early stage, but it requires more effort and time to reach the target exercise
intensity because the load and fatigue are concentrated on the lower body [16]. Several
previous studies have emphasized the importance of BCT in parallel with muscle strength
and proprioception training for symptom improvement and functional recovery in the
early rehabilitation stage following MAT [9,17].

Meanwhile, aquatic training (AQT) minimizes pain without interfering with the heal-
ing and fixation of the transplanted meniscus; AQT enables sport-specific movements,
improves knee function by stimulating various muscles, and can be an effective interven-
tion [18]. Furthermore, AQT can elicit an aerobic cardiorespiratory response similar to
BCT with relatively little effort because hydrostatic pressure, the pressure exerted by water,
provides load and fatigue stimuli to the entire body [19]. However, despite the positive
effects of AQT, studies comparing AQT to BCT during the intermediate postoperative stage
are rare.

Therefore, in this study, the subjective knee score, knee ROM, isokinetic knee strength,
and dynamic balance were compared and analyzed between the AQT group conducted in
water and the BCT group conducted on land during the intermediate rehabilitation stage
in amateur athletes who underwent MAT. Through this study, the effectiveness of the two
training methods was tested, and a better rehabilitation training method was discovered.
Finally, the study was intended to contribute to the production of a safe and effective
rehabilitation training program.

2. Materials and Methods
2.1. Experimental Design

This study complied with the Declaration of Helsinki and was approved by the
Gangneung-Wonju National University Institutional Review Board (approval number:
GWNU IRB 2021-13; approval date: 25 February 2021). Male and female amateur athletes
who underwent MAT were recruited through a hospital bulletin board. Participation
was voluntary, and only patients confirmed by a surgical specialist as capable of safely
proceeding with the rehabilitation program were included. Recruited patients were divided
into AQT and BCT groups, and the training intervention was performed. AQT or BCT was
assigned through consultation and reflected the preferences of the participants. Subjective
evaluations and ROM tests were performed at 6, 12, and 24 weeks after surgery. Due to
safety considerations regarding the surgical site, muscle strength and dynamic balance
were not tested at 6 weeks and were only measured at 12 and 24 weeks.
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2.2. Participants

Sample sizes were calculated using G*power software (G*power 3.1, University of
Düsseldorf, Düsseldorf, Germany). The main analysis method in our study was non-
parametric comparison between the two groups. The setting conditions are as follows:
Mann–Whitney test (two groups); effect size d = 0.5, α error probability = 0.05, and power
(1-β error probability) = 0.80. The suggested sample size is 106 people.

Initially, 111 amateur athletes (88 male and 23 female, age 25–35 years) who underwent
MAT were recruited. We use only male data for analysis; females are excluded. Five athletes
dropped out during the study period, and the 18 women who completed training were far
too few compared to men. Therefore, the female athletes were trained but were excluded
from the analysis. The final analysis included 60 male athletes (AQT, n = 30; BCT, n = 30).
The exclusion criteria were as follows: other lesions of the knee confirmed by radiological
examination (n = 7), accompanying injuries such as anterior cruciate ligament rupture
(n = 7), past knee injuries or surgery history (n = 6), dropouts, and patients who did not
attend the final visit (n = 8). Athletes participated in soccer (n = 17), badminton (n = 7),
tennis (n = 2), basketball (n = 6), martial arts (n = 5), baseball (n = 10), handball (n = 2),
volleyball (n = 1), taekwondo (n = 4), wrestling (n = 1), judo (n = 2), and other sports (n = 3).

2.3. Subjective Knee Score

Knee scores related to patients’ subjective symptoms and function were measured
using the International Knee Documentation Committee Subjective Knee Evaluation Form
(IKDC) [20]. The IKDC consists of 18 items related to sports participation, including
symptoms, functions, and activities of daily living affected by knee injury or surgery.
Questions related to knee symptoms evaluated pain, stiffness, swelling, locking/catching,
and giving way. Questions related to knee function and sports participation rated the
level of sporting activity, ascending and descending stairs, kneeling, squatting, flexing the
knee, sitting, running, jumping, starting and stopping quickly, and subjective current knee
function. A score was assigned to each question according to its importance, and after
summing the scores for all questions, that sum was converted according to the calculation
formula to obtain a total score. The highest possible total score is 100. A total score of
100 indicates that there are no knee symptoms or functional limitations and no limitations
in sports or activities of daily living. The total score conversion method for all questions is
as follows:

Total score = (sum of items/maximum possible score) × 100 (1)

2.4. Range of Motion

The ROM was measured using a manual goniometer. Each measurement was per-
formed twice, and the average value of the measured ROM was used for analysis. The axis
of joint movement was aligned with the lateral epicondyle of the femur. The stationary arm
of the goniometer was aligned with the femur using the greater trochanter as a reference;
the movement arm was aligned with the fibula using the lateral malleolus [21].

The knee flexion ROM was measured with the participant in the prone position. The
torso was fixed, and the patient was instructed to bend the knee to the maximum, taking
care not to cause any movement of the spine and pelvis. ROM recorded the endpoint as the
maximum flexion angle. The knee extension ROM was measured with the participant in
the supine position. A support was placed under the thigh such that the knee was fully
extended without the patella touching the ground, and the foot was placed beyond the
edge of the examination table. The endpoint of the ROM, at which the patient can extend
the knee maximally, was recorded as the maximum extension angle.

2.5. Isokinetic Knee Strength

For the isokinetic knee strength test, the strengths of the extensor and flexor muscles
of the knee joint were measured using an isokinetic dynamometer (Humac Norm; CSMi,
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Stoughton, MA, USA). The isokinetic dynamometer measures the maximum resistance
of the patient through muscle contraction against a mechanically controlled constant
velocity [22]. The tests were performed at angular velocities of 60◦/s and 180◦/s. To
maintain a consistent examination posture, the participants sat in the examination chair
and aligned the axis of the dynamometer with the anatomical axis of the knee and the
lateral epicondyle of the femur. In addition, to minimize compensatory movements, straps
were fixed around the thighs, pelvis, and torso. Measurements were performed as uniaxial
contractions for the continuous extension and flexion of the knee. To help the participants
understand, the test method was adequately explained, and several prior exercises were
conducted. The joint ROM for flexion and extension of the knee for the examination was
set from 0◦ to 90◦, and the maximum knee extension was set to 0◦. The participant was
prepared while waiting for the examiner’s signal with the knee flexed at 90◦.

Upon the examiner’s start signal, extension was first measured with maximum muscle
contraction, and flexion was subsequently measured with maximum muscle contraction
using the following protocol: The patient repeated measurements four times at an angular
velocity of 60◦/s and four times at an angular velocity of 180◦/s. For muscle strength,
peak torque (Nm) was measured. The average muscle power (W) was also measured. The
absolute values of the measured muscle strength and power were divided by the patient’s
body weight to obtain relative values, thereby removing differences based on body weight.
Finally, to compare the muscle strength ratio of the involved and uninvolved knees between
groups, the limb symmetry index (LSI) was calculated using the following formula:

LSI = (Involved limb/Uninvolved limb) × 100 (2)

2.6. Y-Balance Test

Dynamic balance ability was measured using the Y-balance test (YBT) equipment (Y
Balance Test™, Cerder Park, TX, USA) [23]. The examiner demonstrated the examination
posture and sequence of movements and allowed participants adequate practice. The
participants stood on one leg with the foot on the central stance plate for the examination.
Then, while maintaining balance in a single-leg stance, a series of motions were performed
to extend the opposite leg and push the reach indicator as far as possible with the tip of the
toe in the anterior (ANT), posteromedial (PM), and posterolateral (PL) directions. Failure
was considered to have occurred if the foot of the reaching limb touched the ground or
when balance of the stance limb was lost. The test was conducted measuring the healthy
leg first and then the operated leg. After measuring each of the three directions twice, the
higher score was used in the analysis. The results were recorded in centimeters, and leg
length was used to calculate the final score. Leg length was measured using a tape measure
to determine the distance between the anterior superior iliac spine of the pelvis and the
medial malleolus of the distal tibia. The total score for the three directions was calculated,
and the LSI was compared between the groups in the same manner as muscle strength.

YBT total score = (sum of the three reach directions/3 × limb length) × 100 (3)

2.7. Training Program

The rehabilitation program was conducted as shown in Table 1. Early-stage training
was performed identically without any difference between the AQT and BCT groups. Ac-
cording to MAT rehabilitation guidelines, ROM and partial weight-bearing exercises were
performed in the initial stage [9,24]. All participants wore a brace that kept the knee fully
extended for 6 weeks after surgery, and ambulation using crutches was performed with
partial weight-bearing. Passive ROM exercises to restore knee motion were started imme-
diately after surgery. The goal was to restore the knee ROM to 0–90◦ for the first 2 weeks,
followed by 120◦ for 4 weeks and 135◦ for 6 weeks. Immediately after surgery, isometric
quadriceps contraction, straight leg raise, and active knee extension were performed to
strengthen the quadriceps muscles in an open kinetic chain. In the closed kinetic chain, the
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participant wore a brace and performed weight shifts and calf raises with the knee fully
extended. Three weeks after surgery, wall squats with a limited ROM of 60◦ were allowed.

Table 1. Rehabilitation protocol.

1–2 Weeks 3–4 Weeks 5–6 Weeks 7–8 Weeks 9–12 Weeks 3–6 Months

Brace O O O

Crutch O O O

Weight-bearing
1/4 of body weight O
2/4 of body weight O
3/4 of body weight O

Full O O O

Range of motion
0–90◦ O

0–120◦ O
0–135◦ O

Stretching
Hamstring, Quadriceps,

GCM, ITB O O O O O O

Strengthening
Quadriceps sets, Straight

leg raise O O O

Active knee extension O O O
Active knee flexion O O

Heel raises O O O
Wall squat O

Squat, Lunge, Step-ups O O O
Leg press machine O O O

Leg extension machine O O O
Leg curl machine O

Proprioception training
Weight shift O

Tandem stance O
Single leg balance O

Single leg balance with leg
swing O O O

Single leg squat O O O

Running, Jump-landing O
GCM, gastrocnemius; ITB, iliotibial band.

Complete weight-bearing accompanied by knee flexion greater than 90◦ without the
use of crutches and braces was allowed from 6 weeks after surgery. After 6 weeks, closed
kinetic chain exercises, such as squats, lunges, and step-ups, were initiated under full
weight-bearing without an orthosis, and single-leg balance was included to improve the
muscular and nervous systems. At this stage, knee extension was allowed to increase the
load by adding resistance, but knee flexion allowed only active motion without resistance
for 12 weeks. Light running and jump-landing training were initiated 12 weeks after
surgery. Light sports activities were allowed after six months, and vigorous contact sports
were permitted after nine months.

2.7.1. Intervention Program: Aquatic Training

The AQT program was conducted 3 times per week by applying the continuous water
aerobic routine (CWAR) described in the study by Kruel et al. [25]. The CWAR comprised
eight routines, in which four water aerobic exercises (stationary running, cross-country
skiing, jumping jacks, and frontal kicks) were each repeated twice. Each routine was
performed continuously for 4 min without an interval. Therefore, the total training time
was 32 min. All lower body movements were performed simultaneously with bilateral
arm push–pulls for whole-body exercise. The training intensity of the AQT program was
controlled using Borg’s rating of perceived exertion (RPE) scale and an electronic heart-
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rate-monitoring device (Polar H10, Polar Electro, Bethpage, NY, USA). Verbal scales were
used to express the effort level on a scale of 13 to 15 [26].

The examiner trained participants on the standard guidelines of the RPE scale to aid
participants in verbally expressing their perceived level of effort as accurately as possible.
In addition, adequate practice was performed before the actual training to familiarize
participants with the feelings corresponding to minimum and maximum effort. Participants
performed the routines as directed by the instructor at intensity levels corresponding to
‘somewhat hard, 13’ to ‘hard, 15’. The suggested heart rate exercise intensity was 60–75% of
the maximum heart rate.

2.7.2. Intervention Program: Bicycling Training

The BCT program was conducted 3 times per week, similar to the AQT, following
the training intensity and duration of the continuous bicycling program proposed in a
previous study [27]. A stationary friction-loaded cycle ergometer (Monark Model 864,
Monark Crescent AB, Varberg, Sweden) was used for training. The saddle height of the
stationary bicycle ergometer was individually adjusted based on the participant’s body
structure such that one leg was extended to a maximum of ~ 25◦ when the participant was
sitting on the saddle [28] The BCT group performed continuous cycling for 32 min at an
intensity of 60–75% of maximum heart rate while trying to maintain a pedaling speed of
60 RPM. To control the exercise intensity of the participants during training, the heart rate
change was monitored in real time using an electronic heart-rate-monitoring device (Polar
H10, Polar Electro, Bethpage, NY, USA), as was done in the AQT group.

2.8. Statistical Analysis

Data analysis was performed using SPSS Statistics (version 25.0; IBM Corp., Armonk,
NY, USA). The normality test of the main variables was performed using Kolmogorov–
Smirnov and Shapiro–Wilk tests. Since the variables did not exhibit a normal distribution,
we performed a non-parametric analysis. Continuous variables are expressed as means
and standard deviations, and non-continuous variables are expressed as numbers and per-
centages of patients. The Kruskal–Wallis test and the post hoc Bonferroni test were used for
within-group tests of IKDC and ROM, which were tested three times. The Wilcoxon signed-
rank test was used for comparison pre- and post-training within groups of twice-tested
strength and YBT. Additionally, the Mann–Whitney U test was performed for between-
group comparisons. The significance level was set at p < 0.05.

3. Results
3.1. General Characteristics of Participants

The participants were classified according to the intervention group, and their general
characteristics are summarized in Table 2. When the AQT and BCT groups were compared,
there were no statistically significant differences between the groups regarding age, height,
weight, body mass index, injury site, or dominant side.

3.2. Subjective Knee Score

Table 3 shows the differences in IKDC scores analyzed by group and measurement
week to evaluate the subjective knee score after MAT. Both the AQT and BCT groups
exhibited significantly improved IKDC scores over time following surgery (p < 0.001 and
p < 0.001, respectively). There was no significant difference at 6 and 24 weeks in the
comparison between groups for each week, but at 12 weeks, the AQT group achieved
significantly higher IKDC scores than the BCT group (p = 0.033).
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Table 2. General characteristics of participants.

Variables AQT (n = 30) BCT (n = 30) t or χ2 p-Value

Age, years 28.7 ± 3.8 29.1 ± 4.0 −1.391 0.412
Height, cm 173.8 ± 2.9 174.1 ± 3.7 0.279 0.774
Weight, kg 68.7 ± 4.6 69.3 ± 5.8 0.573 0.615

BMI, kg/m2 22.7 ± 1.5 22.9 ± 1.7 0.384 0.631
Involved side, n (%)

Right 17 (56.7%) 16 (53.3%)
0.384 0.551Left 13 (43.3%) 14 (46.7%)

Dominant side, n
(%)

Right 25 (83.3%) 23 (76.7%)
0.207 0.415Left 5 (16.7%) 7 (23.3%)

Involved meniscus
site, n (%)

Medial 9 (30.0%) 11 (36.7%)
0.211 0.258Lateral 21 (70.0%) 19 (63.3%)

AQT, aquatic training; BCT, bicycling training; BMI, body mass index.

Table 3. Subjective knee score according to group and weeks.

Variables Weeks AQT (n = 30) BCT (n = 30) t E.S p-Value

IKDC score

6 65.5 ± 15.1 63.4 ± 14.4 2.631 0.142 0.512
12 82.4 ± 17.9 a 72.8 ± 15.7 a 1.346 0.570 0.033
24 93.1 ± 11.3 b,c 95.4 ± 13.2 b,c −0.831 0.187 0.794
p <0.001 * <0.001 *

* p < 0.05; IKDC, International Knee Documentation Committee; a: 6 weeks vs. 12 weeks; b: 12 weeks vs. 24 weeks;
c: 6 weeks vs. 24 weeks.

3.3. Knee Range of Motion

Table 4 shows the changes according to group and weeks post-surgery of knee ROM
after MAT. Both the AQT and BCT groups showed significant improvement in flexion
(p = 0.010 and p = 0.009, respectively) and extension ROM over time following surgery
(p = 0.012 and p = 0.005, respectively). In the between-group comparison for each week,
there was no significant difference in flexion ROM at 6 and 24 weeks, but at 12 weeks, the
BCT group showed significantly greater ROM than the AQT group (p = 0.015). There was
no significant between-group difference regarding extension at any number of weeks.

Table 4. Knee range of motion according to group and weeks.

Variables Weeks AQT (n = 30) BCT (n = 30) t E.S p-Value

Flexion (degree)

6 115.2 ± 8.1 113.3 ± 7.6 −3.379 0.241 0.651
12 120.6 ± 5.4 a 132.0 ± 6.5 a −1.080 1.907 0.015
24 135.0 ± 3.9 c 134.9 ± 3.5 c 0.191 0.026 0.485
* p 0.010 0.009

Extension
(degree)

6 10.4 ± 3.5 9.3 ± 3.1 −0.824 0.332 0.684
12 2.1 ± 0.9 a 1.1 ± 0.9 a −986 1.111 0.123
24 −1.6 ± 0.7 c −2.0 ± 0.8 c −4.541 0.532 0.115
* p 0.012 0.005

* p < 0.05; AQT, aquatic training; BCT, bicycling training; E.S, effect size; a: 6 weeks vs. 12 weeks; c: 6 weeks vs.
24 weeks.

3.4. Isokinetic Knee Strength

Table 5 shows isokinetic knee strength according to group and weeks after MAT. At
an angular velocity of 60◦/s, muscle strength improved at 24 weeks compared to measured
values at 12 weeks in both the AQT and BCT groups. Similarly, at an angular velocity of
180◦/s, extension and flexion of the knee in the AQT and BCT groups improved at 24 weeks
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compared to the 12-week values. The BCT group exhibited significantly higher LSI than
the AQT group in both extension and flexion strengths at week 12 at an angular velocity of
60◦/s. However, at an angular velocity of 180◦/s, there was no significant difference in LSI
between the groups in either extension or flexion.

Table 5. Isokinetic knee strength according to group and weeks.

Variables Weeks
AQT (n = 30)

LSI (%)
BCT (n = 30)

LSI (%)
Inter–Group

LSI
p-Value

Uninvolved Involved Uninvolved Involved

60◦/s
extension

12 243.3 ± 45.7 105.3 ± 45.3 43.2 * 239.1 ± 38.0 127.1 ± 45.6 52.3 * 0.003
24 258.4 ± 56.5 237.2 ± 49.2 91.9 260.3 ± 48.1 245.3 ± 51.9 94.2 0.350
p 0.025 <0.001 0.021 <0.001

60◦/s
flexion

12 136.2 ± 21.9 100.1 ± 24.7 73.5 * 130.0 ± 28.3 112.4 ± 30.8 86.2 * 0.005
24 149.0 ± 22.1 136.3 ± 24.0 91.3 151.9 ± 20.8 140.4 ± 25.1 92.7 0.102
p 0.014 <0.001 0.017 <0.001

180◦/s
extension

12 145.3 ± 31.0 102.7 ± 39.7 70.3 * 142.6 ± 32.4 109.0 ± 35.1 76.8 * 0.213
24 150.4 ± 29.7 142.4 ± 31.6 94.7 154.7 ± 30.6 145.9 ± 34.0 94.2 0.109
p 0.210 <0.001 0.330 <0.001

180◦/s
flexion

12 97.9 ± 19.9 90.4 ± 15.3 92.8 100.6 ± 11.4 98.5 ± 15.7 98.0 0.067
24 110.1 ± 12.1 103.0 ± 10.8 93.6 115.8 ± 12.5 108.4 ± 16.4 93.9 0.153
P 0.140 <0.001 0.417 <0.001

* p < 0.05; AQT, aquatic training; BCT, bicycling training; LSI, limb symmetry index.

3.5. Y-Balance Test

Table 6 shows the changes in YBT after MAT. In the involved knee of the AQT and
BCT groups, the YBT direction and total score were significantly improved at 24 weeks
compared to the corresponding values at 12 weeks. In the intergroup comparison of LSI, the
AQT group had significantly higher scores than the BCT group at 12 weeks in all directions,
as well as higher total scores. However, there were no significant differences between the
groups at 24 weeks.

Table 6. Y-balance test according to group and weeks.

Variables Weeks
AQT (n = 30)

LSI (%)
BCT (n = 30)

LSI (%)
Inter–Group

LSI
p-Value

Uninvolved Involved Uninvolved Involved

ANT
12 62.8 ± 9.8 48.3 ± 12.3 77.4 * 61.5 ± 9.9 38.4 ± 11.0 62.3 * 0.007
24 65.5 ± 9.3 60.5 ± 13.4 92.3 63.4 ± 11.3 59.7 ± 12.9 93.7 0.651
p 0.121 <0.001 0.231 <0.001

PM
12 80.3 ± 12.5 60.4 ± 16.3 75.0 * 74.3 ± 13.8 49.3 ± 13.6 66.2 * 0.003
24 81.6 ± 11.8 79.6 ± 15.3 97.5 80.3 ± 12.3 72.0 ± 14.1 90.0 0.591
p 0.110 <0.001 0.210 <0.001

PL
12 78.9 ± 13.8 63.6 ± 11.4 80.8 * 75.1 ± 12.9 51.3 ± 12.9 68.0 * 0.002
24 82.3 ± 12.4 78.6 ± 14.3 95.1 81.4 ± 13.0 76.1 ± 13.4 93.8 0.794
p 0.257 <0.001 0.098 <0.001

Total
12 86.5 ± 11.2 67.6 ± 12.1 77.7 * 82.3 ± 11.6 54.0 ± 12.3 65.7 * 0.005
24 89.9 ± 10.3 85.1 ± 11.6 95.2 87.9 ± 11.9 81.7 ± 13.1 92.7 0.510
p 0.150 <0.001 0.254 <0.001

* p < 0.05, AQT: aquatic training, BCT: bicycling training, LSI: limb symmetry index, ANT: anterior, PM: postero-
medial, PL: posterolateral.
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4. Discussion

AQT and BCT are partially weight-bearing and non-weight-bearing, respectively,
thereby reducing the weight on the knee. AQT is often used in rehabilitation because of
the hydrodynamic properties of water, including buoyancy and water pressure [29]. In
addition, the stationary bicycling ergometer is unlikely to pose a risk to the recovering
tissue, as it biomechanically provides controlled movement during flexion and extension [9].
In this study, a modified weight-bearing environment was provided, and the effects were
compared during intermediate-stage rehabilitation of patients who had undergone MAT.

The subjective knee score evaluated by the IKDC improved significantly after training
in both the AQT and BCT groups. The AQT group exhibited significantly greater improve-
ment than the BCT group at week 12, which translates to relatively rapid recovery in the
AQT group. In a similar study, the effect of early improvement was analyzed using minimal
clinically important differences (MICDs). In the study by Liu et al. [30], the MICD of the
IKDC score that can be applied to evaluate the outcome of patients who received MAT was
proposed as 9.9. Compared to 6 weeks after surgery, at 12 weeks, the IKCD score of the
AQT group increased by 16.9 points to achieve a significant MICD, whereas the BCT group
showed an increase of 9.4, which was slightly insufficient for achieving an MICD.

The greater improvement exhibited by the AQT group at 12 weeks means that knee
symptoms such as pain, stiffness, and swelling were significantly ameliorated by AQT
compared to the results obtained by BCT. Water provides resistance such as turbulence
and hydrostatic pressure while simultaneously reducing weight-bearing due to buoyancy,
which may have had a combined effect [29]. In a study investigating the characteristics of
water, AQT was reported to reduce pain and swelling, and promote recovery from fatigue
by increasing blood circulation [31]. Therefore, the physical properties of AQT may have
aided recovery after surgery, leading to physiological changes and subjective improvement
of the knee condition.

Patients who have undergone MAT should be careful not to generate posterior shear
and rotational forces for stable fixation and healing of implants during the early stage of
rehabilitation. Therefore, the range of knee flexion is limited along with weight-bearing,
and absolute immobilization is performed for at least three weeks [14]. After absolute
immobilization, it is important to restore the ROM [32]. In a non-weight-bearing state,
passive ROM has limitations in promoting active muscle contraction and mechanoreceptor
activation; therefore, it is difficult to restore the functional movement patterns required in
sports [33].

The results of this study showed that both the AQT and BCT groups displayed
significantly improved knee flexion and extension ROM at 12 and 24 weeks, and the BCT
group showed significantly greater knee flexion ROM than the AQT group at 12 weeks.
This could be because the AQT program comprises various movements of the extremities,
whereas the BCT program entails continuous pedaling involving repeated knee flexion
and extension [34]. Training performed in the AQT environment is known to provide
an advantage in ROM recovery, as there is less stress on the joints, owing to buoyancy
resulting from the hydrodynamic properties of the aquatic medium [19].

Recovery of weakened knee muscle strength after MAT is an important factor in
determining the success of postoperative outcomes and returning to sports [9]. In a study
examining the long-term outcomes of patients who received MAT, decreased levels of func-
tion and activity were associated with decreased maximal quadriceps muscle strength [35].
In this study, the defect rate was evaluated using the LSI value, which is a reference value
used to assess the involved side compared to the uninvolved side. In this study, both
the AQT and BCT groups showed significantly improved muscle strength and achieved
more than 90% on the LSI at 24 weeks. These results suggest that the inclusion of AQT
and BCT in the rehabilitation process is an effective intervention for improving muscle
function in patients with MAT. However, in the weekly comparison, the BCT group showed
a significantly higher LSI than the AQT group at 12 weeks at an angular velocity of 60◦/s.
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These results suggest that the intervention effect was faster for BCT than that for AQT
because BCT was concentrated on the lower extremities.

The meniscus generates sensorimotor information necessary to control the stabiliz-
ing muscles surrounding the knee, as well as mechanical stability in the knee joint [36].
Free nerve endings (nociceptors) and three types of mechanoreceptors (Ruffini endings,
Pacinian corpuscles, and Golgi tendon organs) exist in the anterior and posterior horns of
the meniscus and the peripheral two-thirds of the body and are responsible for propriocep-
tion in the knee joint [37]. Proprioceptors transmit signals to the central nervous system
(CNS) resulting from physical stimuli, such as tension or compression forces applied to the
knee joint, thereby helping to regulate reflex responses and muscle coordination related
to postural stability [38]. Thijs et al. [37] observed that patients with meniscal removal
had significant deficits in proprioception of the knee joint and reported that MAT may
contribute to restoring the reactivity of damaged knee proprioceptors. However, restora-
tion of proprioceptive function alone cannot achieve complete improvement in postural
stability, which can be further facilitated by training interventions performed during the
rehabilitation stage [37]. In this study, the effects of AQT and BCT on the improvement
of postural stability after MAT were evaluated using the YBT. The YBT is currently the
most commonly used measurement tool for assessing the dynamic balance of the lower
extremities [23]. Dynamic balance refers to the ability to maintain postural stability while
moving the body or changing the position of a limb and is an important component of most
daily life and sports activities [39]. AQT and BCT significantly improved the YTB results
in this study. At 12 weeks, the AQT group showed significantly higher dynamic balance
ability than the BCT group. Training in an AQT environment may induce instability that
alters information in the somatosensory system under the influence of water turbulence,
an intrinsic property of the environment [29]. In this study, unlike the BCT group, the
AQT group was continuously affected by aquatic perturbation caused by water turbulence
throughout the training session. This perturbation is believed to provide an additional
balance stimulus for participants, such as further activation of the neuromuscular muscles
of the ankle and knee joints, to restore balance. As a result, it is believed that the dynamic
characteristics of AQT may have improved results earlier compared to the BCT group.

Based on the results of this study, realistic suggestions can be made for athletes who
underwent MAT. If an underwater facility is available, we recommend a combination of
AQT and BCT after MAT. In addition, if BCT is mainly performed without AQT, more
careful observation is required to ensure that the recovery of dynamic balance is not
delayed.

Based on the results of this study, it is recommended to use both AQT and BCT for
athletes who have undergone MAT, but because this study was conducted without a control
group, more research is needed to provide scientific evidence. This study had additional
limitations. A control group was not established due to ethical considerations. Muscle
strength, balance, and subjective satisfaction are possible parts of recovery over time after
MAT. However, limiting rehabilitation training for research purposes to people visiting
rehabilitation centers can be an ethical issue. In addition, assignment of AQT and BCT
was not random because the training method chosen was based on the preference of the
athlete. In particular, the AQT reflected individual preferences because it required the
use of swimsuits. This study was conducted at a single rehabilitation center, there were
relatively few participants, and the participants specialized in various sports; therefore,
the influence of variable characteristics cannot be excluded. Analyzing only male data
is one of the major limitations. In the future, it will be necessary to conduct a study by
recruiting more female participants who underwent MAT. Although YBT was used for
dynamic balance in this study, experiments with neuromuscular control through one-leg
stabilometric measurement should be performed in future studies.
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5. Conclusions

AQT and BCT after MAT improved subjective knee score, knee joint range of motion,
isokinetic knee strength, and YBT at 24 weeks compared to pre-training values. Interim
measurements performed 12 weeks after the intervention revealed that subjective knee
score and YBT were higher in the AQT group, and flexion ROM and isokinetic knee strength
were higher in the BCT group. Therefore, AQT and BCT with reduced weight-bearing
could be effective training interventions to overcome challenges and improve symptoms
and functions during the intermediate rehabilitation stage of MAT.
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Abstract: The main objective of this study is to extend the stress and injury model of Andersen and
Williams to other “negative” psychological variables, such as anxiety and depression, encompassed in
the conceptual model of Olmedilla and García-Mas. The relationship is studied of this psychological
macro-variable with two other variables related to sports injuries: the search for social support
and the search for connections between risk and the environment of athletes. A combination of
classic methods and probabilistic approaches through Bayesian networks is used. The study samples
comprised 455 traditional and indoor football players (323 male and 132 female) of an average age of
21.66 years (±4.46). An ad hoc questionnaire was used for the corresponding sociodemographic data
and data relating to injuries. The variables measured were the emotional states of: stress, depression
and anxiety, the attitude towards risk-taking in different areas, and the evaluation of the perception
of social support. The results indicate that the probabilistic analysis conducted gives a boost to the
classic model focused on stress, as well as the conceptual planning derived from the Global Model of
Sports Injuries (GMSI), supporting the possibility of extending the stress model to other variables,
such as anxiety and depression (“negative” triad).

Keywords: sports injuries; psychological factors; football; Bayesian network

1. Introduction

Sports injuries have been the focus of many studies in different scientific disciplines,
showing that they relate to a complex and multicausal phenomena [1–5]. In addition,
their incidence has an important impact both on sports competitions and on the primary
health care system, as well as on the athletes themselves. Epidemiological data show high
levels of probability of suffering sports injuries, and on many occasions the clinics of sports
federations cannot attend all injuries, referring them to the general health system, especially
in competitions of young people in training stages [6–9]. On the other hand, the impact
on the injured athlete often compromises his or her emotional and psychological state, in
addition to other problems of a sporting, social, and even economic nature [10,11].

In fact, there are several factors related with the injuries’ occurrence, such as biomedi-
cal, dispositional, nutritional, or postural ones [12], related to the field or pitch conditions,
or with some psychosocial factors other than the practitioners themselves [13]. Another
one of the aspects demonstrated in research conducted over recent decades is the role of
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psychological factors in the risk of athlete injuries [14–18]. The stress and injury model of
Andersen and Williams [19,20] shows that stress is a key factor in the origin of injuries.
Amid potentially stressful situations in the sporting field, athletes may have a stress re-
sponse that increases muscle tension, which, in turn, hinders motor coordination and
reduces flexibility. Furthermore, the stress response already mentioned also reduces the
visual range of athletes, causing a significant loss of peripheral information and increas-
ing distraction levels. The model also assumes that the response to stress is moderated
by three main factors: the personality of the athlete, history of stressors, and coping re-
sources. These psychosocial variables may alleviate or aggravate the stress response and
may eventually affect the vulnerability of athletes to injury [3,21–25]. Although stress is
the cornerstone of the model, other psychological and psychosocial variables also play a
significant role (different aspects of personality, history of stressors—including the history
of injuries—coping resources), as indicated in the Stress and Injury Model of Andersen and
Williams [19]. Specifically, one of the aspects most emphasised is anxiety as a personal trait,
which may determine the stress response of athletes [20], including recent expansions of
the model, such as the ones linking the stress features with the Self Determination theory
(frustration) [26].

Different studies have shown that high anxiety trait levels are linked to the vulnera-
bility of athletes to injury [19,27–29]. In the review of Cagle et al. [30], it was found that
four out of the six papers analysed identified anxiety as an injury predictor, while the other
two did not. In any case, they ratified prior research conclusions [31] indicating that other
psychosocial characteristics, including coping resources, worry, irritability, and stress, often
seem to combine with anxiety in the prediction of sports injuries.

Furthermore, in addition to the history of stressors of athletes, the coping resources
available may reduce the stress-injury link. One of these resources is the social support
perceived. The scientific literature points to non-conclusive results when this variable
has been studied [17,32–35]. The inconsistency of these results is probably due to the fact
that the mediator role of social support is more complicated and unstable than initially
thought [34].

In any case, it seems that a positive psychological disposition, which facilitates good
management of competitive stress, may act to curb the risk of injury of athletes. Conversely,
a negative psychological disposition may favour and increase vulnerability to injuries.
Therefore, the Global Psychological Model of Sports Injuries (GPMSIs, or MGPsLD in
Spanish) of Olmedilla and García-Mas [36] proposes theoretically delving deeper into the
study of the specific psychological variables of greatest significance in the literature, those
considered as such in the model of Andersen and Williams [19,20] and those present in
the Conceptual Axis of the GPMSIs: psychosocial stress, coping resources (social support),
and risk-related behaviour. Furthermore, other negative psychological variables, such as
depression, have been studied in research on injury rehabilitation resulting from serious
injuries [37–39]. However, there are few studies that consider depression as one of the
causal factors of injuries [40,41].

Bayesian networks (BNs) are beginning to be widely used in social sciences [42,43],
and were recently presented as a useful methodology in sports psychology, given their abil-
ity to provide information on the probability of occurrence of events related to performance
in sports or, for example, the likelihood of sports injuries. BNs, also referred to as causal
networks or belief networks, are a form of statistical modelling that allows us to obtain a
graphical network describing the dependencies and conditional independencies from em-
pirical data. The graphical representation of BNs captures the compositional structure of the
relations and the general aspects of all probability distributions that are factorised according
to that structure. They have proven to be a promising tool for discovering relationships
between negative features in sport [44], and in many other sport-related studies, such as
cooperative teamwork, motivation and types of sporting cooperation among players in
competing teams, motivational climate and competitive anxiety, psychological variables
related to athlete injuries [45], the relative effect of age [46–49], and the relation between
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sport and educational performance [50]. In line with our study, a number of papers have
recently been published that use a new approach, called dynamic BNs, which strives to
predict and then mitigate the probability of injuries occurring in athletes [51]. Therefore,
taking into consideration the importance of the incidence of sports injuries in the population
of athletes and in the general health system, as well as their psychological impact on the
athletes involve, the main objective of this study is to extend the stress and injury model of
Andersen and Williams [19,20]—repeatedly verified—to other “negative” psychological
variables, such as anxiety associated to competition and depression, encompassed in the
conceptual model of Olmedilla and García-Mas [36]. Additionally, as a parallel objective,
the relationship is sought to be studied of this psychological macro-variable with two
other variables related to sports injuries: the search for social support, and the search for
connections of risk with the environment surrounding the athletes. Finally, these variables
and their relationships are studied with two specific characteristics: (1) on a wide sample of
traditional and indoor football players, with a 50% combination (approximately) of injured
and non-injured players; and (2) methodologically, a combination of classic methods and
probabilistic approaches through Bayesian networks is used.

2. Materials and Methods
2.1. Design

The research conducted corresponds to an ex post facto study [52]. Furthermore, it
is based on a descriptive and longitudinal correlational design. The independent and
predictive variables used are: personal data, socio-demographic and injury records; stress
levels; anxiety and depression levels; and social support perceived. As dependent variables
for prediction purposes (variable criterion), a record of injuries sustained over the season
is used.

2.2. Participants

The study sample is a non-random and non-probabilistic sample of an incidental
and intentional nature. The number of participants assessed entails that the results to be
obtained in the study do not exceed a sample error of 5% (n > 400; 95% reliability level) [52].

Regarding sporting data, in Table 1, the mean (X) number of years the participants
have been federated for is XYF = 11.83 years (SD = 5.41), with 55.2% having spent at least 12
years as a federated athlete. In terms of training days per week, the mean is 3.66 days/week,
SD = 1.18), with a broad range of training days, ranging from 2 to 7.

Table 1. Table of contingency of the sample considering the variables of sex and type of sport.

Sport Played Total

Football Indoor Football X Age SD

Sex
Male

Number 300 23 323 23.66 4.36

% of the total 65.9% 5.1% 71%

Female
Number 99 33 132 19.61 4.00

% of the total 21.8% 7.3% 29%

Total
Number 399 56 455 21.66 4.18

% of the total 87.7% 12.3% 100.0%

2.3. Instruments

To collect the personal information, an ad-hoc questionnaire on personal and socio
demographic data was used. The questionnaire comprised nine questions referring to age,
sex, sport played, current club, position played, competitive level, days of training per
week, and the duration of daily training sessions.

To collect information on injuries sustained, an ad-hoc self-report on injuries was used.
It was a self-reporting questionnaire comprising nine blocks of information to determine

260



Healthcare 2022, 10, 236

the injuries sustained during the previous season. The following questions were included:
the number of injuries sustained during the previous season; when the injury happened
(month); the time spent out before returning to the sport without discomfort; the specificity
of the injury (type, place, detailed description of the injury); establishment of the main
causal factors; degree of severity; degree of injury impact on subsequent performance; and
casual attribution of the athlete to the injury.

The DASS-21 Questionnaire was used to assess depression, anxiety, and stress. The
adapted Spanish version of the DASS-21 Questionnaire of Lovibond and Lovibond [53],
undertaken by Román et al. [54], was used. The main objective of this scale is to assess
the emotional states of stress, depression, and anxiety. The participants respond through a
four-step Likert-like scale (0 = not applicable to me; 1 = slightly applicable to me or a small
part of the time; 2 = largely applicable to me or a large part of the time; 3 = very applicable
to me or most of the time). Each scale comprised seven items with a score ranging from
0 points (minimum) to 21 points (maximum). The reliability levels obtained by Lovibond
and Lovibond [53], with a sample of 717 psychology students, were high or very high:
Stress: α = 0.89; Depression: α = 0.91; Anxiety: α = 0.81.

To assess the risk tendency, the DOSPERT-S Questionnaire was used. The adapted
Spanish version of the scale created by Weber, Blais and Betz [55], translated by Rubio and
Narváez [56] and validated by Lozano et al. [57], was used to assess attitude to risk-taking
in different areas. The original and principal scale comprised 40 items. A total of eight
additional items were added to the revised scale. However, after an exploratory factorial
analysis, it was reduced to 30 items. Furthermore, the range of possible answer options was
extended, ranging from five to seven (from 1: extremely unlikely; to 7: extremely likely).
The questionnaire comprised five factors, each with six items. The following indicators
were observed in this study: Social: α = 0.70; Recreational: α = 0.80; Finance: α = 0.77;
Health/Safety: α = 0.63; and Ethics: α = 0.58.

To assess social support, the Multidimensional Scale of Perceived Social Support
of Zimet et al. [58], was used. The adapted Spanish version produced by Landeta and
Calvete [59] was used in this study. The original scale [58] comprises 12 items that assess the
perception of social support. The response system entails a four-step Likert scale (“almost
never = 1”; “sometimes = 2”; “frequently = 3” and “almost always or always = 4”). These
12 items are distributed into three factors. The reliability levels found by Zimmet et al. [58]
were: Family: α = 0.87; friends: α = 0.85 and significant others: α = 0.91; in the Spanish
version, a seven-step scale was used, which ranged from 1 = completely disagree up to
7 = completely agree, with 4 = neither agree nor disagree).

2.4. Procedure

The Regional Football Federation of Murcia (FFRM, Spain) was informed of the
study, and both permission from and collaboration with it was requested. Traditional and
indoor football teams that met the convenience sampling requirements were recruited.
Subsequently, a meeting with the coach, players and parents of minors was scheduled.
Finally, the players willing to participate in the research signed an informed consent form.
In the case of minors, the form was signed by their parents or guardians. The tests were
undertaken on an individual basis. Furthermore, this study was conducted in accordance
with the recommendations of the Declaration of Helsinki, and it was approved by the Ethics
Committee of the University of Murcia (ID: UM 1551/2017).

2.5. Data Analysis

All the standard statistical analyses were conducted using the IBM Corp. (released
2013) IBM SPSS Statistics for Windows, Version 22.0 (IBM Corp., Armonk, NY, USA). Subse-
quently, a Bayesian network analysis was conducted, making it necessary to determine the
structure via a directed acyclic graph (DAG) and to assign conditional probabilities to each
node of the DAG. Therefore, learning a BN involves the following two tasks: (i) structural
learning, in other words, identifying the topology of the BN, and (ii) parametric learning
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or estimating the numerical parameters (conditional probabilities) given the topology of
the network.

Structural learning was used to obtain the BN through the “BN learn package” [60]
using R language [61]. To obtain the structure, the options were to use either a search
and score algorithm [62], which assigns a score to each BN structure and selects the
model structure with the highest score, or a constraint-based search algorithm [63], which
establishes a conditional independence analysis on the data to generate an undirected
graph and convert it into a BN using an additional independence test. The score-based
algorithm Tabu [62] was used, which was a plausible model for our data, looking for the
structure that best improves the score, e.g., using the highest one.

The final model was obtained by repeating structure learning several times (applying
bootstrap resampling to our dataset); many network structures were explored (500 BNs) to
reduce the impact of locally optimal (but globally suboptimal) networks on learning. The
networks learned were averaged to obtain a more robust model. The averaged network
structure was obtained using the arcs present in at least 85% of the networks, which gives a
measure of the strength of each arc and establishes its significance when given a particular
threshold (85%) [64].

The BN is used to make inferences, that is, to calculate new probabilities when new
information is introduced [65]. Therefore, after building the BN, some instantiations
were conducted (injection of hypothetical variables) to the bottom variables, as well as
observation on how the node, bottom, and top variables change their probability values [66].

3. Results

With regard to the number of injuries, all the participants assessed ranged from having
no injuries (0) to a maximum of five during the previous season, with a mean of 0.59
injuries/season (SD = 0.72), as can be seen in Table 2.

Table 2. Table of contingency of the sample considering the variables of number of injuries, sex and
type of sport.

Sex Sport
Number of Injuries

Total
0 1 2 3 4 5

Male

Football Number 155 120 20 4 0 1 300

% of the total 48.0% 37.2% 6.2% 1.2% 0.0% 0.3% 92.9%

Indoor football Number 16 6 0 0 1 0 23

% of the total 5.0% 1.9% 0.0% 0.0% 0.3% 0.0% 7.1%

Total Number 171 126 20 4 1 1 323

% of the total 52.9% 39.0% 6.2% 1.2% 0.3% 0.3% 100.0%

Female

Football Number 46 42 10 1 99

% of the total 34.8% 31.8% 7.6% 0.8% 75.0%

Indoor football Number 18 13 2 0 33

% of the total 13.6% 9.8% 1.5% 0.0% 25.0%

Total Number 64 55 12 1 132

% of the total 48.5% 41.7% 9.1% 0.8% 100.0%

Total

Football Number 201 162 30 5 0 1 399

% of the total 44.2% 35.6% 6.6% 1.1% 0.0% 0.2% 87.7%

Indoor football Number 34 19 2 0 1 0 56

% of the total 7.5% 4.2% 0.4% 0.0% 0.2% 0.0% 12.3%

Total Number 235 181 32 5 1 1 455

% of the total 51.6% 39.8% 7.0% 1.1% 0.2% 0.2% 100.0%

As regards the analyses of injury frequency, Table 2 shows how 51.6% of the sample
(n = 235) stated they did not have an injury; 39.8% (n = 181) stated they had one injury; 7%
(n = 32) stated they had two injuries; and 1.1% (n = 5) stated they had three injuries during
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the season. It was found that only one athlete had had four injuries, and another had had
five injuries during the season (2%, respectively).

Regarding the athletes that stated they had sustained at least one injury (n = 220; 48.4%
of the total), in the record of the first injury, referring to the month in which the injury
took place, 83.6% (n = 184) responded. The frequency of injuries per month is as follows
(from low to high incidence): October (n = 27; 14.7%); February (n = 26; 14.1%); November
(n = 23; 12.5%); March (n = 20; 10.9%); January (n = 19; 10.3%); September (n = 17; 9.2%);
May (n = 14; 7.6%); April (n = 12; 6.5%); August (n= 5; 2.7%); and July (n = 1; 0.5%). The
frequency distribution corresponds almost exactly with the distribution of training sessions
and games during the year and the active season.

With regard to time spent out injured before returning to the sport, 151 athletes
responded, and the mean number of days without playing was 54.13 (SD = 65.29). The
number of days spent out ranged from a minimum of two to a maximum of 420. The
frequency analyses show that the number of inactive days in the greatest number of cases
is 14 (n = 32; 7%), followed by 60 days (n = 23; 5.1%), and 30 days (n = 22; 4.8%), in that
order. Almost half of the sample corresponded to a period under 29 days (45.7%), while
the remaining 54.3% spent over 29 days out without playing.

As can be seen in Table 3, comparison between the number of injuries according to
the sports category variable per sex, the prevalence rate is greater in the female subgroup
(X = 0.62; SD = 0.683) than in the male subgroup (X = 0.58; SD = 0.737), which is slightly
lower despite having a greater value dispersion. Analysis of mean differences using
Student’s t-test shows the absence of statistically significant differences between groups
(Levene’s test: F = 0.072; p = 0.789; t = −0.567; p = 0.571).

Table 3. Descriptive and mean difference analysis applying Student’s t-statistic for two independent
samples considering the variables: number of injuries, sport category per sex, type of sport and age
of the players.

N M SD F Sig. T Sig. Cohen’s d

Sex category
Male 323 0.58 0.737

0.072 0.789 −0.567 0.571 −0.056
Female 132 0.62 0.683

Sport
Football 399 0.61 0.718

0.218 0.641 1210 0.227 0.121Indoor football 56 0.48 0.738

Age
>18 years old 75 0.45 0.664

0.819 0.366 −1821 0.069 0.244≤18 years old 378 0.62 0.730

Regarding the type of sport, a higher prevalence of injuries was observed in the
traditional football group (X = 0.61; SD = 0.718) than in the indoor football group (X = 0.48;
SD = 0.738). Analysis of mean differences using Student’s t-test shows the absence of
statistically significant differences between groups (Levene’s test: F =0.218; p = 0.641;
t = 1.210; p = 0.227).

Considering the age variable, the athletes aged 18 years old or over show a higher
prevalence (X = 0.62; SD = 0.730) than the group under 18 years old (X = 0.45, SD = 0.664).
Despite not obtaining statistically significant differences, there is a trend towards statistical
significance when comparing the two groups (Levene’s test, F = 0.819; p = 0.366; t = −1.821;
p = 0.069; p < 0.10). Despite not obtaining statistically significant results in this comparison,
Cohen’s d [67] was applied to calculate the effect size for this group. The results show a
value of d = 0.244, which is a relatively small value.

Therefore, based on the studies carried out and the results shown in Tables 2 and 3, we
can see that no statistically significant differences have been found (and that the trends have
a small effect size) among the various variables in the study. As such, this justifies moving
on to the second phase of the study, based on the search for probabilistic relationships
through the analysis and generation of Bayesian Networks.

As for the study of correlations between the psychological variables and the epi-
demiological variables (those of the participants and those of the injury itself), the results
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obtained are in line with those found in the analysis of statistical differences: No significant
correlations were found between the two types of variables.

3.1. Graph and Generated Bayesian Network

As can be seen in Figure 1, the resulting graph shows that the antecedent and trigger
variable associated with the likelihood of having a sports injury is stress.

Figure 1. Graph and Bayesian Network discovered with values (high and low probability) of the
study variables. Legend: Dospert: E (Ethical); FI (Financial/Business); FJ (Financial/Betting); SS
(Health/Safety); S (Social); R (Recreational/Sport).

Two nodes are clearly formed, one around the psychological variables (stress, anxiety
and depression –all three with low probabilities of occurrence in the population studied–the
latter being twice as likely as anxiety), and the other with all the risk tendency factors,
although they have different probabilities of occurrence associated with the sports injury.
One of them, the FJ, acts autonomously (although from low probability values in our
population), as an antecedent of this node, i.e., it would seem that the risk tendency in the
financial section related to betting, even in the field of sports, would be a trigger for the
other tendencies towards risk behaviors (all with low values of occurrence, except two:
the risk factors associated with social habit, above all, and secondly, the sporting and/or
recreational one.

As for the bottom (or descendant) variables, it is very clear in the BN conducted that
Social Support, with a very high probability of occurrence (almost 100%), would not be
a predictor factor, but rather would be an almost inevitable consequence of the athletes’
perception given the injury.

Finally, it should be noted that the probability values found in the population studied
are generally very low, which is in line with the low prevalence of injuries (around 50%
of the sample did not suffer any injury, as can be seen in Table 2). Furthermore, the
probabilistic weight of psychological factors is not very high, perhaps having a contributory
role rather than a determining one—in terms of the probability of triggering the injury—in
the anxiety-stress of the athletes.

3.2. BN Validation

The BN was validated using a 10-fold cross validation, taking the area under the curve
(AUC), accuracy, sensitivity, and sensibility into consideration. Certain terms should first
be defined to understand the validation used: true positive (TP), true negative (TN), false
positive (FP), and false negative (FN). If an observation is labelled correctly within its class,
it is considered a true positive. Conversely, if an observation is labeled correctly as not
belonging to a specific class, it is a true negative. Both TP and TN suggest a consistent
result in the classifier.

However, no classifier is perfect and if the model incorrectly labels an observation
as belonging to a certain class, it is a false positive; and when incorrectly labelled as not
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belonging to a certain class, it is designated as a false negative [68]. Both FP and FN indicate
that the results from the classifier are contrary to the actual label [59].

Sensitivity, specificity and accuracy are described in terms of these concepts: Sensitivity
= TP / (TP + FN); Specificity = TN / (TN + FP); and Accuracy = (TN + TP) / (TN + TP +
FN + FP).

The AUC shows that the probability of a randomly chosen positive datum being
correctly ranked is much higher than for a randomly chosen negative datum [69]. The
readings provide a complete overview of the performance of the BN. As Table 4 shows, the
validation tables provided some average results, along with some medium values. These
validation values should be considered when undertaking the next step in the Bayesian
analysis process (the instantiations) and the final conclusions.

Table 4. Validation of the obtained BN through AUC indicators.

AUC Accuracy Sensitivity Specificity

STRESS 0.6 0.75 0.95 0.23
ANXIETY 0.5 0.96 1 0

DEPRESSION 0.6 0.92 0.99 0.18
DOSPERTE 0.63 0.83 0.94 0.32
DOSPERTFI 0.62 0.85 0.99 0.26
DOSPERTFJ 0.58 0.8 0.93 0.22
DOSPERTS 0.7 0.68 0.77 0.63

DOSPERTSS 0.64 0.72 0.92 0.36
DOSPERTR 0.66 0.67 0.72 0.6

SOCIAL SUPPORT 0.5 0.97 0 1

3.3. Instantiations

Based on the above results, it was decided to explore, as in previous studies [48,66,70],
the changes in the probabilities of occurrence of antecedent variables when hypothetical
values are “injected” into bottom or consequent variables. To be more precise, and also
considering the meaning of the variables, the instantiations that have been carried out are
as follows:

(a) Social support, passing to 0% HIGH;
(b) DOSPERT-S, Social/Safety, passing to 100% HIGH;
(c) Depression, passing to 100% HIGH;
(d) The union of the three above, simultaneously.

As can be seen in Table 5, removing the probability of occurrence of Social Support
entails: increase in the likelihood of the depression, anxiety and—to a lesser degree—stress
triad; decrease in the tendency of risk behavior, albeit small, and, above all, in ethical, social
(“go it alone”) and recreational/sporting behavior. In any case, the results of this first
instantiation reaffirm those found in the original BN generated.
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Table 5. Instantiation 1. Social Support, from 96.64% to 0% HIGH Likelihood. Instantiation 2.
Depression, from 10.24% to 100% HIGH Likelihood. Instantiation 3. DESPORT SS, from 36.75% to
100% HIGH Likelihood. Instantiation 4. DESPORT SS, from 36.75% to 100% HIGH, Depression, from
10.24% to 100% HIGH, and Social Support, from 96.63% to 0% HIGH, likelihoods simultaneously.

Social Sup. Depression Anxiety Stress DE DS DFI DFJ DR DSS

Original BN
HIGH 96.63 10.24 4.38 28.34 17.28 63.59 17.67 18.43 42.17 36.75
LOW 3.16 89.72 95.62 71.64 82.72 36.41 82.33 81.57 57.43 63.25

1. After Social
Support = 0%

High
HIGH 0 44.41 14.09 39.38 16.21 50.15 17.22 18.43 36.46 35.09
LOW 100 55.59 85.91 60.62 83.79 49.85 82.78 81.57 63.54 64.91

2. After
Depression = 100%

HIGH, 0% LOW

HIGH 86.91 100 30.39 55.97 20.02 64.27 18.44 18.43 35.09 37.92

LOW 13.09 0 69.61 44.03 79.98 35.73 81.56 81.57 64.91 62.08
3. After Dosport
SS = 100% High,

0% LOW

HIGH 96.98 10.66 4.61 30.73 34.23 72.8 30.2 24.58 57.94 100

LOW 3.02 89.34 95.39 69.27 65.77 27.2 69.8 75.42 42.06 0
4. After Dosport
SS = 100% High,

0% LOW;
Depression = 100%

HIGH, 0% LOW,
and Social Support
= 0% HIGH, 100%

LOW

HIGH 0 100 30.07 58.17 41.34 87.3 32.152 3.46 64.18 100

LOW 100 0 69.93 41.87 58.66 12.7 67.857 6.54 32.82 0

4. Discussion

The results obtained in this study largely confirm the aims expressed in the initial
objectives, both from the perspective of the quality of the explanations they allow for and the
validity values found. No differences were found between the variables relating to players
or the nature of the injuries. Along the same lines, no correlations were found between said
variables, which occurred repeatedly when attempts were made to “connect” the objective
characteristics of the injury or sport with the psychological variables considered in different
studies [36,71].

The information collected in the ad hoc injury questionnaire applied in this research
provides valuable information regarding injuries sustained during the season. However,
once analyzed –beyond the limitations in its design that will subsequently be discussed–we
observe that, once again, no clear pattern emerges that could justify a behavioral approach
to the occurrence of sport injuries.

In terms of the probabilistic analysis carried out, consideration should be given, firstly,
to providing support to the classical model centered on stress, as well as to the conceptual
ordering derived from the Global Sports Injury Model [36], as they can be considered—
among several other factors or variables, e.g., related with the characteristics of the practice,
the pitch, or the participants’ biomedical features as antecedents to the others. Furthermore,
these results—obtained with a methodology based on probability analysis—support the
possibility of extending the stress model to other variables (anxiety and depression, the
so-called negative “triad”), while maintaining the same characteristics with respect to sport
injuries.

Thus, the trigger variable and from which all the other “negative” psychological
variables (gathered in a very clear node in the graph obtained) descend is the stress per-
ceived by the athletes. The probability values found are low (it should be remembered
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that the incidence of injury in the sample studied is only about 50%), and here too stress
is pre-eminent in terms of the probability of occurrence. The relatively low probability of
depression (although it is the one with the highest value within the BN) and, secondly, of
anxiety associated with competition, makes us reflect on whether it is possible to contem-
plate a component of “relief” from the injury—cease competing–in comparison with the
low probability of anxiety found, perhaps related to an early return to competition and its
demands. This result had already appeared—in a much smaller form—in a very early study
by Liberal et al. [71]. At what point in the natural life of the sports injury does each of these
variables carry the most weight? As the study is retrospective, further studies are needed
to better understand whether this variable affects prevention (as it seems to do) rather
than recovery. Were it to regard learned avoidance behavior, we would be entering more
complex territory, which would require observation and a different theoretical approach to
those usually carried out [72,73].

It is very interesting to have found that the probability values related to the various
factors associated with risk-seeking tendencies (in different domains) constitute another
node isolated from the previous node of the “negative triad”. However, this result had
already been partially reported in another study using the same methodology [74]. From
the clear results found, an important issue emerges: can these be two different sources of
probability of occurrence of a sports injury?

It should not be forgotten, on the other hand, that this characteristic of seeking out
and undertaking risky behavior may have some bearing on the issue—which is critical
on many levels today—of sports betting. This would seem to be confirmed by the fact
that the highest values for the factors in this variable correspond to financial, social, and
sport/leisure factors. This separation of the two nodes opens, in our opinion, an important
collateral avenue for furthering our understanding of the psychological components of
sport injuries.

Furthermore, the findings of this study can—as indicated, in part, above—fit very
well into the proposed integrative model (the GMSI) [36] as they can be considered as
antecedents of injury and, therefore, enter into the realm of possible injury prevention,
rather than rehabilitation or recovery and the concept of ‘returning to the sport’.

When we analyze the results of the instantiations on the bottom (or consequent)
variables with hypothetically unachievable maximum and/or minimum values, the results
found in the BN are clearly reaffirmed.

The results obtained can contribute to both theoretical and applied aspects of the
scientific problem. On the one hand, from a theoretical perspective, the inclusion of
“anxiety” and “depression” at the level of “stress” in the model of Andersen and Williams
may allow a conceptually different approach, being able to speak of a “negative triad”, and
the need for empirical studies that can support this aspect in line with the proposals of
Olmedilla and García-Mas in their GMSI [36]. On the other hand, the results seem to show
that the presence of mental health indicators in sports practice is a fact of great importance,
and not only from the perspective of injury [75]. In this sense, it seems necessary to
implement psychology actions and programs for the promotion of mental health, and for
the prevention of the basic indicators of the “negative triad”, in line with Brenner et al. [76]
and Henriksen et al. [77].

5. Conclusions

First of all, the existence of the “triad” node is consolidated, as the variables contained
in it are affected jointly, with an almost “homogeneous” function (possibly, both in the
occurrence and in the rehabilitation process of the injury) on modifying the stress values
upwards. In addition, the separation of increase/decrease of the occurrence values that
may hypothetically reach the probability of the risk tendency is maintained.

Likewise, we also see that a variable that is much discussed in many aspects and
theoretical frameworks (see, for example, the corresponding scale of the updated sport
engagement questionnaire, the SCQ-2 [78]), social support, is highly compromised both
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in the BN and, particularly, in the instantiations, as its probability of occurrence does not
increase when the “negative” variables do. It is true that it has previously been pointed
out within different areas that the line between support and social pressure is not entirely
clear-cut and immovable [79,80], and this seems to be another example of it. As such, what
seems to happen when the probability of occurrence of the SS decreases, is that it leads to
an increase in the other factors (D, A and E) of the same variable, and a decrease in the
probability values of risk-tendency factors. Perhaps the fact of not having a ‘safety net’
makes the players implement strategies and resources with greater implication (“...there
is no family or anyone to protect me, I have to get on with it”, “...either I do it or...I don’t
have anyone”), which may help to have greater focus, decide more quickly and stabilize
behavior, along the lines of what is foreseen in the stress model.

And this immediately opens up another very relevant question, especially regarding
youth sport: which psychosocial factor can be more, and which can be less, effective in
preventing or aiding recovery from a sports injury? In this case, we fear that we will have
to resort to methodologies of a more qualitative nature to complement the quantitative
ones in order to obtain answers adapted to the specific characteristics of the athletes. As in
our study, it has been shown that the family “umbrella” does not seem to have relevant
probabilistic weight.

Finally, based on the results obtained and on this critical discussion, it can be stated
that stress is not only found within the framework of psychological variables traditionally
considered as “negative”, and that these have different degrees of severity and complexity
for the players. It can also be affirmed that intervention plans should separate the interven-
tion on these psychological components from those related to the learning of avoidance
and risk behavior.

As a last conclusion, we can state that stress is not the only factor in the classic and
repeatedly proven model linking it to sports injuries.

5.1. Limitations and Future Developments

Obviously, there are some limitations in this study. Firstly, there is a transversal
analysis, due to the rapid and dynamic composition of sports teams, which see changes
regarding some of their players almost every season. This classic problem when work-
ing with sport competition teams is really difficult to address, hindering somewhat the
longitudinal approach. Secondly, there is no work on the best way to better integrate the
classic statistical methods with the Bayesian analysis (we are currently conducting them in
a sequential way, gaining information on one over the other).

Thirdly, regarding the ad hoc questionnaire, its design does not provide enough
specific information (is it a new injury, a relapse of an old one or another injury different
from the one previously sustained?); the place of the injury (practice, competition or off the
pitch); time the injury took place (opening the door to the study of the chronobiological
factors in this field), and, in a more psychological fashion, its design must include the
causal attribution made by the injured athlete about the cause of the injury.

Finally, the authors didn’t have the opportunity to study the physical and body
indications associated with the stress present in some players. This kind of evaluation
may be a valuable complement to the paper and pencil data collection, when studying the
anxiety and stress associated with the injury.

Regarding future developments, there are three lines of work in the medium term.
Firstly, and given the results obtained, it would be interesting to compare the graphs and
BNs of the two semi-samples of this study (injured vs. non-injured players) in order to
observe the differences, if any, between the variables, their nodes and their probabilities of
occurrence.

Secondly, once this extension of the stress model is “secured”, it may also be relevant—
in this case, following the GMSI conceptual model—whether depression is pre-injury
(antecedent) or post-injury (consequent) and, in this case, we will have to work with a
longitudinal follow-up or survival methodology and sample.
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Thirdly, it would be good to improve our knowledge of the injuries and specific fea-
tures, working with bigger samples including indoor football and female teams, regarding
some particularities discovered in the kind of injuries sustained.

Further studies should also look into the differences between different sports and
the injuries that occur, following, on the one hand, the classical differentiation between
individual and team sports, as well as direct and indirect opposition sports. Furthermore,
the analysis between more socially developed sports (such as biking and trekking), which
currently take place in a very high percentage outside the competitive area and are done by
amateurs, should be developed (this has not been systematically conducted so far). This
type of analysis could—along the lines of the BN analyses—indicate different probabilities
of sustaining an injury associated with doing different sports.

Finally, the role of competitive anxiety in relation to many sporting situations is very
controversial indeed [46]. In this case, a line of study and development regarding anxiety
(three-dimensionally considered) in relation to “returning to the sport” may be of great
value from a theoretical and applied intervention perspective. This study should perhaps
be carried out using a qualitative rather than quantitative methodology.

5.2. Practical Implications

Despite the limitations indicated above, this study has high practical implications for
the professional practice of both sports coaches and other support professionals (sports
doctors, sports psychologists, physical trainers, physiotherapists, etc.), given that traditional
descriptive analyses indicate a trend in the results according to the sports age category
(but not according to the sex category), thus we know that this is a variable that should
be addressed in the pre- and post-injury intervention. Likewise, the analyses developed
through BNs indicate the importance of generating adequate coping strategies in athletes
(especially considering the specificity of possible social support at the sporting and extra-
sporting level), with a view to preventing and coping with two possible consequences of a
failure in the adaptation process of athletes: anxiety and depression.
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Abstract: Training in emotional regulation skills is one of the most important resources for the
adaptation of athletes to contexts of sports pressure, especially during competitions. This study
explored the effects of a mindfulness programme (Flow Meditation) on levels of impulsivity, mood
and pre-competition anxiety-state in a sample of athletes (N = 41, 22.83 ± 5.62 years). Participants
were randomly assigned to an intervention group (N = 21; 14 males and 7 females) which received
the intervention over 10 weeks (a weekly session) and a control group (wait-list; N = 20; 13 males and
7 females). The variables under study were assessed through different questionnaires at pre- and
post-test (T1–T2) in both groups. The mindfulness intervention was effective in reducing impulsivity
(cognitive (t = −4.48, p ≤ 0.001, Cohen’s d = 1.40), both motor (t = −4.03, p ≤ 0.001, Cohen’s d = 1.20)
and unplanned (t = −5.32, p ≤ 0.001, Cohen’s d = 1.66)), mood (tension (t = −4.40, p ≤ 0.001, Cohen’s
d = 1.37), depression (t = −4.56, p ≤ 0.001, Cohen’s d = 1.42), anger (t = −7.80, p ≤ 0.001, Cohen’s
d = 2.47), somatic anxiety (t = −5.28, p ≤ 0.001, Cohen’s d = 1.65), and cognitive anxiety (t = −6.62,
p ≤ 0.001, Cohen’s d = 2.07) in the intervention group compared to the control group and with large
to very large effect sizes. Mindfulness is a factor that enhances athletes’ ability to cope with high sport
pressure and the healthy management of competition (e.g., fear of failure), or with their daily life.

Keywords: mindfulness; awareness; sport; psychosocial variables

1. Introduction

Physical exercise and sport have a positive effect on physical and mental health and
on personal development [1]. However, in competitive sport, athletes must fulfil high
expectations and be physically and mentally prepared to achieve peak performance. Today,
more and more sport professionals recognise the importance of mental preparation to
optimise performance and maintain mental health [2]. The relevance of psychological
functioning to an athlete’s performance is reflected both in sporting outcomes and in the
athlete’s well-being and mood. Within sports, there are a number of psychological traits or
behaviours (e.g., impulsivity, anxiety, negative moods, or fatigue) that have been associated
with deficits in emotional regulation skills and can negatively influence performance [3,4].
On the other hand, positive emotions and moods, such as joy and vigour, may contribute
to increased self-confidence and sport performance [5,6].

From a cognitive–behavioural perspective, impulsivity could be defined as the ten-
dency to behave without a sufficient process of the observation, analysis, and/or evaluation
of consequences, in the form of tendencies towards risk-taking behaviour, rapid decision
making, and lack of planning [7]. Impulsivity is generally considered a predisposition
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to perform quick and thoughtless actions in response to internal and/or external stimuli
despite negative consequences for oneself and/or others. It is described in terms of the
process involved: motor (i.e., action without thought), perceptual–attentional (i.e., lack of
concentration on the task), and lack of planning or transcendence (i.e., prioritising when,
how, and where the action occurs without giving value to the consequences for the fu-
ture) [8–10]. In sport contexts, impulsive responding has been related both to the pursuit of
greater and faster efforts to be perfect [11], fear of failure [12], and even self-destruction [13],
and to negative emotions such as anger, aggressive behaviours, concentration difficulties,
and poor performance [14,15].

As for anxiety, although scientific evidence has widely demonstrated that anxiety nega-
tively affects psychosocial resources and individual conditions for sport performance [16,17],
some athletes are able to perform under great pressure, while others drown under the
combined weight of intense competition and high levels of physiological arousal and
psychological stress. Anticipatory fear makes the individual more vulnerable [18], altering
the functionality and adaptive capacities in terms of emotional [19,20], cognitive [21], and
behavioural [22] responses linked to sport action, thus impacting on mood states and
exacerbating activation processes [23,24]. Models such as the Multidimensional Theory
of Competitive Anxiety identify the components of anxiety related to sport contexts [25],
namely, cognitive anxiety (negative thoughts, expectations, and/or self-talk related to the
competitive event), somatic anxiety (affective and physiological elements that directly affect
the central nervous system), and self-confidence (related to the level of confidence and the
perception of being prepared for the competition).

Understanding how the components of the impulsive and anxious response and
mood states work also allows intervention on the psychological risks associated with sport
situations and actions [26]. Early learning and/or training in psychological resources that
promote emotional and behavioural regulation reduce discomfort in athletes (e.g., anger-
anxiety, depression, fatigue, or withdrawal), mainly when they need their performance
to adapt adequately and fluently to competitive situations or sporting demands [16,27],
positively influencing sporting performance.

A growing number of studies have demonstrated the efficacy of psychological inter-
ventions, including mindfulness, on emotional and behavioural regulation in sports [28–31],
hence the relevance of teaching regulatory skills, especially to young athletes participating
in competitions [11,32,33], as they are subjected to greater sporting pressures (e.g., the
obligation to win or to prove themselves to be the best).

In the 20 years since the incorporation of mindfulness in the context of sports, empirical
findings have revealed effective outcomes associated with performance and personal well-
being, as well as supporting the theorised mechanisms of change. Mindfulness is a form
of meditation that involves intentional and non-judgmental awareness of the present
moment, including physical sensations and experienced affective states [34,35]. The use of
mindfulness facilitates directing one’s attention towards coping with the pressure coming
from technical, physical, biological, and even professional aspects. However, although
the main objective of mindfulness is to learn to accept the internal events (i.e., thoughts,
emotions, etc.) involved in any activity in the present, in studies with elite athletes, it
has been observed that their coping with negative thoughts improved and their sports
performance was also enhanced [36–38].

Currently, we have several mindfulness interventions or programmes applied to the
field of sport, including the Mindfulness–Acceptance–Commitment Approach (MAC) [38],
Mindful Sport Performance Enhancement (MSPE) [39], Mindful Performance Enhancement,
Awareness, and Knowledge (mPEAK) [40], Mindfulness Meditation Training for Sport
(MMTS) [41], Berlin Mindfulness-Based Training for Athletes (BAT) [42], the Mindfulness–
Acceptance–Insight–Commitment program (MAIC) [43], among others [44]. In Spain,
the Flow Meditation programme (Flow Meditation) [45] has been applied in those with
different disorders and different populations, facilitating the reduction in impulsivity and
aggressiveness in students and of anxiety and depression levels in older adults [46,47].
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Expanding the repertoire of mindfulness strategies available to athletes and health
professionals is a useful and relevant topic in this field. Furthermore, mindfulness interven-
tions in the sport domain have mainly focused on variables such as coping, concentration
levels, and relaxation [44]. Nowadays, trainers and sport professionals have no doubt that
possessing good physical skills does not guarantee optimal sport performance, so they have
started to take the psychological skills and personality characteristics of players seriously
(i.e., anxiety and/or anger management, feelings of depression and fatigue, resilience, and
even self-efficacy) [5,6].

The present study is the first to include a number of psychological variables that so far
have barely been studied in the field of mindfulness applications to sport, but which are
critical for improving well-being and sport performance. Thus, the aim of this study was to
explore the efficacy of a mindfulness programme called Flow Meditation [45] on impulsivity,
mood, and pre-competition anxiety in a group of athletes. On the basis of the scientific
literature mentioned above, the starting hypothesis postulates that the intervention will
improve impulsive response, mood (i.e., depression, tension, anger, fatigue, and vigour),
and pre-competition anxiety in the intervention group compared to the control group.

2. Materials and Methods
2.1. Participants

The sample of the present study consisted of 41 federated athletes who participated in
official competitions at the provincial, regional, or national level and who were studying
different degrees at the University of Almeria (Spain). The ages of the participants ranged
from 18 to 32 years (22.83 ± 5.62 years). In total, 6% of the participants were involved in
athletics, 8% in tennis, 13% in swimming, 14% in basketball, 16% in handball, 21% in volley-
ball, and 22% in football. The intervention group consisted of 21 participants (14 males and
7 females), (21.74 ± 4.93 years), while the control group consisted of 20 athletes (13 males
and 7 females) (23.92 ± 6.31 years). The sample was randomly assigned to one or the
other group, controlling the variables of gender and sporting activity, so that there was a
similar number of men and women and athletes from the different sporting disciplines in
both groups, thus avoiding the interference of these variables in the results of the study.
Informed consent was obtained from all subjects involved in the study.

2.2. Instruments

• Impulsivity. The Spanish adaptation of Oquendo et al. [48] of the Barratt Impulsivity
Scale (BIS-11) [49,50] was applied. This questionnaire is composed of 30 items that are
grouped into 3 subscales of impulsivity: (i) Cognitive impulsivity (8 items): tendency
to make quick decisions; (ii) motor impulsivity (10 items): propensity to act solely on
the stimulus of the moment, without thinking about the consequences; and (iii) im-
pulsivity due to lack of planning (12 items): indicates the lack of planning of future
actions. Each item consists of 4 Likert-type response options (never or almost never,
sometimes, quite often, and always or almost always). The internal consistency of the
different scales, obtained using Cronbach’s alpha coefficient, showed values of 0.78 for
the cognitive impulsivity subscale, 0.75 for motor impulsivity, and 0.66 for impulsivity
due to non-planning.

• Mood. The original reduced version of the Profile of Mood States (POMS) [51], vali-
dated in Spanish by Fuentes et al. [52], was used. The abbreviated form of the Profile
of Mood States consists of a list of 29 adjectives assessing five mood states: tension
(6 items), depression (6 items), anger (6 items), vigour (6 items), and fatigue (5 items).
The items are rated on a five-point Likert-type scale, from 0 = not at all; 1 = a little;
2 = moderately; 3 = quite a lot; to 4 = very much. The extent to which each of the
moods described in each adjective has been experienced during the last week, includ-
ing the day on which the questionnaire is answered, is assessed. Cronbach’s alpha
values for the reduced versions showed the following scores: tension (0.64), depression
(0.69), anger (0.61), vigour (0.72), and fatigue (0.66).
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• Competitive anxiety. The Spanish version of the Competitive Anxiety Inventory
CSAI-2R by Andrade et al. [53] was administered in athletes. It consists of 18 items dis-
tributed in 3 dimensions: (i) somatic anxiety (8 items), which represents the perception
of bodily indicators of anxiety, such as muscle tension, increased heart rate, sweating,
and stomach discomfort; (ii) cognitive anxiety (5 items), which encompasses the neg-
ative feelings that the subject has about their performance and the consequences of
the possible outcome; and (iii) self-confidence (5 items), which refers to the degree
of confidence that the athlete believes they have about their chances of success. A
Likert-type response format of four alternatives from 1 “not at all” to 4 “very much”
was used. Internal reliability showed adequate consistency with Cronbach’s alphas of
0.91 for the somatic anxiety dimension, 0.71 for the cognitive anxiety dimension, and
0.65 for the self-confidence dimension.

2.3. Design and Procedure

A quasi-experimental design was carried out with a wait-list control group, with intra-
and inter-group comparisons.

Firstly, we proceeded to obtain the study sample by convenience sampling, for which
we offered a course entitled “The development of mindfulness in sport”, aimed at athletes
enrolled at the University of Almeria who were participating in official competitions at
the provincial, regional, or national level. Once the study sample (n = 41) was constituted,
we started to obtain the pre-test measurements for the dimensions of the variables of
impulsivity, mood states, and anxiety-state, for which all the participants enrolled in
the course were provided with questionnaires for the evaluation of these variables to be
completed individually, on the weekend before the start of the intervention programme.
Once this pre-test score was obtained, the participants were randomly assigned to the
control and intervention groups, controlling the variables of gender and sporting discipline,
so that they would not interfere with the results of the study. In the same week, the
intervention programme began to be applied to the intervention group, with one session
per week for 10 consecutive weeks. The subjects in the control group (wait-list; n = 20)
were informed that for reasons of space they would receive the course in a second turn.
During the weekend after the end of the course in the intervention group, the levels of the
different dimensions of the impulsivity, mood and anxiety variables were re-evaluated in
both groups under the same conditions as in the pre-test phase.

2.4. Intervention Programme

The programme was applied in the intervention group over ten sessions, with a
weekly session lasting one and a half hours each. The sessions were held in the evening
in a soundproofed university classroom with a good room temperature and the necessary
equipment for the meditations (e.g., movable chairs, mats, blankets). This intervention
programme consisted of learning and daily practice for 40 min of a meditation technique for
the training and development of mindfulness called Flow Meditation [45,54]. Participants
were given basic instructions on how to meditate at home: to always choose the same time
and place (preferably a quiet place, with little light and good temperature); to allow at least
two hours after eating before meditating and not to carry it out at a time when they had to
do something urgent afterwards; to choose a comfortable posture, with the back upright;
not to look for any special result, but to abandon themselves to whatever arises during
meditation, flowing and without expecting big changes at the beginning, since meditating
is a habit that takes time to be acquired and the effects take their time to develop and be
noticed. The main objective is not to try to control thoughts, sensations, or feelings, nor
to modify or change these for another but, on the contrary, to leave them free, accepting
any private event that may appear or arise spontaneously in our consciousness. In other
words, during practice, one becomes aware of the presence of thoughts without analysing
their content or veracity, but rather developing the awareness that thoughts (as well as
sensations) change every moment and that they are constantly flowing. Therefore, during
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the practice of this mindfulness technique, participants will understand experientially that
thoughts arise and disappear continuously and that they are subject to a continuous flow,
learning, in this way, to be present, open, and balanced before any phenomenon or mental
or emotional process that occurs in their minds.

In each of the 10 sessions, in addition to the learning and practice of mindfulness,
various metaphors and exercises from Acceptance and Commitment Therapy [55,56] as well
as stories from the Zen tradition [57] and from Vipassana meditation [58] were employed.
The aim of these stories and exercises was to reinforce the idea that when we try to control
or eliminate the upsetting and unpleasant thoughts, emotions, and bodily sensations we
experience, they become chronic, thus aggravating the psychological discomfort. So, the
best option is therefore to become aware of them, accept them as they appear, and let
them flow freely. Other components of the mindfulness Flow Meditation programme
were body scan exercises [34]. After the research was completed, the mindfulness course
was conducted with the control group, as indicated at the beginning of the study. The
intervention programme was developed by an instructor with extensive experience in both
practising and teaching mindfulness meditation techniques.

2.5. Data Analysis

Data were analysed with the statistical software SPSS software—IBM SPSS Statistics
for Windows, Version 25.0. Armonk, NY, USA: IBM Corp.

First, Shapiro’s normality test was conducted. Since the variables conformed to the
normal distribution, parametric tests were then performed. Levenne’s test was applied
to corroborate the homogeneity of variances. Second, Student’s t-tests for independent
samples were performed to test whether there were significant differences between the
intervention group and the control group before starting the intervention. Third, intra-
group measures (t-tests for dependent samples) were performed between pre-test or time 1
(hereafter T1) and post-test or time 2 (hereafter T2). Fourth, post-treatment measures were
compared between groups (t-tests for independent samples) to verify the extent to which
these changes were statistically significant and on which variables. For variables where
statistically significant differences were found, the effect size was calculated using Cohen’s
d. The interpretation is as follows: 0.2 is considered a small effect, 0.6 a moderate effect,
1.2 a high effect, and 2.0 a very high effect. Finally, a multiple linear regression analysis
was performed with the variable self-confidence at T2 as the dependent variable, due to the
divergence found between intra-group and inter-group results on this variable. In addition,
descriptive analyses were performed in both groups for all variables at T1 and T2.

3. Results
3.1. Descriptive Data

The descriptive data for both groups for all variables at T1 and T2 are presented in
Table 1. Student’s t-tests for independent samples found no significant differences between
the main variables between the groups before the intervention (p < 0.05).

3.2. Intra-Group Comparison (T1–T2)

A comparison of the changes between T1 and T2 measures in both groups was made.
As shown in Table 1, there were statistically significant changes in the intervention group
in the following variables: the three subscales of the BIS-11, cognitive impulsivity, motor
impulsivity and impulsivity due to non-planning; the POMS, in tension, depression, and
anger; and the CSAI-2R, in somatic anxiety, cognitive anxiety, and self-confidence. In all
of them, these statistically significant changes meant an improvement in the intervention
group. In this group, the effect size was in all cases between high and very high. However,
in the control group, statistically significant changes only occurred in the somatic anxiety
and cognitive anxiety scales of the CSAI-2R, but these changes meant a worsening, i.e., an
increase in anxiety levels. In this group, the effect size for those significant changes was
moderate (see Table 1).
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3.3. Inter-Group Comparisons

Differences between the two groups were also calculated on T2 measures, and statisti-
cally significant differences were found in favour of the intervention group on the following
variables: on the three subscales of the BIS-11, cognitive impulsivity, motor impulsivity,
and impulsivity due to non-planning; on the POMS, on tension, depression, and anger;
and the CSAI-2R, on somatic anxiety and cognitive anxiety. In terms of effect size, all these
results ranged from high (1.2) to very high (2.47) (see Table 2).

Table 2. Independent sample t-tests for T2 measures in the intervention and control groups and effect
sizes.

Scale Subscales t df Effect Size
(Cohen’s d) p

Cognitive Impulsivity T2 −4.48 39 1.40 <0.001
Motor Impulsivity T2 −4.03 39 1.2 <0.001

Unplanned Impulsivity T2 −5.32 39 1.66 <0.001
Tension T2 −4.4 39 1.37 <0.001

Depression T2 −4.56 39 1.42 <0.001
Anger T2 −7.8 33.98 2.47 <0.001
Vigour T2 0.71 39 _____ 0485
Fatigue T2 −0.95 39 _____ 0348

Somatic Anxiety T2 −5.28 39 1.65 <0.001
Cognitive Anxiety T2 −6.62 39 2.07 <0.001

Self-confidence T2 0.33 31.57 _____ 0.747
df (degrees of freedom).

3.4. Multiple Linear Regression Analysis

Given that in the intra-group analysis, statistically significant differences were found
in the self-confidence variable at T2 in the intervention group, but no statistically significant
differences were found in the inter-group analyses, a multiple linear regression analysis
(Table 3) was performed with self-confidence as the dependent variable, in order to discern
which variables were the best predictors of its values. The independent variables were
group (intervention versus control group), gender, type of sport played, and the score on
the same variable at T1. The results reveal that the two most predictive variables were, in
first place, the score in self-confidence at T1, followed by the group to which they belonged.

Table 3. Linear regression of factor associated with self-confidence in T2.

Variables β SE Standard β t p
95.0% Confidence Interval for β

Lower Limit Upper Limit

Group −0.801 0.307 −0.264 −2.612 0.013 −1.422 −0.179
Gender −0.353 0.318 −0.111 −1.113 0.273 −0.998 0.291

Type of Sport −0.002 0.079 −0.003 −0.028 0.978 −0.163 0.159
Self-confidence T1 0.805 0.102 0.847 7.865 0.000 0.597 1.012

4. Discussion

The results of the application of the Flow Meditation intervention programme in the
sample of athletes studied reveal an improvement in the intervention group in cognitive
impulsivity, motor impulsivity, and impulsivity due to lack of planning. There was also
an improvement in tension, depression, and anger, as well as in somatic anxiety, cognitive
anxiety, and self-confidence, confirming the hypotheses formulated. In contrast, the control
group showed an increase in somatic and cognitive anxiety.

Along the same lines, other studies have observed improvements in burnout [59],
decreased stress and anxiety [3,37], improved mood [17], as well as higher levels of flow
and improved sports performance [39,60–62] following the application of a mindfulness
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programme in athletes. Recent research suggests a reduction in depressive symptoms and
an increase in psychological well-being [59,63] and self-compassion [3].

Mindfulness intervention with Flow Meditation can be indirectly considered a type
of psychological training to optimise performance. Moreover, it is an effective strategy to
improve concentration and emotion regulation in athletes. According to the systematic
review on mindfulness intervention programmes by Bühlmayer et al. [64], mindfulness
practice affects cognitive processes and is considered increasingly significant within sport
psychology training. The effects of increased mindfulness promote greater concentration,
awareness, and acceptance, which are necessary to counteract the negative effects of
stressful sport performance [65,66].

In addition to performance anxiety and negative thoughts, the negative effects of
competition include fatigue, boredom, and pain [65]. Mindfulness interventions do not
focus on directly altering or changing dysfunctional thoughts and emotions, but rather the
athlete’s relationship with their physiological and psychological states. However, collateral
changes occur, such as improved cognitive skills [67] and even increased pain tolerance in
injured athletes. Thus, Mohammed et al. [68] indicate a notable decrease in stress and an
improvement in mental health after the application of the MBSR programme (Mindfulness-
Based Stress Reduction). Similarly, other authors report effects on reducing the risk of
injury and even facilitating recovery from serious injuries [59,69]. Other studies suggest
that even brief mindfulness training can prevent deterioration in athletic performance and
produce psychological benefits [3,60].

The results obtained indicate an increase in the variable of self-confidence in the
intervention group. Recent research supports the findings of this study, suggesting that
mindfulness is closely related to this variable, which is essential for promoting sports
performance [70–73], thus preventing the onset of mental disorders and improving quality
of life [38]. In short, it is possible to conclude that mindfulness training enhances cognitive
and emotional resources for managing highly demanding situations and, at the same time,
will contribute to correcting maladaptive behaviours of athletes in competition.

The mechanisms involved, which can act both directly and indirectly, include: neuro-
biological changes, the increased emotional regulation and reduction in negative emotions,
such as anxiety and anger [74,75], increased attentional control [67,76,77], flow [78,79],
reduced rumination and irrational beliefs (e.g., perfectionism), reduced worry and self-
judgment [3,44], decreased experiential avoidance [80], increased positive emotions and
self-efficacy [6,81], and even (self-)compassion [3,24].

Flow Meditation constitutes a Second-Generation Mindfulness programme, and it
includes ethical, existential, and spiritual aspects. Thus, the aim is not only to improve
sports performance and individual well-being, but also to promote mindfulness skills for
everyday life and values such as equanimity and transcendence [35,45]. This objective
comes along with new lines of future research proposed by some authors [44,82]. In this
way, Kee et al. [44] suggest that mindfulness training in athletes should incorporate the
Taoist concept of wu-wei, whereby athletes learn to set aside and transcend ideas of winning
or losing while playing and concentrate solely on the task, without judging their actions
and paying attention only to those external stimuli relevant to the task. In Western terms,
the more related word might be flow (i.e., to let go of effort, to flow, or to go with the flow).
The flow state has been defined as an optimal state of awareness in which one is totally
absorbed and connected with what one is doing, even to the exclusion of all thought or
emotion, and in which mind and body work together harmoniously, pleasantly, almost
automatically, and without conscious effort. Experiencing this state is associated with a
positive impact on self-perceived sport competence and sports performance [79,83]. In this
sense, optimal performance does not require the volitional control of internal states [38].

Athletes trained from a young age, for whom mindfulness is already part of their daily
lifestyle, develop what has been called trait mindfulness, rather than state mindfulness,
which is limited to specific situations or novice meditators [29]. Both describe mindfulness
about the task in the present moment and, when they occur together, constitute consoli-
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dated processes of acceptance and engagement with the task, without value judgments,
promoting achievement and the processes to accomplish it [84]. Moreover, the application
of mindfulness-based therapies, in which present-moment awareness is enhanced, seems
to have a more positive influence on psychological variables related to competition than
other therapies involving an altered state of consciousness, such as hypnosis [85].

Finally, the application of this type of treatment in athletes could also function as a
protective factor against other problems linked to competition, such as disorders related to
body image or eating behaviour [86].

The study described here has several limitations that need to be noted: (i) the small
number of participants belonging to each sport activity; (ii) the absence of an active control
group; (iii) the exclusive use of self-report measures; (iv) the absence of a follow-up phase
of the treatment effects.

Future studies should continue to evaluate the efficacy of mindfulness in controlled
trials and in larger populations in order to generalise the findings and confirm the effects
of the intervention on different psychological variables that affect the mental health and
performance of athletes. Finally, it is of utmost relevance to assess the long-term effects on
the population studied.
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Abstract: This study aimed to discover coping strategies among professional male Tunisian footballers
during the Ramadan 2021 fast. One hundred and eighty footballers who belong to twelve Tunisian
professional clubs (age: 25.54 ± 4.41 years, weight: 77.19 ± 5.99 kg; height: 180.54 ± 7.28 cm; BMI:
23.67 ± 0.58) were tested during three sessions: one week before Ramadan, during the last week of
Ramadan, and one week after Ramadan 2021. The footballers completed the Arabic version of the
Inventory of Coping Strategies for Competitive Sport (ICSCS) scale in each session. Responses were
recorded retrospectively one hour after a competition. The analysis of variance revealed a significant
effect of Ramadan fasting on the adaptation profile of footballers (F = 3.51; p-value = 0.0001). Before
and after Ramadan fasting, active coping dominates the adaptation profile of Tunisian professional
footballers. During Ramadan, footballers use an irregular and unbalanced coping profile. The lifestyle
change induced by the Ramadan fast significantly and negatively affected the adaptation profile of
Tunisian professional footballers. Under the effect of the month of Ramadan, footballers developed a
different coping profile from that of normal months.

Keywords: fast day; adaptation; lifestyle; athletes; men; mental health

1. Introduction

Ramadan fasting is one of the religious rituals of Muslims. It is a form of intermittent
fasting, which is practiced by more than 1.5 billion Muslims annually throughout the
month of Ramadan. Ramadan is the ninth month of the Islamic calendar. In this month,
worldwide Muslims must fast for 29–30 days. The daily fasting duration in Ramadan may
vary between seasons, from 12 to 18 h, depending on the season and geographical area [1,2].
During fasting, individuals do not eat anything from sunrise to sunset. From sunset to
brightness, Muslims can eat freely. Hence, the time of sleeping and eating may be affected
by Ramadan, as the frequency and quantity of food, the duration of night sleep, and sports
activities are reduced [3,4].

Muslim athletes often encounter significant metabolic, behavioral, and dietary dis-
ruption when they engage in Ramadan fasting [5–8]. Athletes who fast during Ramadan
can potentially confer hypohydration [9], disturbances in body mass [10–13], variations
in aerobic qualities [14,15], intense anaerobic qualities [16,17], metabolic and hormonal
disturbances [18,19], disorders in physical activity profile [20], sleep disorders including
sleep deficit [21,22], mood swings, and general impairment of physical and psychomotor
performance [5,23]. Accordingly, many studies have shown a negative effect of fasting
in Ramadan on several aspects of physical performance [24,25]. For example, athletes
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experience varying stress levels during Ramadan due to the disruption and alteration of
their biological clock [26–28].

Aside from the physical effects, mood disturbances with mental fatigue have also
increased during Ramadan [16,24,25]. Several studies have shown the harmful effects
of fasting in Ramadan on the mental aspects of performance [29–33]. For example, one
study identified the adverse effects of Ramadan fasting on sleep and the performance
of footballers participating in the 2012 Olympics [30]. Another study showed a negative
impact of Ramadan fasting on cognitive performance [34]. The results of these studies
suggest that decision-making behaviors during training and competition conditions may
be negatively affected during Ramadan. Therefore, understanding how to minimize the
adverse effects of Ramadan fasting on Muslim athletes is a crucial issue.

Some studies have designed mental preparation sessions for Muslim athletes before
the beginning of the Ramadan fast to assimilate proactive coping strategies [24,25,29].
Experienced Muslim athletes, especially those with many years of sports experience, usually
have developed strategies to cope with the Ramadan fast [30,35]. For example, they
acquired learned behavioral patterns that they found effective in meeting the fasting
challenge. Some intermittent practice fasting throughout the year as strategies to prepare
for the month of Ramadan, which is characterized by continuous fasting, changes in eating
behavior, physical activity, sleep, and emotional and cognitive behavior, and lower energy
intake resulting from the restriction of feeding to a limited time [2,15,36]. The athlete’s
nutritional status, degree of training, temperature, humidity, and daily fluid intake may
reflect differences such as intermittent or continuous fasting [36–38]. Adaptation essentially
involves the individual response of an athlete to cope with a stressful situation [39]. On
the other hand, preventive coping aims to develop resources to reduce the effects of
uncertain and stressful future events [25,40,41]. Proactive adaptation involves strategies
for developing public resources to achieve personal goals.

Ideally, a male Muslim athlete immerses himself in competition to achieve the best
performance. Although fasting during Ramadan represents an obstacle, he does everything
to develop coping strategies to achieve his goals [24,25,29,30]. Some Muslim athletes adopt
good coping strategies and have been successful in combating the negative influence of
Ramadan fasting on their subsequent physical performance. In contrast, those who are less
capable of coping with the disturbances induced by Ramadan fasting may not have peak
performance [5,6,23].

In general, commonly used coping strategies include task-focused coping, in which the
athlete directly confronts the threatening situation, and avoidance-focused coping, in which
the athlete attempts to disengage or distract themselves from the stressful situation [42–44].
In addition, some studies consider fasting during Ramadan as an unfavorable condition
for achieving the desired performance [5–7].

Therefore, it is important to understand the adaptation profile adopted by Tunisian
professional footballers during the Ramadan fast. The present study aimed to examine
the self-generated coping strategies adopted by our participants before, during, and after
Ramadan. Specifically, Tunisian professional footballers, such as most Muslim athletes, fast
every year during Ramadan. Nevertheless, they continue sports and physical activities and
simultaneously cope with this stressful situation using self-developed coping strategies
without prior mental preparation.

This study aims to examine the effect of Ramadan fasting on the coping profile of
Tunisian professional footballers before, during, and after Ramadan. This study also aims
to determine the coping strategies used by participants during the month of Ramadan.

Hence, the study hypothesized that; there is a significant effect of Ramadan fasting
on the footballers’ coping strategies. It is expected that the results of this study will be a
reference that will help coaches and mental trainers to improve the performance of their
athletes.
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2. Materials and Methods
2.1. Study Design

The study was conducted in Tunisia in 2021. Ramadan began on Tuesday, 13 April
2021, and ended on Wednesday, 12 May 2021. The duration of each daytime fast was
approximately 16 h starting at ~3:22 a.m. and ending at ~7:20 p.m. After the approval of
officials and technical staff, the footballers were first invited six weeks before Ramadan to
familiarize themselves with all the procedures involved in the study (FBR: Familiarization
Before Ramadan). Then, the fasted footballers from the respective clubs were asked to
respond to the Arabic version of the Inventory of Coping Strategies for Competitive Sport
(ICSCS) [45], and measure their height and weight for body mass index (BMI) calculation
in three sessions. The first session was carried out a week before Ramadan (MBR) from 3–7
April 2021, following the 22nd and 23rd day of the Tunisian professional championship. The
second session occurred in the last week of Ramadan from 5–9 May 2021 (MDR), following
the 24th and 25th day. The previous session was carried out a week after Ramadan (MAR)
on 19 May 2021, following the last day of the championship (Figure 1).
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Figure 1. Experimental protocol adopted in the present study [45]. Figure 1. Experimental protocol adopted in the present study [45].

The study protocol was reviewed in-depth and fully approved by the “Ethics Com-
mittee for the Protection of Populations in the South” (C.P.P.SUD), Sfax, Tunisia (protocol
reference C.P.P.SUD N 0031/2020). This study was based on the latest version of the
Helsinki declaration and its subsequent amendments. The registration code for the trial is
PACTR20211254567573.

2.2. Participants

After obtaining approval from club officials, coaches, and players, one hundred and
eighty male footballers with a mean age of 25.54 years (SD = 4.41) volunteered to participate
in this study. Fasting footballers were invited from 12 Tunisian clubs affiliated with Pro
League 1 (CAB: Club Athlétique Bizertin; UST: Union Sportif de Tataouine; CA: Club
African; ESS: Etoile Sportive du Sahel; ASS: Avenir Sportif de Soliman; CSS: Club Sportif
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Sfaxien; ESM: Etoile Sportive de Métlaoui; USB: Union Sportive de Ben Guerdane; USMO:
Union Sportive de Monastir; ASR: Avenir Sportif de Rejiche; EST: Espérance Sportive de
Tunis; OB: Olympique de Béja). These 12 clubs, among 14 clubs, regularly participate in
the Tunisian first professional league. The same activity continued during Ramadan; these
players were recruited to observe Ramadan fasting. The characteristics of the participants
are shown in Table 1.

Table 1. Mean and standard deviation of descriptive research variables (n = 15, N = 180).

Club Club 1 Club 2 Club 3 Club 4 Club 5 Club 6 Club 7 Club 8 Club 9 Club 10 Club 11 Club 12

Age Mean ±
SD

24.0 ±
4.20

23.87 ±
3.9

24.60 ±
4.4

25.33 ±
4.5

24.80 ±
4.1

25.40 ±
4.0

25.67 ±
4.3

24.93 ±
4.3

25.87 ±
3.9

25.67 ±
4.3

26.87 ±
3.8

29.47 ±
5.5

Height
(cm)

Mean ±
SD

180.4 ±
7.1

182.2 ±
8.3

181.2 ±
7.1

182.13
± 8.1

180.26
± 7.9

179.6 ±
7.1

181 ±
7.6

178.46
± 8.1

179.53
± 6.7

181.47
± 7.1

179.93
± 7.6

180.86
± 7.2

Weight
(kg)

Mean ±
SD

77.8 ±
5.9

78.67 ±
6.1

77.27 ±
6.5

78.13 ±
6.4

76.2 ±
6.2

75.73 ±
6.2

77.73 ±
6.1

76.06 ±
6.7

75.2 ±
4.5

78.2 ±
5.9 77 ± 6.1 78.33 ±

6.0

BMI Mean ±
SD

23.8 ±
0.5

23.83 ±
0.5

23.51 ±
0.6

23.53 ±
0.5

23.64 ±
0.8

23.43 ±
0.6

23.70 ±
0.5

23.84 ±
0.4

23.33 ±
0.6

23.72 ±
0.4

23.73 ±
0.8

23.92 ±
0.3

SD: standard deviation; BMI: weight divided by height squared, expressed in kg/m2; Club 1: CAB; Club 2: UST;
Club 3: CA; Club 4: ESS; Club 5: ASS; Club 6: CSS; Club 7: ESM; Club 8: USB; Club 9: USMO; Club 10: ASR; Club
11: EST; Club 12: OB.

2.3. Applied Protocol and Measures

The Inventory of Competitive Sports Coping Strategies (ICSCS) (Supplementary Ta-
ble S1) [43] was used to study the coping profile of Tunisian professional soccer players.
The Gaudreau and Blondin [43] ICSCS is the most commonly used instrument in the sports
context to assess coping strategies for competitive sports [44]. Due to the cultural specificity
of the present sample, we used the Arabic version of ICSCS [45], which has been validated
according to the methodology of Vallerand [46]. The Arabic version of the ICSCS has been
validated for Tunisian athletes and has good psychometric properties [45]; the English
version is attached as Supplementary Table S1. This tool makes it possible to measure
ten coping strategies: mental imagery, thought control, expenditure of effort, search for
support, relaxation, logical analysis, evacuation of unpleasant emotions, disengagement,
social withdrawal, and mental distraction via 39 items rated on a 5-point Likert scale. Each
strategy has four items [response scale ranging from 1 (never) to 5 (always)], except for the
effort expenditure strategy, which has three items [response scale ranging from 1 (never)
to 5 (always)]. The footballers were asked to answer all the items of the Arabic version of
ICSCS one hour after their competition. The time to complete the ICSCS was about 15 min.

Measurements of body height were measured using a stadiometer, and weight was mea-
sured using a calibrated electronic scale (Tanita, Tokyo, Japan). BMI was calculated as body
weight in kilograms divided by square height in meters. Weight status was defined according
to age-specific BMI thresholds [47]. All measurements were taken by the same research group
(4 investigators) directly in the stadium where the competition was taking place.

2.4. Statistical Analysis

The data obtained from the responses to the various items of the Arabic version of
ICSCS were summarized in the form of means and standard deviation (SD) to illustrate the
level of coping among footballers. Then, the scores obtained were analyzed by MANOVA
on repeated measures [period (one week before Ramadan, during the last week of Ramadan,
and one week after Ramadan 2021) × coping]. The Wilks Lambda test was centralized to
compare the means and test the significant effect of Ramadan fasting on the coping profile in
professional Tunisian footballers. All the observed differences were statistically significant
when the p-value < 0.05 and effect sizes were calculated using eta square (η2 = sum of
squares in group effects/total sum of squares in the ANOVA). More specifically, a total
sum of squares in the ANOVA included group effect, time effect, interaction effect, and
error effect in the present study. The magnitude of eta squared is explained according to
Cohen’s suggestion: eta squared 0.01 as small effect; 0.06 as moderate effect; and 0.14 as
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large effect [48]. Data were analyzed using IBM SPSS statistics software (IBM SPSS software,
France, version 21.0).

3. Results

The results of the MANOVA variance test demonstrated the effect of Ramadan fasting
on the following coping strategies: effort expenditure [F (11.17) = 3.11; p-value = 0.01;
η2 = 0.129], seeking support [F (11.17) = 1.99; p-value = 0.032; η2 = 0.112], and venting of
unpleasant emotions [F (11.17) = 2.31; p-value = 0.012; η2 = 0.123] (Table 2).

Table 2. Inter-subject effects tests (N = 180).

Source Dependent
Variable

Be
fo

re
R

am
ad

an

Mean
± SD F p-

Value η2

D
ur

in
g

R
am

ad
an

Mean
± SD F p-

Value η2

A
ft

er
R

am
ad

an

Mean
± SD F p-

Value η2

Fo
ot

ba
lle

rs

MI 3.83 ±
0.81 3.54 0.001 0.170 3.72 ±

0.9 1.77 0.063 0.103 3.74 ±
0.84 3.77 0.001 0.161

TC 3.94 ±
0.82 4.75 0.001 0.185 3.51 ±

094 1.28 0.240 0.063 3.88 ±
0.88 4.06 0.001 0.211

EE 4.19 ±
0.88 2.34 0.010 0.139 2.38 ±

1.04 3.11 0.001 0.129 3.33 ±
1.36 30.38 0.001 0.635

SS 3.31 ±
0.89 2.08 0.024 0.119 3.69 ±

0.89 1.99 0.032 0.112 3.52 ±
0.89 2.46 0.007 0.166

Rx 3.34 ±
0.82 1.79 0.061 0.094 3.82 ±

0.81 1.54 0.123 0.065 3.57 ±
0.87 3.46 0.001 0.176

LA 3.64 ±
0.89 4.97 0.001 0.235 4.10 ±

0.78 1.22 0.279 0.077 3.90 ±
0.81 2.85 0.002 0.124

VUE 3.15 ±
1.04 18.31 0.001 0.564 2.85 ±

0.97 2.31 0.012 0.123 3.23 ±
1.03 11.59 0.001 0.454

Di 3.15 ±
1.15 26.52 0.001 0.617 3.71 ±

0.68 0.53 0.879 0.023 3.82 ±
0.76 5.21 0.001 0.279

SW 2.84 ±
1.02 2.64 0.004 0.143 4.31 ±

0.78 0.93 0.515 0.047 3.48 ±
1.2 20.45 0.001 0.604

MD 2.39 ±
1.04 5.79 0.001 0.282 3.53 ±

0.82 1.30 0.229 0.037 2.85 ±
1.12 10.92 0.001 0.408

MI: Mental imagery; TC: Thought control; EE: Effort expenditure; SS: Seeking support; Rx: Relaxation; LA:
Logical analysis; VUE: Venting of unpleasant emotions; Di: Disengagement; SW: Social withdrawal; MD: Mental
distraction. SD: standard deviation. F: Fisher test, η2; effect sizes.

One week before the Ramadan fast, Tunisian male professional soccer players were
using task-oriented coping strategies [Effort expenditure: 4.19 ± 0.88]; [Thought control:
3.94 ± 0.82]; [Mental Imagery: 3.83 ± 0.81]; [Logic analysis: 3.64 ± 0.89]; [Rebound:
3.34 ± 0.82]; [Support seeking: 3.31 ± 0.89]. During the last week of Ramadan, Tunisian
male professional footballers adopted the following coping strategies [Social withdrawal:
4.31 ± 0.68]; [Logic analysis: 4.10 ± 0.78]; [Rebound: 3.82 ± 0.81]; [Mental Imagery:
3.72 ± 0.90]; [Disengagement: 3.71 ± 0.68]. One week after Ramadan fasting, Tunisian
male professional soccer players used the following coping strategies [Logical analysis:
3.90 ± 0.81]; [Thought control: 3.88 ± 0.88]; [Disengagement: 3.82 ± 0.76]; [Mental imagery:
3.74 ± 0.84] (Table 3).

A week before Ramadan, active coping dominates the coping profile in the majority
of Tunisian professional clubs. During the last week of Ramadan, footballers from most
Tunisian professional clubs use the strategy of social withdrawal. One week after Ramadan,
effort expenditure and social withdrawal strategies dominate the adaptation profile among
Tunisian professional clubs (Table 5). The results in Table 5 present the profile of coping
among the different clubs of the Tunisian professional football league before, during, and
after the month of Ramadan. This mass of information gives us an in-depth idea of the
mental preparation system adopted by Tunisian clubs.

289



H
ea

lth
ca

re
20

23
,1

1,
10

53

Ta
bl

e
3.

Le
ve

lo
fc

op
in

g
am

on
g

pr
of

es
si

on
al

fo
ot

ba
lle

rs
be

fo
re

,d
ur

in
g,

an
d

af
te

r
R

am
ad

an
(N

=
18

0)
.

C
op

in
g

St
ra

te
gi

es
M

en
ta

l
Im

ag
er

y
T

ho
ug

ht
C

on
tr

ol
Ef

fo
rt

Ex
pe

nd
it

ur
e

Se
ek

in
g

Su
pp

or
t

R
el

ax
at

io
n

Lo
gi

ca
l

A
na

ly
si

s

V
en

ti
ng

of
U

np
le

as
an

t
Em

ot
io

ns
D

is
en

ga
ge

m
en

t
So

ci
al

W
it

hd
ra

w
al

M
en

ta
l

D
is

tr
ac

ti
on

A
B

C

LC
BR

0.
00

1
0.

00
1

0.
00

1
M

ea
n
±

SD
3.

83
±

0.
81

3.
94

±
0.

82
4.

19
±

0.
88

3.
31

±
0.

89
3.

34
±

0.
82

3.
64

±
0.

89
3.

15
±

1.
04

3.
15

±
1.

15
2.

84
±

1.
02

2.
39

±
1.

04

LC
D

R

M
ea

n
±

SD
3.

72
±

0.
9

3.
51

±
0.

94
2.

38
±

1.
04

3.
69

±
0.

89
3.

82
±

0.
81

4.
10

±
0.

78
2.

85
±

0.
97

3.
71

±
0.

68
4.

31
±

0.
78

3.
53

±
0.

82

LC
A

R

M
ea

n
±

SD
3.

74
±

0.
84

3.
88

±
0.

88
3.

33
±

1.
36

3.
52

±
0.

89
3.

57
±

0.
87

3.
90

±
0.

81
3.

23
±

1.
03

3.
82

±
0.

76
3.

48
±

1.
20

2.
85

±
1.

12

SD
:s

ta
nd

ar
d

de
vi

at
io

n;
LC

BR
:l

ev
el

of
co

pi
ng

be
fo

re
R

am
ad

an
;L

C
D

R
:l

ev
el

of
co

pi
ng

du
ri

ng
R

am
ad

an
;L

C
A

R
:l

ev
el

of
co

pi
ng

af
te

r
R

am
ad

an
.A

:s
ig

ni
fic

an
td

iff
er

en
ce

s
be

tw
ee

n
LC

BR
an

d
LC

D
R

;B
:s

ig
ni

fic
an

td
iff

er
en

ce
s

be
tw

ee
n

LC
BR

an
d

LC
A

R
.C

:s
ig

ni
fic

an
td

iff
er

en
ce

s
be

tw
ee

n
LC

D
R

an
d

LC
A

R
.

Ta
bl

e
4.

Le
ve

lo
fc

op
in

g
am

on
g

Tu
ni

si
an

pr
of

es
si

on
al

cl
ub

s
be

fo
re

,d
ur

in
g,

an
d

af
te

r
R

am
ad

an
(n

=
15

;N
=

18
0)

.

C
lu

b
M

en
ta

l
Im

ag
er

y
T

ho
ug

ht
C

on
tr

ol
Ef

fo
rt

Ex
pe

nd
it

ur
e

Se
ek

in
g

Su
pp

or
t

R
el

ax
at

io
n

Lo
gi

ca
l

A
na

ly
si

s
V

en
ti

ng
of

U
np

le
as

an
t

Em
ot

io
ns

D
is

en
ga

ge
m

en
t

So
ci

al
W

it
hd

ra
w

al
M

en
ta

l
D

is
tr

ac
ti

on

Le
ve

lo
fc

op
in

g
be

fo
re

R
am

ad
an

am
on

g
pr

of
es

si
on

al
Tu

ni
si

an
cl

ub
s

C
lu

b
1

M
ea

n
±

SD
3.

23
±

0.
6

3.
15

±
0.

7
3.

62
±

1.
1

3.
08

±
0.

7
3.

28
±

0.
8

2.
60

±
0.

6
2.

41
±

0.
5

2.
53

±
0.

5
3.

40
±

0.
9

3.
85

±
1.

0

C
lu

b
2

M
ea

n
±

SD
4.

01
±

1.
1

3.
48

±
0.

9
4.

35
±

0.
4

3.
36

±
0.

8
3.

53
±

0.
7

3.
91

±
0.

6
2.

05
±

0.
7

2.
51

±
0.

6
3.

31
±

1.
4

2.
51

±
1.

0

C
lu

b
3

M
ea

n
±

SD
3.

96
±

0.
7

3.
78

±
0.

6
3.

86
±

1.
1

3.
38

±
0.

9
3.

55
±

0.
7

4.
20

±
0.

8
2.

32
±

0.
7

2.
15

±
0.

7
3.

23
±

1.
0

2.
21

±
1.

1

C
lu

b
4

M
ea

n
±

SD
3.

63
±

0.
7

4.
08

±
0.

6
3.

75
±

1.
1

3.
30

±
1.

0
3.

26
±

0.
6

3.
16

±
1.

0
2.

53
±

0.
9

2.
63

±
0.

7
3.

31
±

0.
7

2.
75

±
0.

8

C
lu

b
5

M
ea

n
±

SD
3.

86
±

0.
9

3.
81

±
0.

8
4.

15
±

1.
0

3.
23

±
0.

9
3.

60
±

0.
6

3.
75

±
0.

9
2.

80
±

0.
8

2.
08

±
0.

8
2.

98
±

0.
9

2.
23

±
0.

8

C
lu

b
6

M
ea

n
±

SD
3.

71
±

0.
6

4.
03

±
0.

9
3.

91
±

1.
1

3.
25

±
0.

8
3.

06
±

1.
0

3.
66

±
1.

1
2.

41
±

0.
7

2.
23

±
0.

8
2.

60
±

1.
2

2.
02

±
0.

8

C
lu

b
7

M
ea

n
±

SD
3.

46
±

0.
8

3.
50

±
0.

9
4.

29
±

0.
8

2.
85

±
0.

9
2.

85
±

0.
6

3.
15

±
0.

8
3.

35
±

0.
9

2.
71

±
1.

1
2.

66
±

1.
3

2.
72

±
1.

0

C
lu

b
8

M
ea

n
±

SD
3.

55
±

0.
8

3.
91

±
0.

5
4.

22
±

0.
8

2.
85

±
0.

8
3.

23
±

0.
7

3.
60

±
0.

7
4.

01
±

0.
5

3.
80

±
0.

8
2.

68
±

1.
0

2.
53

±
1.

1

C
lu

b
9

M
ea

n
±

SD
3.

68
±

0.
7

4.
43

±
0.

7
4.

49
±

0.
4

3.
21

±
0.

8
3.

60
±

0.
7

3.
90

±
0.

6
4.

08
±

0.
6

4.
05

±
0.

6
2.

33
±

0.
5

2.
15

±
0.

7

C
lu

b
10

M
ea

n
±

SD
4.

10
±

0.
6

4.
40

±
0.

7
4.

62
±

0.
5

3.
71

±
0.

9
3.

60
±

0.
9

3.
85

±
1.

0
3.

78
±

0.
8

4.
30

±
0.

5
2.

81
±

0.
8

1.
65

±
0.

6

C
lu

b
11

M
ea

n
±

SD
4.

62
±

0.
4

4.
21

±
0.

7
4.

44
±

0.
5

3.
91

±
0.

9
3.

55
±

0.
8

4.
11

±
0.

4
4.

11
±

0.
5

4.
56

±
0.

6
2.

50
±

0.
5

1.
83

±
0.

9

C
lu

b
12

M
ea

n
±

SD
4.

13
±

0.
8

4.
45

±
0.

5
4.

58
±

0.
5

3.
61

±
0.

7
2.

93
±

1.
1

3.
81

±
0.

6
3.

88
±

0.
7

4.
23

±
0.

5
2.

21
±

0.
7

2.
16

±
0.

9

290



H
ea

lth
ca

re
20

23
,1

1,
10

53

Ta
bl

e
5.

Le
ve

lo
fc

op
in

g
am

on
g

Tu
ni

si
an

pr
of

es
si

on
al

cl
ub

s
be

fo
re

,d
ur

in
g,

an
d

af
te

r
R

am
ad

an
(n

=
15

;N
=

18
0)

.

C
lu

b
M

en
ta

l
Im

ag
er

y
T

ho
ug

ht
C

on
tr

ol
Ef

fo
rt

Ex
pe

nd
it

ur
e

Se
ek

in
g

Su
pp

or
t

R
el

ax
at

io
n

Lo
gi

ca
l

A
na

ly
si

s
V

en
ti

ng
of

U
np

le
as

an
t

Em
ot

io
ns

D
is

en
ga

ge
m

en
t

So
ci

al
W

it
hd

ra
w

al
M

en
ta

l
D

is
tr

ac
ti

on

Le
ve

lo
fc

op
in

g
be

fo
re

R
am

ad
an

am
on

g
pr

of
es

si
on

al
Tu

ni
si

an
cl

ub
s

Le
ve

lo
fc

op
in

g
du

ri
ng

R
am

ad
an

am
on

g
pr

of
es

si
on

al
Tu

ni
si

an
cl

ub
s

C
lu

b
1

M
ea

n
±

SD
3.

05
±

0.
9

3.
32

±
0.

9
1.

84
±

0.
5

3.
06

±
0.

9
3.

45
±

0.
7

3.
81

±
0.

6
2.

88
±

0.
9

3.
56

±
0.

7
4.

25
±

0.
8

3.
71

±
0.

8

C
lu

b
2

M
ea

n
±

SD
3.

82
±

0.
6

3.
55

±
0.

7
2.

02
±

1.
1

3.
48

±
1.

0
3.

65
±

0.
6

4.
13

±
0.

9
2.

43
±

0.
5

3.
51

±
0.

5
4.

42
±

0.
7

3.
48

±
0.

4

C
lu

b
3

M
ea

n
±

SD
3.

75
±

0.
7

3.
56

±
0.

7
2.

62
±

1.
0

3.
43

±
06

3.
66

±
05

4.
00

±
1.

0
2.

21
±

0.
8

3.
83

±
0.

4
4.

42
±

0.
5

3.
18

±
0.

6

C
lu

b
4

M
ea

n
±

SD
3.

56
±

0.
9

3.
50

±
0.

8
2.

51
±

0.
8

4.
00

±
0.

6
3.

86
±

0.
7

3.
73

±
0.

6
3.

21
±

1.
0

3.
75

±
0.

7
4.

42
±

0.
6

3.
28

±
0.

8

C
lu

b
5

M
ea

n
±

SD
4.

00
±

1.
0

3.
40

±
0.

8
2.

24
±

1.
0

3.
95

±
0.

8
4.

18
±

0.
5

3.
91

±
1.

0
2.

43
±

0.
7

3.
85

±
0.

5
4.

48
±

0.
5

3.
40

±
1.

2

C
lu

b
6

M
ea

n
±

SD
3.

66
±

1.
1

3.
85

±
1.

0
3.

13
±

1.
3

3.
45

±
1.

0
3.

62
±

1.
0

4.
08

±
0.

5
2.

81
±

0.
9

3.
78

±
0.

8
4.

32
±

0.
7

3.
98

±
0.

9

C
lu

b
7

M
ea

n
±

SD
3.

96
±

0.
7

3.
48

±
1.

1
2.

24
±

1.
0

4.
00

±
0.

9
3.

91
±

1.
1

4.
35

±
0.

6
2.

80
±

1.
0

3.
46

±
0.

9
4.

22
±

1.
1

3.
35

±
1.

0

C
lu

b
8

M
ea

n
±

SD
4.

01
±

1.
0

3.
21

±
1.

1
2.

28
±

0.
9

3.
75

±
0.

9
3.

91
±

0.
9

4.
35

±
0.

9
3.

43
±

1.
0

3.
71

±
0.

6
4.

40
±

0.
7

3.
48

±
0.

7

C
lu

b
9

M
ea

n
±

SD
4.

11
±

0.
7

4.
05

±
0.

8
3.

26
±

1.
2

3.
93

±
0.

8
3.

53
±

0.
8

4.
21

±
0.

7
2.

65
±

1.
2

3.
78

±
0.

8
3.

82
±

0.
5

3.
46

±
0.

8

C
lu

b
10

M
ea

n
±

SD
3.

65
±

0.
9

3.
70

±
0.

9
2.

20
±

1.
2

4.
08

±
0.

8
4.

31
±

0.
8

4.
45

±
0.

5
3.

06
±

0.
9

3.
85

±
0.

6
4.

50
±

0.
9

3.
70

±
0.

8

C
lu

b
11

M
ea

n
±

SD
3.

75
±

0.
9

3.
03

±
1.

1
2.

31
±

0.
8

3.
73

±
0.

9
3.

88
±

0.
9

4.
12

±
0.

9
3.

23
±

1.
0

3.
70

±
0.

6
4.

08
±

0.
9

3.
40

±
0.

8

C
lu

b
12

M
ea

n
±

SD
3.

35
±

1.
0

3.
46

±
0.

8
1.

84
±

0.
5

3.
41

±
0.

8
3.

83
±

0.
6

3.
98

±
0.

6
3.

01
±

0.
8

3.
70

±
0.

7
4.

36
±

0.
7

3.
86

±
0.

7

Le
ve

lo
fc

op
in

g
af

te
r

R
am

ad
an

am
on

g
pr

of
es

si
on

al
Tu

ni
si

an
cl

ub
s

C
lu

b
1

M
ea

n
±

SD
3.

33
±

0.
7

3.
58

±
1.

0
3.

93
±

1.
1

3.
11

±
0.

8
2.

86
±

0.
4

3.
20

±
0.

9
3.

40
±

1.
0

3.
00

±
1.

1
2.

73
±

1.
1

2.
65

±
0.

9

C
lu

b
2

M
ea

n
±

SD
3.

45
±

0.
9

3.
88

±
0.

6
4.

20
±

0.
7

2.
76

±
0.

9
3.

13
±

0.
9

3.
61

±
0.

8
4.

05
±

0.
6

3.
61

±
0.

7
2.

63
±

0.
9

2.
88

±
1.

3

C
lu

b
3

M
ea

n
±

SD
3.

45
±

0.
9

4.
50

±
0.

6
4.

31
±

0.
5

3.
30

±
0.

8
3.

41
±

0.
9

3.
61

±
0.

8
3.

90
±

0.
8

3.
90

±
0.

6
2.

75
±

0.
7

2.
03

±
0.

6

C
lu

b
4

M
ea

n
±

SD
4.

08
±

0.
7

4.
41

±
0.

6
4.

73
±

0.
2

3.
63

±
1.

0
3.

38
±

0.
8

3.
78

±
1.

0
3.

91
±

0.
8

4.
38

±
0.

4
2.

68
±

1.
0

1.
81

±
0.

6

C
lu

b
5

M
ea

n
±

SD
4.

50
±

0.
6

4.
31

±
0.

6
4.

60
±

0.
6

3.
86

±
0.

9
3.

88
±

0.
6

4.
28

±
0.

3
3.

95
±

0.
4

4.
43

±
0.

5
2.

46
±

0.
7

1.
75

±
0.

7

C
lu

b
6

M
ea

n
±

SD
4.

03
±

0.
7

4.
38

±
0.

5
4.

62
±

0.
5

3.
70

±
0.

6
3.

21
±

1.
1

3.
88

±
0.

6
3.

83
±

0.
6

4.
25

±
0.

6
2.

26
±

0.
8

2.
13

±
0.

9

C
lu

b
7

M
ea

n
±

SD
3.

03
±

0.
9

3.
48

±
0.

8
2.

04
±

0.
9

3.
38

±
1.

1
3.

75
±

0.
9

3.
91

±
0.

6
3.

10
±

1.
1

3.
73

±
0.

7
4.

16
±

0.
9

3.
63

±
0.

9

C
lu

b
8

M
ea

n
±

SD
3.

71
±

0.
6

3.
51

±
0.

8
1.

75
±

0.
8

3.
70

±
09

3.
96

±
0.

7
4.

18
±

0.
7

2.
38

±
0.

5
3.

76
±

0.
4

4.
56

±
0.

6
3.

70
±

0.
4

C
lu

b
9

M
ea

n
±

SD
3.

78
±

0.
7

3.
55

±
0.

8
2.

57
±

1.
0

3.
61

±
0.

7
3.

81
±

0.
8

4.
13

±
1.

1
2.

20
±

07
3.

63
±

0.
4

4.
53

±
0.

5
3.

08
±

0.
6

C
lu

b
10

M
ea

n
±

SD
3.

68
±

0.
9

3.
66

±
0.

8
2.

66
±

0.
9

3.
80

±
0.

6
3.

96
±

0.
5

3.
68

±
0.

7
3.

13
±

1.
1

3.
80

±
0.

8
4.

26
±

0.
8

3.
38

±
0.

8

C
lu

b
11

M
ea

n
±

SD
3.

83
±

0.
9

3.
33

±
1.

0
2.

13
±

0.
9

3.
98

±
0.

7
4.

10
±

0.
7

4.
16

±
1.

0
2.

58
±

0.
7

3.
88

±
0.

5
4.

48
±

05
3.

62
±

1.
2

C
lu

b
12

M
ea

n
±

SD
3.

98
±

06
3.

91
±

1.
0

2.
42

±
1.

0
3.

36
±

0.
9

3.
40

±
0.

9
4.

33
±

0.
5

2.
38

±
1.

0
3.

48
±

0.
8

4.
26

±
0.

7
3.

52
±

0.
9

SD
:s

ta
nd

ar
d

de
vi

at
io

n.
C

lu
b

1:
C

A
B;

C
lu

b
2:

U
ST

;C
lu

b
3:

C
A

;C
lu

b
4:

ES
S;

C
lu

b
5:

A
SS

;C
lu

b
6:

C
SS

;C
lu

b
7:

ES
M

;C
lu

b
8:

U
SB

;C
lu

b
9:

U
SM

O
;C

lu
b

10
:A

SR
;C

lu
b

11
:E

ST
;C

lu
b

12
:O

B.

291



Healthcare 2023, 11, 1053

4. Discussion

This present study showed that Tunisian professional soccer players simultaneously
use positive and negative coping strategies during the fasting month of Ramadan, whereas
they use active coping strategies before and after Ramadan fasting. Furthermore, the results
of the current study demonstrated that there is a significant effect of Ramadan fasting on the
coping strategies of the footballers. Therefore, the study findings supported the proposed
hypothesis. Understanding the associations between coping strategies and Ramadan
fasting can help Muslim athletes obtain possible strategies for coping with Ramadan
and further help them improve sports performance. Specifically, there are conflicting
findings on the effects of Ramadan on performance in general and football [25]. Some
studies provided evidence regarding how Ramadan fasting associated with several aspects
of performance, as well as the cognitive element of adaptation, which agree with prior
research’s findings [15–17,23–25,34,49]. On the other hand, several other studies did not
identify any effect of Ramadan fasting on the performance of Muslim athletes, especially
for those who have developed coping strategies to cope with Ramadan fasting [7,44,50,51].

The present study revealed that task-oriented active coping was the most used to
distinguish the coping pattern in most Tunisian professional soccer players before and after
Ramadan fasting. This type of coping strategy, in which the athlete directly confronts the
threatening situation, is positively associated with performance [42–44]. Although it comes
from different contexts, the strategies of effort expenditure, thought control, mental imagery,
logical analysis, relaxation, and seeking support remain the most used task-oriented coping
strategies during Ramadan. The study of Farooq et al. [30] reported that elite footballers
held negative beliefs and attitudes toward Ramadan fasting. Psychological stress in soccer
players is a critical variable due to altered circadian clock and mood disturbances during
Ramadan fasting [5–7,16]. On the other hand, the study of Zerguini et al. [32] concluded
that biochemical, nutritional, subjective well-being, and performance variables were not
negatively affected in young male national-level players who followed fasting of Ramadan
in a controlled environment.

Although there is no special mental preparation aimed at helping Tunisian professional
footballers during Ramadan, the self-adaptation that the Muslim athlete tries to use, in ad-
dition to the spiritual environment that surrounds him, all these factors help him to face the
pressure imposed by the fasting system in the month of Ramadan. Studies show that social
support around the athlete, along with the strength of spiritual beliefs [24], and choosing
the best coping strategy may be a moderate variable in dealing with stressors that have
arisen during Ramadan fasting [33]. According to Afacan [29], the adaptation strategies
of Turkish professional footballers have been categorized into four dimensions: training,
nutrition, lifestyle, and mental changes. It has also been determined that professional
soccer players frequently use training and nutrition strategies. Meanwhile, other studies
have recognized that mental preparation before fasting during Ramadan is necessary to
acquire proactive coping skills [5,29,41,52]. The study of Fenneni et al. [53] confirms that
experienced athletes, i.e., more trained athletes, have better-coping strategies than begin-
ners. However, the coping methods of Ramadan fasting could be impacted by spiritual bias.
Specifically, prior evidence shows that people engaging in Ramadan fasting may consider
that physical discomfort was because of God’s instruction [54]. In this regard, they may not
be aware of using inappropriate coping methods and result in poor physical outcomes.

Limitations and Recomandations

In the present study, we examined the coping strategies used by footballers belonging
to the Tunisian first professional league. Regarding the sample size of the current study, we
focused on the main players who regularly participate in official matches. The experimental
protocol adopted in the present study was carried out in three periods, before, during,
and after the month of Ramadan. Therefore, submitting participants to four measures
(familiarization, measures 1, 2, and 3), is considered among the limitations of this study. It
was very difficult to pass the questionnaire, especially after a negative performance which
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can influence the credibility of the answers. In addition, measuring their height and weight
for body mass index (BMI) calculation in three sessions within a short period is also one of
the limitations of the current study.

This study attempts to shed light on the footballer’s relationship with Ramadan fasting
in Tunisia. But the Ramadan fast still requires studies and clarifications, particularly at the
level of other categories of athletes (women and young athletes, etc.) as well as at the level
of other sports disciplines (handball, athletics, combat sports...). Studies in this area can
also be expanded to include sedentary people. Thus, it is necessary to carry out several
other studies to determine whether fasting during the month of Ramadan has a positive or
negative effect on sports performance and the extent of its impact on the diet and lifestyle
of the athlete in particular and sedentary people in general.

Although revealing exciting results, this study has some limitations that should be
mentioned. First, the most important is that all the study measurements were taken
during the Coronavirus (Covid-19) period in 2021. Second, the use of the questionnaire
via the self-report method is a limitation. According to Fortes [35], the use of Likert scale-
based questionnaires in repeated measures surveys can make an educational impact. A
measure of the effect of dietary change during Ramadan was not available. In addition,
psychobiological signals such as cortisol and testosterone were not evaluated during testing
as we were unable to collect blood and urine samples during this study. It was also more
appropriate for us to measure the effect of Ramadan fasting on the coping strategies of
Tunisian professional football players. Lastly, we did not use any external validity control
to select our participants. Therefore, the present study might have some selection bias, and
the present findings might have restricted external validity.

5. Conclusions

This study is one of the few attempts to examine the effects of Ramadan fasting on
the coping profile of fasting Tunisian professional footballers. The results showed that
the adaptation profile of footballers during Ramadan is unstable and irregular, which is
significantly affected by fasting, which supported the current study hypothesis. In the
period of Ramadan fasting, professional soccer players use both active task-oriented and
passive coping strategies toward disengagement and distraction. In contrast, they use
active coping strategies before and after Ramadan fasting. Thus, from a practical point of
view, integrating a mental preparation program to develop coping strategies before the
Ramadan fast seems to be an appropriate intervention strategy. However, further research
is warranted due to the shortcomings mentioned above.

In summary, for Muslim athletes, fasting in the month of Ramadan is generally
considered an essential religious and spiritual duty. Despite the difficulties caused by
fasting in the month of Ramadan on the physical and mental levels, the Muslim athlete
tries to resist these difficulties by using particular coping strategies which help him to face
this stressful situation.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/healthcare11071053/s1, Table S1: Questionnaire for the assessment
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Abstract: Coronavirus disease (COVID-19), an infectious disease caused by the SARS-CoV-2 virus,
has affected numerous aspects of human functioning. Social contacts, work, education, travel, and
sports have drastically changed during the lockdown periods. The pandemic restrictions have
severely limited professional athletes’ ability to train and participate in competitions. For many who
rely on sports as their main source of income, this represents a source of intense stress. To assess the
dynamics of perceived stress as well as coping strategies during different waves of the COVID-19
pandemic, we carried out a longitudinal study using the Perception of Stress Questionnaire and the
Brief COPE on a sample of 2020 professional athletes in Poland, Romania, and Slovakia. The results
revealed that in all three countries, the highest intrapsychic stress levels were reported during the
fourth wave (all, p < 0.01) and the highest external stress levels were reported before the pandemic
(p < 0.05). To analyze the data, analyses of variance were carried out using Tukey’s post hoc test and
η2 for effect size. Further, emotional tension was the highest among Polish and Slovak athletes in the
fourth wave, while the highest among Romanian athletes was in the pre-pandemic period. The coping
strategies used by the athletes in the fourth wave were more dysfunctional than during the first
wave (independent t test and Cohen’s d were used). The dynamics of the coping strategies—emotion
focused and problem focused—were also discussed among Polish, Romanian, and Slovak athletes.
Coaches and sports psychologists can modify the athletes’ perceived stress while simultaneously
promoting effective coping strategies.

Keywords: sport; athlete; coping with stress; SARS-CoV-2; COVID-19; cross-cultural research
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1. Introduction

SARS-CoV-2 (severe acute respiratory syndrome coronavirus 2) caused the coronavirus
disease 2019 (COVID-19), which was classified as a pandemic by the World Health Organi-
zation in March of 2020, only a few months after the first case was detected in December of
2019 [1]. The dynamics of transmission, severe health consequences, and high mortality of
infected patients were reported in many societies. Thus, many governments decided to
introduce restrictions aimed at limiting the transmission of the virus [2]. Personal protective
measures, such as face masks, frequent hand disinfecting, and social distancing, proved
insufficient to stop the pandemic entirely. Many countries also introduced lockdowns,
which forced people to stay home, thus, limiting physical and sports activity [3].

The lockdowns were intended to protect against infection but, unfortunately, they
resulted in negative health consequences, such as weight anxiety and depression in-
creases [4,5]. Individual countries tried to limit the spread of COVID-19 by means of
various restrictions and staying indoors (people being confined to their homes), situations
that impacted the general population’s mental health (people did not have an adequate
space in which to work or exercise) [6,7]. It was assumed that COVID-19′s droplet trans-
mission may be facilitated by strenuous physical activity, which results in deep lung
ventilation [8]. Due to the lockdowns, sports halls and gyms were closed and outdoor
physical activity was banned. Many people who were physically active were forced to
suspend training almost overnight. Studies on athletes from over 140 countries showed that
lockdowns led to lower intensity, frequency, and duration of training [9]. For professional
athletes, lockdowns led to violations in long-term, rigorous training plans, inability to
prepare for competitions, and canceling or severely limiting sports events [10]. For some of
them, this may have caused an early end to their career due to their age and the inflexible
schedules of global events [11]. The COVID-19 crisis decreased athletes’ functional psy-
chobiosocial states, e.g., cognitive, emotional, motivational, volitional, motor-behavioral,
communicative, etc. (for psychobiosocial state examples, see [12]), while increasing their
dysfunctional psychobiosocial states [13]. Even during the rebooting of sport activities,
despite the resumption of sport activities, athletes experienced a detrimental situation,
their mental health being still affected [14]. Further, increased stress and anxiety were
common themes affecting student athletes’ experiences when returning to sport amidst the
COVID-19 pandemic [15].

Professional athletes who rely on sports as their main source of income found them-
selves in a difficult situation, as their physical activity was reduced and, thus, their income
from broadcasting competitions, advertising, and awards dropped to almost zero. Re-
stricting sports activities had a negative effect on athletes’ health, but it was not effective
in preventing the spread of COVID-19 in this population group [16]. Athletes’ mental
status naturally influences their functioning. A global sense of threat, social isolation, and
uncertainty about the future may lead to anxiety, depression, and chronic stress [17].

Effective coping strategies reduced the stress experienced by athletes during the
COVID-19 pandemic [15,18]. More specifically, positive reframing helps athletes to main-
tain a positive mood state and reduce distress, while self-blaming and behavioral disen-
gagement are coping strategies that negatively influence athletes’ mood. Regarding coping,
it represents the conscious use of affective, cognitive, or behavioral efforts to effectively
deal with demands, events that the individual perceives as potentially harmful or unpleas-
ant [19]. The outcome of coping efforts is to reduce psychological distress, improve mental
well-being and reduce physiological reactions that may impair performance [20,21]. The
coping literature [22,23] discusses identifying the athlete’s cognitive appraisal regarding
the situation in which he/she is found (in training or competition). Larazus and Folk-
man [23] categorized appraisal as non-stressful (positive, harmless) or stressful, while
stress appraisals were designated as threatening or challenging. Hoar et al. discussed
(within another appraisal framework) the importance of perceived control. As authors
mentioned, taking into account that perceived control can change over time, coping re-
sponses can become more or less effective (even well-learned coping strategies can be
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modified, as a consequence of environmental demands) [24]. Considering problem-focused
and emotional approach coping, specialized literature underlines that men engage in more
problem-focused coping, whereas women resort to more emotional-approach coping [25].
As stated, men who are using more emotion-focused coping strategies seemed to register
higher levels of positive affect.

During the COVID-19 pandemic, physical activity can “generate and maintain re-
sources combative of stress and protective of health” [26]. Significantly lower mental and
physical health was found in individuals with the highest decrease in physical activity
during the pandemic. Considering professional cyclists, those who followed a Sport Psy-
chology Intervention (online) during the pandemic coped better with sport psychological
stressors (no significant improvements were found, however, for sport social and for sport
emotional well-being factors) [27]. In order to cope with negative psychological effects
arising from the pandemic, researchers discussed the benefits of mental toughness train-
ing in the case of athletes [28], important aspects, since professional athletes obtained
lower values for the agreeableness factor (during the pandemic crisis), compared to non-
professionals [29]. Counselling athletes in an unprecedented situation, as in the COVID-19
pandemic, is very important for acquiring healthy behaviors. For example, mindful ac-
tivities related to the body—the experience of one’s body as trustworthy and safe—could
reduce distress in athletes and increase positive stress [14]. Training regimens should be
introduced as standard habits for well-being and health, especially for women and novice
athletes, who registered higher levels of negative stress (distress) [13].

Each country is characterized by different dynamics of COVID-19 infections, resulting
from, among others, the implemented prevention methods, the number of social contacts
and foreign travels, national age average, healthcare quality, and economic conditions.

The purpose of the current research was to investigate the dynamics of stress perceived
by Polish, Romanian, and Slovak athletes during the first four waves of the COVID-19
pandemic and to establish the changes in coping strategies between the first and fourth
waves. The following research questions were put forward:

1. What were the dynamics of emotional, external, and intrapsychic stress before the pan-
demic and during different waves among athletes in Poland, Romania, and Slovakia
(country split and wave split)?

2. What were the dynamics of perceived emotional tension, external stress, and in-
trapsychic stress in the total sample of athletes (regardless of country) throughout the
research periods (until the fourth wave of the pandemic)?

3. What are the differences in the frequency of using strategies of coping with stress
among athletes in the first and fourth waves of the pandemic?

2. Materials and Methods
2.1. Design

Data collection was carried out from November 2019 to January 2020 (the pre-pandemic
period) as well as during or in the proximity of the first, second, third, and fourth waves
of the COVID-19 pandemic (see Table 1). For example, in Romania, the peak of illnesses
was recorded on 18 November 2020 (for the second wave) and on 25 March 2021 for the
third wave. It is worth mentioning, also, that the first case of the SARS-CoV-2 coronavirus
appeared in Poland on 4 March 2020, in Romania on 25 February, and in Slovakia on
6 March 2020. When completing the Perception of Stress Questionnaire, the instruction
was as follows: “Please describe your thoughts, behaviors, fears and hopes as you have
experienced them lately (in the last few weeks) and currently”. Data collection was carried
out in Poland, Romania, and Slovakia and was concluded at the beginning of 2022. It
is important to emphasize that in November 2019 (when data collection began) nobody
knew about COVID-19. The original research idea of analyzing the stress experienced by
athletes from Poland, Romania, and Slovakia at time t0 (the moment they completed the
survey) and the coping strategies used were restructured to conduct a longitudinal study,
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in order to observe the dynamics of athletes’ perceived stress (during different waves of
the pandemic) and coping strategies used to deal with stress.

Table 1. Descriptive statistics and data collection timetable.

Country Research Period n Men Women Mage SD

Poland
Before the Pandemic

11.2019–1.2020

314 186 128 22.85 3.25
Romania 221 133 88 21.86 3.60
Slovakia 91 51 40 23.27 2.28

Poland
1st wave
4–6.2020

134 84 50 26.40 4.98
Romania 145 85 60 25.22 5.65
Slovakia 111 67 44 23.73 6.05

Poland
2nd wave
10–12.2020

63 31 32 24.25 4.77
Romania 171 112 59 20.82 5.77
Slovakia 99 48 51 23.32 9.10

Poland
3rd wave
4–6.2021

76 40 36 23.39 3.69
Romania 99 57 42 21.34 3.84
Slovakia 94 40 54 22.60 5.28

Poland
4th wave

10–12.2021

127 60 67 26.16 4.49
Romania 174 103 71 22.21 5.84
Slovakia 101 49 52 23.94 3.91

M, mean age in years; SD, standard deviation.

2.2. Participants

A total of 2020 professional athletes took part in the study, practicing various sports
disciplines: handball, soccer, martial arts (kickboxing, judo, fencing, karate, MMA, taek-
wondo), rugby, basketball, athletics, aerobic and artistic gymnastics, volleyball, tennis, and
swimming (a total of sixteen sports disciplines in each country). The inclusion criteria were
a career of at least two years of training in a specific sport branch, under the supervision
of a coach and a minimum age of 18 years (seniors). Athletes have been practicing the
sports disciplines (in the entire sample) for an average of 8.3 years. About 82% of the partic-
ipants achieved local/regional level performances, approximately 12% registered national
performances (being national champions, vice-champions, or being part of the national
teams in the branch of sport practiced), while about 6% obtained international results (at
World or European level, only martial arts athletes). In each research period/wave of the
pandemic and in each country, athletes having local/regional, national, and international
performances were investigated. No missing values were identified due to the online
survey/submission in which all items had to be rated. In the preliminary analysis of the
data, using stem and leaf, eighteen cases (in the total sample) were recognized as outliers
and excluded from further investigation. Thus, we retained 2020 athletes (from the total
sample of 2038 eligible athletes). It is relevant, also, to highlight that approximately 70% of
the athletes tested in each research period/in every wave of the pandemic (in each coun-
try) were tested also in the pre-pandemic period. Table 1 shows the athletes’ descriptive
statistics divided by gender, age, and data collection period.

The data collection carried out in the third wave of the pandemic (from April to the
end of June 2021) presented a smaller number of people surveyed. To avoid a sample size
reduction, 3rd wave data were not included in subsequent statistical analyses.

2.3. Instruments

Personal data were collected using an ad hoc questionnaire regarding personal and
sociodemographic data. It comprised four items measuring the participants’ age, gender,
years of training, and sport type.

Stress was measured using the Perception of Stress Questionnaire, comprising 21 items
which form three scales: Emotional tension (7 items, e.g., “I get nervous more often than
I used to, and for no obvious reason”), External stress (7 items, e.g., “I feel drained by
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constantly having to prove I am right”), and Intrapsychic stress (7 items, e.g., “Thinking
about my problems makes it hard for me to fall asleep”) [30]. The generalized stress
level (total score) is the sum of the following scales: Emotional tension, External stress, and
Intrapsychic stress. Participants answer each item on a five-point Likert-type scale from
1 (definitely disagree) to 5 (definitely agree). The Cronbach’s α reliability coefficient in the
Polish sample was as follows: emotional tension: from 0.75 to 0.81; external stress: from 0.68
to 0.74; intrapsychic stress: from 0.77 to 0.80. The Cronbach’s α reliability coefficient in the
Romanian sample was as follows: emotional tension: from 0.59 to 0.79; external stress: from
0.65 to 0.82; intrapsychic stress: from 0.72 to 0.85. The Cronbach’s α reliability coefficient in
the Slovak sample was as follows: emotional tension: from 0.68 to 0.78; external stress: from
0.63 to 0.75; intrapsychic stress: from 0.72 to 0.80. The Perception of Stress Questionnaire
has been used in studies of athletes [30] including Romanian and Slovak athletes. The
translation of the questionnaire in Romanian and Slovak language was carried out with the
consent of the author (Makarowski Ryszard) and respecting the author’s recommendations.
First, the original Polish version was translated into English and then translated into Polish
by translators with psychological experience. The final Romanian and Slovak versions of
the English version were created through retroversion, compared and used in the study
(this procedure has been used in previous research [31]).

Using the Brief COPE questionnaire, we measured the strategies of coping with stress.
It comprises 28 items covering 14 coping strategies: self-distraction, active coping, denial,
substance use, use of emotional support, use of instrumental support, behavioral disengagement,
venting, positive reframing, planning, humor, acceptance, religion, and self-blame (two items for
each strategy) [32]. The participants indicate their frequency of using each coping strategy
on a four-point Likert-type scale, from 1 (I have not been doing this at all) to 4 (I have been
doing this a lot). In all data collection periods, the Cronbach’s α reliability coefficients for
each subscale in the Polish, Romanian, and Slovak versions ranged from 0.48 to 0.94.

The 14 coping strategies of the Brief COPE questionnaire can be grouped in several
ways. In the current study, we decided to divide them into three groups: emotion-focused
strategies (emotional support, positive reframing, acceptance, religion, humor), problem-
focused strategies, (active coping, planning, use of informational support), and dysfunc-
tional strategies (venting, denial, substance use, behavioral disengagement, self-distraction,
self-blame), according to the model by Su et al. [33]. This model was also used in other
studies on athletes and other samples in many countries [34–38].

2.4. Procedure

Participants were informed about the study aim and procedure. They were also
informed about the anonymity of the collected data and the right to withdraw their partic-
ipation at any time without having to provide a reason. Informed consent was obtained
from all participants. Furthermore, this study was conducted in accordance with the
recommendations of the Declaration of Helsinki, the Polish Psychological Association’s
Psychologist’s Code of Ethics, the Slovak Psychological Association, and the Romanian
Psychological Association and it was approved by the Ethics Committee of the National
University of Physical Education and Sports in Bucharest, Romania (ID: 1185).

2.5. Data Analysis

All the standard statistical analyses were conducted using the Statistica v. 13 software.
Data were presented by means and standard deviations. Analysis of variance was carried
out using Tukey’s T test for unequal sample sizes. Independent t test was also used.
The statistical significance was set at a p-value of ≤0.05 and effect size (Cohen’s d) was
interpreted as follows: ≤0.2, trivial; >0.2, small; >0.6, moderate; >1.2, large; >2.0, very large;
>4.0, nearly perfect [39]. Considering η2 the range intervals were: 0.01, small effect; 0.06,
medium; 0.14, large effect [40]. All variables were normally distributed, with skewness
coefficients in absolute value being less than 1 [41]. The assumption of the equality of
variance was verified by Levene’s test (p > 0.05, see Table 2).
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Table 2. Stress levels in Polish, Romanian, and Slovak athletes before the COVID-19 pandemic and
during the first, second, and fourth waves.

Country Pandemic n
Emotional Tension External Stress Intrapsychic Stress Total Score

M SD M SD M SD M SD

Po
la

nd

0 314 17.72 5.66 18.52 5.40 14.20 5.37 50.46 16.66
1st wave 134 17.05 5.50 17.08 5.07 12.32 4.72 46.48 16.70
2nd wave 63 15.73 6.30 17.49 5.99 13.31 5.33 46.54 16.61
4th wave 127 18.19 6.65 17.60 5.58 15.83 5.67 51.64 16.31

F 2.87 (p = 0.035) 2.61 (p = 0.051) 9.98 (p = 0.001) 3.97 (p = 0.010)
Levene’s test 2.98 (p = 0.531) 1.34 (p = 0.254) 1.47 (p = 0.211) 73.63 (p = 0.237)

differences 0:2 *; 1:2 *; 4:(1.2) * 0:1 * 0:1 **; 0:4 *; 4:(1.2) ** 0:(1.2) ***;
4:(1.2) ***; 0:4 *

Eta2 (η2) 0.01 0.01 0.04 0.015

R
om

an
ia

0 221 18.41 5.89 19.68 5.53 15.50 4.82 53.60 14.69
1st wave 145 15.92 6.12 16.50 5.42 13.48 4.97 45.91 15.23
2nd wave 171 15.39 5.61 16.82 5.37 13.10 4.92 45.32 15.25
4th wave 174 17.17 7.24 16.50 5.53 16.28 5.89 49.95 16.86

F 8.79 (p < 0.001) 16.28 (p < 0.001) 14.95 (p < 0.001) 11.83 (p = 0.002)
Levene’s test 7.68 (p = 0.082) 6.03 (p = 0.092) 4.15 (p = 0.068) 2.88 (p = 0.544)

differences 0:(1.2) **; 0:4 *;
4:(1.2) * 0:(1.2.4) *** 0:(1.2) **;

4:(1.2) **
0:(1.2.4) ***;
1:4 **; 2:4 **

Eta2 (η2) 0.04 0.07 0.07 0.066

Sl
ov

ak
ia

0 91 17.97 4.82 20.25 4.46 15.75 4.12 53.98 13.06
1st wave 111 17.44 5.00 18.90 4.11 15.09 4.15 51.43 12.17
2nd wave 99 16.42 6.00 18.47 5.65 14.45 4.91 49.35 16.14
4th wave 101 18.74 6.21 18.68 5.11 18.48 5.12 55.91 14.87

F 3.11 (p = 0.026) 2.55 (p = 0.054) 14.99 (p < 0.001) 4.69 (p = 0.003)
Levene’s test 6.41 (p = 0.513) 4.75 (p = 0.083) 2.85 (p = 0.080) 5.93 (p = 0.062)
differences 0:2 *; 2:4 **; 1:4 * 0:(1.2.4) * 0:(2.4) *; 4:(1.2) ** 4:(1.2) ***
Eta2 (η2) 0.02 0.02 0.11 0.031

0—before the pandemic. * p ≤ 0.05. ** p ≤ 0.01. *** p ≤ 0.001. η2 = 0.06 indicates a medium effect.

3. Results

Table 2 shows the analysis of variance results with the pandemic stage, that is, the
pre-pandemic period and all four subsequent pandemic waves, as the grouping variable.
The analyses were carried out separately for each national subsample (country split).
Considering the significant differences observed between the research periods/waves of
the pandemic (in each country and for each subscale of the Polish, Romanian, and Slovak
versions), d value ranged from 0.22 to 0.80 (the smallest effect sizes were observed in each
country for the total score).

The obtained results show that the highest overall stress levels among Polish and
Slovak athletes were reported during the fourth wave of the pandemic. Romanian athletes
reported the highest overall stress in the pre-pandemic period. In all three countries, the
highest intrapsychic stress levels were reported during the fourth wave and the highest
external stress levels were reported before the pandemic. Emotional tension was the highest
among Polish and Slovak athletes in the fourth wave and, among Romanian athletes, before
the pandemic. η2 (the overall effect size) indicates, generally, small or moderate to small
differences between the examined waves of the pandemic (considering athletes’ perceived
stress). Only for intrapsychic stress were moderate to strong differences found (in Romanian
and Slovak athletes).

The obtained data show that all stress dimensions significantly decreased during the
first and second wave of the pandemic but increased significantly during the fourth wave
(except external stress where no significant differences were found compared to the first
two waves). The highest increase was observed for intrapsychic stress. Eta2 values (the
overall effect size) are: 0.02 (for emotional tension), 0.03 (for external stress), respectively,
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0.06 (for intrapsychic stress), emphasizing moderate to small (respectively medium) differ-
ences between the research periods/waves of the pandemic, taking into account (in each
investigated wave) the total sample of athletes (regardless of country).

Table 3 shows the differences in perceived stress (between countries, in each wave of
the pandemic wave split) among the surveyed athletes.

Table 3. Stress levels in Polish, Romanian and Slovak athletes before the COVID-19 pandemic and
during the first, second, and fourth waves (analysis of differences between countries).

Pandemic Country N
Emotional Tension External Stress Intrapsychic Stress Total Stress

M SD M SD M SD M SD

Before
pandemic

Poland 314 17.72 5.66 18.52 5.41 14.20 5.37 50.46 16.66
Romania 221 18.41 5.89 19.68 5.53 15.50 4.82 53.60 14.69
Slovakia 91 17.79 4.82 20.25 4.46 15.75 4.12 53.98 13.06

F 0.88 5.19 6.00 3.97
Levene’s test 3.60 (p = 0.058) 4.78 (p = 0.088) 7.70 (p = 0.051) 7.57 (p = 0.101)
differences NS 1:3 * 1:2 * 1:2 *; 1:3 *
Eta2 (η2) 0.003 0.02 0.02 0.01

1st wave

Poland 134 17.05 5.50 17.08 5.07 12.32 4.72 46.48 16.70
Romania 145 15.92 6.12 16.50 5.42 13.48 4.97 45.91 15.23
Slovakia 111 17.44 5.00 18.90 4.11 15.09 4.15 51.43 12.17

F 2.61 7.71 10.64 6.99
Levene’s test 10.39 (p = 0.052) 5.98 (p = 0.070) 2.62 (p = 0.59) 6.93 (p = 0.065)
differences 1:2 *; 2:3 * 1:3 *; 2:3 *** 1:2 *; 2:3 * 1:3 ***; 2:3 ***
Eta2 (η2) 0.01 0.04 0.09 0.03

2nd wave

Poland 63 15.73 6.30 17.49 5.99 13.31 5.33 46.54 16.61
Romania 171 15.39 5.61 16.82 5.37 13.10 4.92 45.32 15.25
Slovakia 99 16.42 6.00 18.47 5.65 14.45 4.91 49.35 16.14

F 0.988 2.73 2.40 10.38
Levene’s test 0.98 (p = 0.37) 2.76 (p = 0.65) 2.36 (p = 0.095) 2.25 (p = 0.101)
differences 2:3 * 2:3 * 1:3 *; 2:3 * 1:3 *; 2:3 **
Eta2 (η2) 0.005 0.01 0.01 0.01

4th wave

Poland 127 18.19 6.65 17.60 5.58 15.83 5.67 51.64 16.31
Romania 174 17.17 7.24 16.50 5.53 16.28 5.89 49.95 16.86
Slovakia 101 18.74 6.21 18.68 5.11 18.48 5.12 55.91 14.87

F 1.90 5.27 7.01 4.36
Levene’s test 2.54 (p = 0.079) 1.22 (p = 0.295) 1.85 (p = 0.158) 2.27 (p = 0.103)
differences 2:3 * 2:3 * 1:3 *; 2:3 * 1:2 *; 1:3 **; 2:3 ***
Eta2 (η2) 0.01 0.02 0.03 0.02

NS, not significant. 1-Poland, 2-Romania, 3-Slovakia. * p ≤ 0.05. ** p ≤ 0.01. *** p ≤ 0.001. η2 = 0.06 indicates a
medium effect.

The highest level of stress in individual waves of the pandemic occurred in Slovakia.
The lowest level of general stress was recorded in athletes from Romania (except for the
tests performed before the pandemic). The overall effect size (η2) shows, generally, small
or moderate to small differences between the three countries when talking about athletes’
perceived stress, in each examined wave of the pandemic.

To examine whether and how the frequency of using coping strategies by athletes
changed between the first and fourth waves of the pandemic, independent t-test was
carried out. The results are shown in Table 4.
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Table 4. Strategies of coping with stress among Polish, Romanian, and Slovak athletes during the
first and fourth waves of the pandemic.

Country Coping Strategies
1 Wave 4 Wave

t p d
M SD M SD

Po
la

nd

Active coping 4.48 1.32 4.27 1.16 1.391 0.165 0.17
Planning 4.61 1.35 4.29 1.26 1.992 0.047 0.24

Positive reframing 3.28 1.44 2.67 1.44 3.447 0.001 0.42
Acceptance 4.14 1.37 4.11 1.24 0.177 0.860 0.02

Humor 2.82 1.55 2.45 1.35 2.042 0.042 0.25
Religion 2.38 2.12 1.68 1.87 2.835 0.005 0.35

Emotional support 3.33 1.83 3.54 1.67 –0.988 0.324 0.12
Use of informational support 3.20 1.81 3.17 1.43 0.154 0.878 0.02

Self-distraction 3.16 1.45 3.29 1.46 –0.726 0.468 0.09
Denial 1.60 1.46 1.70 1.37 –0.540 0.590 0.07

Venting 2.51 1.39 2.84 1.23 –2.029 0.043 0.25
Substance use 0.98 1.57 0.77 1.23 1.225 0.222 0.15

Behavioral disengagement 1.00 1.13 1.43 1.18 –3.027 0.003 0.37
Self-blame 2.45 1.66 2.65 1.64 –0.983 0.326 0.12

Emotion-Focused strategies 15.94 5.30 14.45 4.82 2.390 0.018 0.29
Problem-Focused strategies 12.29 3.68 11.73 2.62 1.428 0.154 0.18

Dysfunctional strategies 11.70 4.94 12.66 4.78 –1.622 0.106 0.20

R
om

an
ia

Active coping 4.85 1.19 4.55 1.39 2.022 0.044 0.23
Planning 4.53 1.16 4.41 1.41 0.825 0.410 0.09

Positive reframing 3.31 1.52 3.14 1.55 0.980 0.328 0.11
Acceptance 4.07 1.35 4.05 1.51 0.141 0.888 0.02

Humor 3.23 2.00 3.06 2.07 0.733 0.464 0.08
Religion 2.63 1.98 2.39 1.87 1.113 0.267 0.12

Emotional support 3.90 1.63 3.84 1.75 0.315 0.753 0.04
Use of informational support 3.63 1.63 3.83 1.73 –1.093 0.275 0.12

Self-distraction 3.24 1.48 3.47 1.70 –1.313 0.190 0.15
Denial 1.41 1.65 1.75 1.72 –1.813 0.071 0.20

Venting 2.96 1.81 3.29 1.85 –1.608 0.109 0.18
Substance use 0.55 1.27 0.69 1.42 –0.902 0.368 0.10

Behavioral disengagement 0.94 1.34 1.27 1.61 –1.991 0.047 0.22
Self-blame 2.65 1.82 2.91 1.81 –1.280 0.202 0.14

Emotion-Focused strategies 17.15 5.13 16.49 5.55 1.094 0.275 0.12
Problem-Focused strategies 13.01 2.83 12.80 3.53 0.578 0.564 0.07

Dysfunctional strategies 11.75 5.89 13.39 6.63 –2.318 0.021 0.26

Sl
ov

ak
ia

Active coping 4.03 1.37 4.51 1.32 –2.388 0.018 0.36
Planning 3.63 1.43 4.21 1.47 –2.666 0.008 0.40

Positive reframing 3.04 1.41 2.87 1.40 0.852 0.395 0.13
Acceptance 3.55 1.29 4.16 1.48 –2.849 0.005 0.44

Humor 1.93 1.77 2.10 1.93 –0.611 0.542 0.09
Religion 1.91 1.96 1.57 1.90 1.194 0.234 0.18

Emotional support 3.82 1.46 3.81 1.56 0.033 0.974 0.00
Use of informational support 3.24 1.44 3.70 1.66 –1.946 0.053 0.30

Self-distraction 3.06 1.37 3.47 1.59 –1.802 0.073 0.28
Denial 1.12 1.16 1.25 1.45 –0.658 0.511 0.10

Venting 2.69 1.20 3.08 1.38 –2.003 0.047 0.31
Substance use 0.70 1.28 0.69 1.33 0.076 0.940 0.01

Behavioral disengagement 3.55 1.26 3.88 1.53 –1.520 0.130 0.23
Self-blame 2.06 1.62 2.18 1.65 –0.486 0.628 0.07

Emotion-Focused strategies 14.25 4.62 14.50 4.55 –0.360 0.719 0.05
Problem-Focused strategies 10.90 2.90 12.42 3.07 –3.377 0.001 0.51

Dysfunctional strategies 13.18 3.70 14.55 4.43 –2.184 0.030 0.34

M, mean. SD, standard deviation. d, Cohen’s effect size.

Analyzing the dynamics of coping strategy use between the first and fourth waves
of the COVID-19 pandemic, it can be observed that emotion-focused strategies became less
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frequent among Polish athletes. Regarding individual coping strategies, behavioral disen-
gagement and venting became more frequent, while planning, positive reframing, and humor
became less frequent. No significant changes in the frequency of the other individual
coping strategies were observed.

1. Among Romanian athletes, dysfunctional strategies became more frequent. Regarding
individual coping strategies, a decrease in the frequency of using active coping and an
increase in using behavioral disengagement were observed. Neither of the other individ-
ual coping strategies was used significantly more frequently in the fourth wave.

2. In the Slovak athlete subsample, the frequency of using problem-focused strategies and
dysfunctional strategies increased. Regarding individual coping strategies, active coping,
planning, acceptance, and venting became more frequent. Neither of the other individual
coping strategies was used significantly less or more frequently in the fourth wave.

3. It is worth noting that dysfunctional strategies became noticeably more frequent in
each national subsample during the fourth wave (this difference was not statistically
significant in the Polish athlete subsample).

4. Discussion

The emergence of the COVID-19 pandemic changed the structure and functioning
of the world as we know it, permanently and suddenly. Such a significant threat has not
been experienced by many European countries for a long time. The coronavirus disease
has impacted nearly all aspects of human functioning. Numerous strains have increased
the intensity of experienced stress and initiated the activization of coping strategies [42–44].
Social contacts, working, transport, spending free time, and engaging in physical activity
have changed noticeably. For professional athletes, limiting the opportunities for training
and canceling or delaying sports events represented a significant challenge [45]. These
situations occurred due to the lockdown periods (as preventive measures for reducing
COVID-19 spread), because of the infections (or the fear of infection) of athletes, coaches,
sports managers, and organizers of sports competitions. In an attempt to identify most of
the infected athletes worldwide before August 2020 (according to gender, age, symptoms,
sport level, or location of the contraction of infection), researchers found 521 COVID-19-
positive athletes [46]. It seems that most infected athletes practiced soccer and basketball
(as authors asserted, the cases do not represent all of the infected athletes). Considering
that globally, as of 5:44 p.m. CEST, 24 August 2022, there have been 595,219,966 confirmed
cases of COVID-19 reported to the World Health Organization (WHO) [47], but it is very
difficult to identify the number of COVID-19 infections among athletes (more so as there
are professional athletes, amateur, college, junior, or senior athletes and some of them
were asymptomatic).

Significantly restricted training opportunities, canceled or delayed events, and reduced
income have compounded the universal concerns about one’s own health and the health of
one’s family. Thus, the aim of the current study was to identify the stress level dynamics
during the first four waves of the COVID-19 pandemic, in Polish, Romanian, and Slovak
athletes, and to establish the changes in coping strategies between the first and fourth
waves. The dependent variable was the level of stress under study, namely emotional
tension, external stress, and intrapsychic stress. The independent variables (the variable
playing the role of IVs) were three countries: Poland, Slovakia, and Romania; the research
period: before the pandemic and the first, second, and fourth wave of the pandemic. An
additional dependent variable was the way of coping with stress. The results revealed that
in all three countries, the highest intrapsychic stress levels were reported during the fourth
wave and the highest external stress levels were reported before the pandemic. Further, the
coping strategies used by the athletes in the fourth wave were more dysfunctional than
during the first wave.

Perceived stress levels among athletes differed depending on the country. The highest
level of stress in individual waves of the pandemic was reported by Slovak athletes, while
the lowest level of general stress was registered in athletes from Romania (except for the
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tests performed before the pandemic). Small or moderate to small differences were observed
between the three investigated countries, when talking about athletes’ experienced stress
(in individual waves). The significant differences found (between countries) could be
related to numerous variables: the intensity of the pandemic, the current economic and
political situation in the country, and employment stability. The Human Development Report,
which indicates the quality of life in a given country [48], is also important in this context.

In all countries, there was a noticeable trend in the overall pre-pandemic stress levels
decreasing and remaining at a lower level throughout the first and second wave of the
pandemic, before increasing during the fourth wave. Significant differences were observed
in each investigated country (studied separately), between the waves of the pandemic, as
well as small or moderate to small effect sizes (for emotional tension and external stress). In
the case of intrapsychic stress, a moderate to strong effect size (Eta2) was found in Romanian
and Slovak athletes. Furthermore, when the three countries were studied together (the
total sample), moderate to small (respectively, medium for intrapsychic stress) differences
between the research periods/waves of the pandemic were highlighted. Similar results
were observed for martial arts practitioners from Poland and Romania and also in athletes
practicing various sports disciplines (non-martial-arts athletes) from Poland, Slovakia, and
Romania, with stress levels decreasing during the height of the pandemic (during the
lockdown and first wave), compared to the pre-pandemic period [30]. However, there are
also studies that underline that about one month after the beginning of the lockdown (first
wave), perceived stress increased in Italian athletes from individual and team sports [13]
(martial arts athletes were not included in the sample).

Such differences (a significantly lower level of stress during the first three waves of the
pandemic) can be explained when considering the psychological and social mechanisms
behind the observed trend—it can be assumed that several phenomena co-occurred. First,
habituation led to a lower intensity of reaction to a repeated stimulus. Due to a long-
term presence of a constant stimulus, the stress reaction becomes reduced and, in time,
it may become extinct [49–51]. Habituation has an adaptive function, as it allows for
economical use of the individual’s emotional and cognitive resources. Stress could have
also decreased due to the cancellations or delays of upcoming sports events [52]. For many
athletes, participation in competition involves intense psychological stress. In various
sports disciplines (e.g., volleyball, tennis, track and field, cycling, boxing, soccer), higher
perceived stress levels were observed upon resumption of competitions [14]. Further,
for example, in swimmers, a significant release of stress hormones was observed, as a
result of physical and mental stress associated with sports competition [53]. Cancelling
or delaying such events may reduce psychological tension. Another reason for lowered
stress levels could be the reduction in intensity of training and work, with the resulting
rest and isolation allowing for a regeneration of psychological resources [54,55]. Due to
training and competitions being limited, the perceived level of rivalry also decreased, as
all athletes found themselves in similar circumstances [56,57]. It is worth underlining that
the restrictions and possibilities in each time span (and in each investigated country) were
relatively the same—during the lockdown period, coaches and athletes worked exclusively
on different remote learning platforms (online) at home. When the conditions relaxed,
athletes were able to practice outdoors, on sports fields or in parks, respecting the measures
of social distancing. There are differences between sports branches. Some players, such as
runners, were able to follow more easily the training plan during the COVID-19 pandemic
(there was, almost, no break in the training). Sports competitions were also organized in
Poland, Romania, and Slovakia (and televised) but without spectators (for months). Only
coaches and athletes had access to the competition hall/area and they were previously
tested against COVID-19. It is also important to mention that the vaccination campaign
began (in the three countries) at the end of 2020—in Romania, on 27 December 2020. For
example, during the third wave of the pandemic (on 7 April 2021), according to the National
Institute of Public Health [58], only 1.288.487 Romanians (about 6.5% from the population)
were vaccinated with both doses.
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Sport is a stress-generating environment, as unpleasant remarks coming from sup-
porters and noise from the stands (in many sports) increase athletes’ stress levels [59,60].
The absence of spectators (during the first waves of the pandemic) can, therefore, re-
duce experienced stress in athletes. Here, also, we emphasize differences between sports
disciplines, with team sports athletes feeling less negative stress [61] and reporting less
anxiety and depression than in individual sports [62], while novice performers registered
higher perceived stress than top athletes (potentially reflecting their less-adapted coping
resources) [13]. Further, athletes with high athletic identity are less prone to higher levels
of psychological distress compared to athletes with low athletic identity [61].

The pandemic has brought into focus the fundamental human issues of health and
survival. Among stressors for athletes were the fear of COVID-19 infection (the fear of
health deterioration), weight change, exercising at home, monthly income perception, and
damaged performance in COVID-19 infection [63] (it is important to mention that athletes’
trait anxiety values were below average). The risk of infection when rigorously following
the hygiene and social isolation protocols is minimal and other life events are unable to
cause intense stress reactions in the context of a global pandemic. When fundamental
issues, such as health and survival, are threatened, people appraise everyday problems
differently [64,65]. Moreover, the reduction in sports events resulted in a significant reduc-
tion in athletes’ media exposure, which could have been a major source of pressure [66,67].
The increase in stress during the fourth wave of the pandemic could have been caused by
the depletion of personal resources and poorer adaptation to the permanent conditions
of the pandemic [68,69], as well as chronic fatigue syndrome [70]. All limitations and
restrictions accumulated over time may cause higher levels of stress and greater health
concerns. Further, athletes’ worsening economic conditions and uncertain prospects for the
future may be significant [71].

Emotional and external stress among athletes was lower during the first, second, and
fourth wave than during the pre-pandemic period. However, a very high increase in
intrapsychic stress was observed during the fourth wave. Increased intrapsychic stress
is a consequence of prolonged negative events, with which the individual has not coped
effectively (i.e., has used dysfunctional coping strategies) [30]. Past, present, as well as
future anticipated events may be sources of stress [72]. In the context of a prolonged
pandemic, this results in an accumulation of perceived stress.

The smaller number of people surveyed in the third wave of the pandemic resulted
in the exclusion of this group of people due to the possibility of distorting the results of
the research.

The long duration of the pandemic has also impacted strategies of coping with stress.
On the one hand, athletes have learned which coping strategies are effective. On the other
hand, permanent functioning during the pandemic may have modified the employed
strategies. To identify changes in coping strategies among athletes, we compared them
between the first and the fourth waves of the pandemic. In the Polish athlete subsample,
we observed a decrease in the frequency of using emotion-focused strategies. It is assumed
that emotion-focused strategies are ineffective in the long term, though they may negate the
consequences of stress in some situations [73,74]. In the Romanian athlete subsample, the
use of dysfunctional strategies increased in frequency. In the long term, using these coping
strategies can be associated with a risk of depression, anxiety, and eating disorders [75,76].
Among Slovak athletes, the frequency of using problem-focused strategies and dysfunctional
strategies increased simultaneously. Using problem-focused strategies allows for coping with
difficult situations in the most effective way [77].

Our study revealed a significant trend in coping strategy use among athletes. Compar-
ing the frequency of using coping strategies, we observed an increase in using dysfunctional
strategies in each country. Aggregated results for individual coping strategies show that, in
each country, the frequency of using dysfunctional strategies during the fourth wave of the
pandemic was higher than in the first wave. Long-term functioning in stressful situations
may reduce personal resources. Thus, seeking easier solutions for a difficult situation,
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athletes more frequently used dysfunctional strategies. Long-term use of such strategies
carried with it a risk of depression and worsened health [78]. However, these strategies can
be modified with appropriate psychological intervention [79]. Considering elite athletes, as
well as physical education students practicing sports most often, researchers highlight the
important role of cognitive and behavioral strategies in coping with the stress generated
by the COVID-19 pandemic [80]. It was found that “the sports level depended on the
strategies of coping with the stress of the COVID-19 pandemic more strongly than gender”.

Regarding individual coping strategies, in the Polish athlete subsample, the frequency
of using behavioral disengagement and venting increased, while the frequency of using
planning, positive reframing, and humor decreased. The first two of these are dysfunctional
strategies. Increasing the frequency of using these strategies decreases the probability of
effectively coping with stress. Even if in the short term, they may prove useful in reducing
perceived stress, we cannot promote them, given their known long-term effects [30]. Positive
reframing and humor are emotion-focused strategies. They are not effective in the long term
for the subsequent pandemic waves. Decreasing the frequency of using these strategies
decreases the probability of effectively coping with stress and minimizing its effect on
wellbeing. The long duration of the pandemic was related to a decrease in the frequency of
using planning, a problem-focused strategy. The unpredictability of the pandemic, together
with a lack of control over many aspects of life, may have caused a decrease in using this
strategy in the perspective of the pandemic’s increasing duration.

In the Romanian athlete subsample, we noticed an increase in the frequency of using
the individual strategy of behavioral disengagement, which is a dysfunctional strategy. It can
be assumed that, similar to Polish athletes, the lack of control over the situation could have
caused an increase in the frequency of using this strategy. However, a different pattern
was observed among the Slovak athletes. They reported an increase in using active coping,
planning (problem-focused strategies), and acceptance (emotion-focused strategy), as well as a
decrease in venting (dysfunctional strategy).

Permanent use of dysfunctional strategies is ineffective and is related to a risk for
depression [81]. The noticeable increase in the frequency of using these coping strategies by
athletes during the fourth wave of the pandemic, together with the increase in intrapsychic
stress, should alert coaches and sport psychologists to the ways in which professional
athletes modify their use of available coping strategies. Close cooperation with a sports
psychologist and coach is essential in order to promote the most effective coping strategies
for a given person [82]. Along with medical practitioners, members of the multidisciplinary
team should work towards minimizing the strain experienced by athletes [83]. In order to
reduce athletes’ distress, specialists could use the so-called internal techniques (breathing
and meditation, self-control techniques) [84], inner monologue (positive self-talk) increasing
self-confidence, analytical relaxation, and autogenic training; self-monitoring of emotional
reactions [85] could teach athletes positive conflict resolution strategies and guide them to
get involved in motor and mental activities, which gives them great satisfaction [86]. Not
least, specialists can use written emotional disclosure (WED) to support athletes during the
COVID-19 pandemic and to promote their mental health [87] and the 4Ds for dealing with
distress, an ultra-brief single session, which unifies strategies and exercises for problem-
solving, emotion regulation, and for increasing resilience (restoring wellbeing) [88].

The present study has some limitations. The authors relied on self-report measures,
supposing a possible recall bias and/or the issue of possible desirable answers (when
talking about explicit evaluations), aspects being known [89] (however, the large number
of athletes tested represents a strength of the study). Further, the results may be different if
junior athletes were investigated, athletes from other countries, practicing a single sport
discipline, if athletes were examined separately, according to the level of training, as well
as according to their property status (these are relevant questions for future research).
Moreover, the Cronbach’s α reliability coefficients presented a range of low to very high
level of reliability for the strategies of coping with stress, which should also be considered
when interpreting the results of this study. Finally, even if there is a reciprocal relationship

308



Healthcare 2022, 10, 1770

between stress and anxiety (the two dimensions having a mutual influence on each other),
other investigation tools are recommended for anxiety, capturing the link between the
anxiety of athletes (state anxiety and/or trait anxiety) and the size of a pandemic in a given
country. This can be the subject of further research.

5. Conclusions

The conclusions of the current study, carried out in three countries, showed that the
direct consequences of the pandemic are not related to an increase in perceived stress
among athletes. Overall, stress levels during the fourth wave of the pandemic were not
higher, in all countries, than during the pre-pandemic period. However, an increase in
intrapsychic stress was noticeable between the first two waves and the fourth wave of the
pandemic. The research is underlining the importance of athletes’ experienced stress (which
can influence, also, their anxiety level), capturing the dynamics of perceived emotional
tension, external stress, and intrapsychic stress in athletes, before and throughout different
waves of the COVID-19 pandemic.

Using constructive coping strategies allows for reducing the perceived stress. Using
these strategies led to lower stress levels. Coaches and sport psychologists should continu-
ously monitor stress levels among athletes, together with their coping efforts, in order to
promote effective coping strategies. As the pandemic may have long-term consequences, it
is particularly important to monitor athletes’ psychological wellbeing also after its end, in a
post-COVID-19 world.
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Abstract: Background: Individual differences in personality and resilience are related to a variety
of social behaviors. The current study sought to answer the question of whether BMW drivers
exhibit different personality profiles and resilience levels compared with drivers of other car brands.
Participants and procedure: An international study was carried out in India, Latvia, Lithuania,
Poland, Romania, Slovakia, and Spain on a sample of 448 athletes using the 20-item Mini-IPIP and
the Resilience Scale. The results of BMW drivers (n = 91) were compared with the results of drivers of
other German car brands (n = 357). Results: BMW drivers were characterized by higher neuroticism
compared with drivers of other German car brands. They also showed higher resiliency, both in
terms of total score and scores on the subscales of: personal coping competences and tolerance of
negative emotions, tolerance of failures and perceiving life as a challenge, and optimistic attitude
towards life and capacity for self-mobilization in difficult situations. The greatest difference was
observed for the factor of tolerance of failures and perceiving life as a challenge. Using the Dwass-
Steel-Critchlow-Fligner (DSCF) pairwise comparison test, gender differences between athletes (as
BMW drivers and drivers of other German car brands, respectively) were discussed. Additionally,
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the results of the main logistic regression analyses emphasized that neuroticism represents a better
predictor of BMW preference in the case of athletes (as drivers) than the scores obtained for resilience.
Conclusions: BMW drivers differed from drivers of other German car brands only with regard to
neuroticism. A higher level of neuroticism can affect mental health and the overall quality of life in
athletes; aggression and distress management are essential. Athletes (as BMW drivers) also showed
differences in resiliency levels. Understanding the mechanisms of behavior among BMW drivers is
possible through considering their personality and individual differences.

Keywords: personality trials; Big Five; resilience; athletes; car drivers

1. Introduction

The Big Five personality factors (neuroticism, extraversion, openness to experience,
agreeableness, and conscientiousness) continue to attract researchers’ attention. This is
likely the result of the stability of this taxonomy, as well as of the model’s usefulness
and effectiveness. The Big Five model’s taxonomy is consistently used in research of
various occupational, language, and cultural groups worldwide [1]. The Big Five model is
predictive of behaviors in professional [2] and personal settings [3]. Commonly accepted,
the Big Five model allows researchers worldwide to systematically gather and compare
data [4].

The traits comprising the Big Five model, which represent universal adaptive mech-
anisms, facilitate functioning in various social, occupational, physical, and cultural con-
texts [5], which is underscored by the evolutionary theory of personality [6]. Personality
traits predispose individuals to certain behaviors and serve as adaptive mechanisms de-
termining goal-oriented behaviors in various specific situations, including sport-related
settings [7]. Individuals displaying traits which are desirable from the point of view of a
given role will adapt and function more effectively in those roles and in their associated
environments [8].

Personality allows for predicting both positive (e.g., health behaviors, [9] Doornenbal,
2021) as well as negative behaviors (e.g., bullying, [10]). Considering the sports domain,
“personality profiles of karatekas specializing in kata or kumite are similar to the personality
profiles of athletes from other sports. Namely: the personality profile of athletes is low
neuroticism, high extraversion and conscientiousness” [11]. The specific sports branches
practiced shape the personality traits in athletes (the personality features are dependent on
experience); moreover, “personality and sport activities are interconnected in an ongoing
process of two-way conditioning” [12]. It was found that emotional stability, openness
to experience, extraversion, and conscientiousness are positively correlated with sports
performance, while in the case of agreeableness, a negative link was reported [13]. Other
researchers also highlighted that emotional stability and extraversion are associated with
high conscientiousness and low neuroticism, respectively, in karate masters [14,15].

It is commonly believed that personality factors are important in the context of driving
behaviors and are related to traffic accidents. Research has shown that certain personality
traits, such as conscientiousness, neuroticism, and agreeableness, are strongly correlated
with aggressive driving and road rage [16]. Dahlen and White point out that select person-
ality traits (openness to experience, emotional stability, and agreeableness) may be useful
in predicting dangerous driving behaviors [17]. Wei, Lee, Luo, and Lu have confirmed that
among the personality traits, neuroticism is the most strongly related to risky driving behav-
iors: exceeding the speed limit, abnormal staying, and hard accelerating/decelerating [18].
Li established that drivers with high neuroticism and conscientiousness drive in a riskier
manner, while individuals with high agreeableness are low-risk drivers [19]. Similar results
were reported by Shen, Qu, Ge, Sun, and Zhang, who noted that neuroticism is negatively
correlated with positive driving behaviors [20].
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Driving safety is influenced by neurotic personality, which is related to risky and
dangerous behaviors, as well as to an increase in the risk of traffic accidents [21]. Neurotic
personality predicts dangerous driving behaviors [22]. High neuroticism leads drivers to
become distracted and ignore traffic signs, including nonstandard ones, more often [23].
Drivers with high neuroticism also react more impulsively to traffic light changes [21].
Noticing slower reactions in other drivers may lead drivers with high neuroticism to
aggressive behaviors. Drivers with high neuroticism generally display stronger stress
reactions [24]. Meta-analyses showed that neuroticism and extraversion are related to
dangerous behaviors, accidents, and injuries (employees of various professions were
investigated) [25].

Cognitive abilities and personality factors function as independent predictors of
driving behaviors [26]. Sutin et al. showed that neuroticism is related to lower memory
performance, psychomotor performance, attention, executive function, and visuospatial
abilities [27]. Emotional stability contributes to some cognitive abilities which are important
for driving [28]. However, other individual differences are also related to driving behaviors.
For instance, listening to rock music during driving increases speed variability and the
frequency of changing lanes among individuals with choleric and sanguine personality
profiles [29]. Another variable with relevance for driving behavior is resilience. Individuals
with high resiliency cope better with stressful situations and situations which demand
adaptation. Numerous studies highlight the role of resiliency in coping with difficult
situations [30,31]. Resiliency increases psychological resources and allows for flexible
adjustment to new life situations. Resiliency facilitates effective functioning in difficult
situations as well as increased tolerance of negative emotions [32]. Individuals with high
resiliency are able to better tolerate risks and experience lower levels of anxiety [33].

Currently, around twenty-three thousand lethal traffic accidents are reported in the
European Union (EU) [34]. According to Tsai et al., “globally, more than 1.27 million people
die in motor vehicle crashes each year, and 20–50 million people sustain injuries in vehicle
crashes”, and the three major risk factors for fatal vehicle crashes are speeding, a history of
benzodiazepine use, and involvement in motor vehicle crashes [35].

The majority of traffic accidents are avoidable contingent on the drivers adjusting
their behaviors to traffic conditions and rules. Traffic accidents are chiefly the domain of
men—women cause roughly one in four traffic accidents, and the risk of death for women
drivers is over eight times lower than for men [36]. However, it should be noted that the
number of men and women with drivers’ licenses is roughly equal. Cultural differences
in traffic safety can also be observed. Countries with the highest number of lethal traffic
accidents include Romania, Bulgaria, and Poland, while those with the lowest numbers
are Sweden, Denmark, and Iceland [37]. For example, the number of victims per million
inhabitants in Romania is double when compared with the European Union average [38].

In this sense, many insurance companies also require higher payments from drivers
under the age of 26 [39]. This is because younger drivers are more often involved in
accidents and drive in a more aggressive manner. Younger people are also more prone to
risk-taking [40]. Insurance company data also tracks the car brands most often involved
in traffic accidents. Not all brands are equally popular in all countries, leading to an over-
representation of certain brands in the total number of cars, and, consequently, the total
number of traffic accidents. Some studies showed that drivers of certain car brands are
characterized by a less safe driving style than others. It is indicated that drivers of German
brands (BMW, Audi, Opel), and BMW drivers in particular, drive less safely [41]. BMW
drivers are stereotypically perceived as aggressive [42], driving faster than others [43], wild,
and masculine [44]. Research showed that BMW drivers are more aggressive compared
with other drivers [45]. It has also been noted that drivers of more expensive cars are more
likely to drive in a more egotistic manner [46]. In the present study, the rationale behind
choosing BMW vs. other brands refers to the driving style of BMW drivers; Ghayad [47],
who summarized several studies, concluded that BMW drivers are the worst in terms of
stopping for pedestrians, knowledge of traffic rules, and being the most disliked drivers on
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the roads (at a big distance, compared with drivers of other car brands). Moreover, BMW
drivers were chosen for an exclusive comparison with other German car drivers because
only BMW drivers have a social belief “to act in an aberrant (i.e., in abnormal) way” [45]
(p. 89). Researches have suggested that BMW drivers act differently compared with other
German cars “because they view their own presence on the road as a BMW-with-a-driver as
qualitatively different to their presence as a non-BMW-with-a-driver, and therefore behave
differently in their interactions with other road users” [45] (p. 89). Stereotypes were seen
that poor driving is specific to drivers, “especially those who drive BMWs (although we
have nothing against BMW)” [42] (p. 46).

In the current study, athletes were chosen rather than regular non-athlete drivers
because professional athletes are often ‘macho-persons’ [48], “with ‘macho’ or narcissistic
self-images” [49]. Not all athletes are champions, i.e., not all athletes have low levels of
neuroticism [50], but neuroticism is the most strongly related to risky driving behaviors:
exceeding the speed limit, abnormal staying, and hard accelerating/decelerating [18]. In
addition, “macho-persons (i.e., athletes) not only act more aggressively on the road, but also
they give preference to high-performance (for instance, often BMW) and sport-type cars and
are more sensitive to image related issues” [45] (p. 90). Not least, athletes as drivers have
not been the subject of much research so far. In the literature, we can find only a few studies
on race car drivers [51,52]. They indicated the insufficiency of the research conducted so far
in this field. For example, psychophysiological dynamics of race car drivers [53], the heart
rate (HR) response in young male pilots in different conditions [54], or the physiological and
thermal challenges in race car drivers were investigated [55]. Additionally, researchers were
concerned with creating a mathematical model which can predict drivers’ performance
(reaction time was measured) in a variety of driving conditions [56], and were interested
in increasing the psychomotor qualities and, therefore, quality of life in senior drivers,
through Visual-Motor Useful Field of View training [57].

Considering the previous information, the aim of the current study was to examine
whether athletes as BMW drivers differ from drivers of other German car brands with
regard to basic personality traits and resiliency. Because personality and resiliency are
better predictors of behavior when considered together [58], both these variables were
included in the study. To the best of our knowledge, the current study is the first to examine
resiliency among athlete drivers.

Therefore, the following research questions were formulated:

1. What are the resiliency levels among athlete drivers of various car brands (BMW and
other brands)?

2. What are the personality trait levels among athlete drivers of various car brands?
3. Are there significant differences between BMW athlete drivers and athletes driving

other German car brands with regard to basic personality traits and resiliency?
4. Can we predict athletes’ preference for a car brand (based on personality traits

or resiliency)?

2. Materials and Methods
2.1. Participants

A total of 448 participants from the following seven countries took part in the study: India,
Latvia, Lithuania, Poland, Romania, Slovakia, and Spain. The participants were competitive
athletes practicing different sports disciplines: track-and-field, martial arts (boxing, kickboxing,
judo, fencing, karate, taekwondo), handball, soccer, aerobic and artistic gymnastics, swimming,
volleyball, and basketball (fourteen sports disciplines in total). The inclusion criteria were:
more than 18 years (seniors) and minimum five years of training in a specific sport discipline.
Approximately 79% of the participants registered local/regional performances, while about
21% registered international/national performances, being considered experts/elite (with
respect to the athletes’ standard of performance—Swann et al., 2015).

BMW athlete drivers (n = 91) were identified in the sample and were compared with
athlete drivers of other German car brands (n = 357).
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2.2. Measures
2.2.1. Personality

Personality was measured with the 20-item Mini-International Personality Item Pool
(Mini-IPIP), adapted by Topolewska et al. [59], which is a shortened version of the IPIP-Big-
Five Factor Markers-50 (IPIP-BFM-50), measuring the Big Five personality traits according
to Goldberg’s lexical model [60]. It consists of 20 items, arranged into 5 subscales (4 items
for each subscale): extraversion (e.g., “I am the life of the party.”), agreeableness (e.g.,
“Sympathize with others’ feelings.”), conscientiousness (e.g., “Get chores done right away.”),
neuroticism (e.g., “Have frequent mood swings.”), and intellect/imagination (e.g., “Have a
vivid imagination.”). The participants indicated how accurate each phrase was for them,
using a 5-point Likert-type scale (from “1”—very inaccurate to “5”—very accurate). In
the current sample, reliability for the subscales, measured with Cronbach’s alpha, ranged
from: 0.73—intellect/imagination to 0.85—extraversion (India); 0.78—conscientiousness to
0.88—neuroticism (Latvia); 0.79—intellect/imagination to 0.88—extraversion (Lithuania);
0.76—intellect/imagination to 0.86—neuroticism (Poland); 0.77—conscientiousness to
0.88—extraversion (Romania); 0.80—agreeableness to 0.88—conscientiousness (Slovakia);
and 0.75—intellect/imagination to 0.85—extraversion (Spain).

2.2.2. Resilience

To measure resilience, the Scale for Measuring Resilience (SPP-25) by Ogińska-Bulik
and Juczyński was used [32]. It consists of 25 items, arranged into 5 subscales (5 items
for each subscale): perseverance and determination in action (e.g., “If I have to do some-
thing, I usually do it right away.”), openness to new experiences and sense of humor (e.g.,
“I can look at situations from many different points of view.”), personal coping compe-
tences and tolerance of negative emotions (e.g., “ In difficult situations, I can cope with
unpleasant feelings.”), tolerance of failures and perceiving life as a challenge (e.g., “I can
draw conclusions for the future from my failures and mistakes.”), and optimistic attitude
towards life and capacity for self-mobilization in difficult situations (e.g., “I always have
an optimistic approach to life, regardless of the situation.”). The respondents indicated
their agreement with each item on a 5-point Likert scale from “0”—I definitely disagree”
to “4”—I definitely agree. The higher the partial scores on each scale or the total score,
the higher the degree of resilience. In the current sample, reliability for the subscales,
measured with Cronbach’s alpha, ranged from: 0.67—openness to new experiences and
sense of humor to 0.78—personal coping competences and tolerance of negative emotions
(India); 0.69—tolerance of failures and perceiving life as a challenge to 0.88—personal
coping competences and tolerance of negative emotions (Latvia); 0.68—openness to new
experiences and sense of humor to 0.75—optimistic attitude towards life and capacity for
self-mobilization in difficult situations (Lithuania); 0.67—tolerance of failures and perceiv-
ing life as a challenge to 0.86—personal coping competences and tolerance of negative
emotions (Poland); 0.68—perseverance and determination in action to 0.76—optimistic
attitude towards life and capacity for self-mobilization in difficult situations (Romania);
0.70—openness to new experiences and sense of humor to 0.78—personal coping compe-
tences and tolerance of negative emotions (Slovakia); and 0.70—optimistic attitude towards
life and capacity for self-mobilization in difficult situations to 0.76—perseverance and
determination in action (Spain).

2.3. Procedure

The research was carried out between November 2021 and May 2022, with data
collected (for the two questionnaires) through Google forms (Google LLC, Mountain View,
CA, USA), as in previous investigations [61,62].

The snowball sampling technique was used as a recruitment technique to examine the
participants: BMW athlete drivers and athletes driving another German car brand.
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Regarding the 20-item Mini-IPIP questionnaire and the scale for measuring resilience
(SPP-25), the final versions, in each language, were created through retroversion—a proce-
dure used, also, in earlier studies [63].

2.4. Statistical Analysis

Mann–Whitney’s U test was used to see whether scores on the measured variables
differed significantly. Mann–Whitney’s U test was chosen because it works fine with un-
equally sized samples. Condition, that the statistical power will diminish as the group sizes
are unequal, has been taken into account. The calculated statistical power for unequally
sized samples of the current study (a 1:4 ratio; total sample size: 448) is 0.83. G*Power tool
to compute statistical power analyses was used [64]. The level of statistical significance
was set at p < 0.05. The Dwass-Steel-Critchlow-Fligner (DSCF) pairwise comparison test
was then used to examine the differences between four groups (male and female athletes as
BMW drivers and male and female athletes driving other German car brands). The binomial
logistic regression was carried out to predict athletes’ preference (based on neuroticism and
resilience) for a car brand. IBM SPSS Statistics 27.0 software (IBM Corp, Released 2020, IBM
SPSS Statistics for Windows, Version 27.0. Armonk, NY, USA) was used in the statistical
analysis. Effect sizes for U-statistics were expressed as r (0.1 weak effect size, 0.3 moderate,
0.5 strong, ≥0.7 very strong [65]).

3. Results

Participants from the following countries participated in the study: India (n = 38;
Mage = 30.81; SD = 12.84), Latvia (n = 72; Mage = 25.95; SD = 8.71), Lithuania (n = 56;
Mage = 25.20; SD = 6.96), Poland (n = 121; Mage = 32.79; SD = 9.28), Romania, (n = 103;
Mage = 24.52; SD = 5.43), Slovakia (n = 32; Mage = 25.83; SD = 8.83), and Spain (n = 26;
Mage = 34.81; SD = 11.83). Considering the training experience in a specific sport disci-
pline, the average in the entire sample was 11.6 years. Ninety-one BMW athlete drivers
(50 males and 41 females) were identified in the sample and there were 357 athlete drivers
of other German car brands (198 males and 159 females): Audi (36 males, 27 female ath-
letes), Volkswagen (85 males, 68 female athletes), Opel (49 males, 35 female athletes), and
Mercedes-Benz (28 males, 29 female athletes). The mean age of the BMW athlete drivers
was 25.75 (SD = 8.32). The mean age of the athlete drivers of other German brands was
29.36 (SD = 11.19).

First, data were screened for missing values or outliers [66]. Using stem-and-leaf, no
outliers were identified. Additionally, no missing values were detected (due to the online
survey in which all questions had to be rated).

Table 1 shows the results of the median scores comparison and Mann–Whitney’s U
test for BMW athlete drivers and athlete drivers of other German car brands.

The analyses show that BMW athlete drivers are more neurotic than athlete drivers of
other German car brands. Effect size is r = 0.13, meaning a moderate to weak difference.
Other personality traits (in terms of the 20-item Mini-IPIP scales) did not differentiate
between these two groups. BMW athlete drivers also achieved statistically significantly
higher total resiliency scores (r = 0.10—a weak effect size), as well as scores on the particular
resiliency subscales. The subscale of openness to new experiences and sense of humor was also
higher among BMW athlete drivers, although this difference did not reach statistical
significance.

The resiliency results were roughly above 75 points for BMW athlete drivers (mean = 75.9,
median = 76) and 72 points for the athlete drivers of other German car brands (mean = 72.9,
median = 74). According to the norms, the mean score was 72.27; therefore, both of the results
in the current study (at group level) are within the sixth sten which means an average level
of resiliency.

In the next step, using the Dwass-Steel-Critchlow-Fligner (DSCF) pairwise comparison
test, the existing differences between the four groups formed (male athletes BMW drivers,
female athletes BMW drivers, male athletes driving other German car brands, and female
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athletes driving other German car brands, respectively) were examined, starting from the
eleven dependent variables investigated (personality factors and resilience dimensions).
Table 2 contains only the significant differences observed.

Table 1. Mann–Whitney U test results for the effect of car brand used on investigated variables.

Variables Drivers Median Mann–Whitney U Z p

Extraversion
BMW 3.50

14,541.50 −1.551 0.121Others 3.25

Agreeableness BMW 3.75
16,128.00 −0.106 0.916Others 3.75

Conscientiousness
BMW 3.75

16,005.50 −0.217 0.828Others 3.75

Neuroticism
BMW 3.00

13,272.00 −2.710 0.007Others 3.00

Intellect/Imagination BMW 3.75
16,177.00 −0.061 0.952Others 3.75

Perseverance and determination
in action

BMW 15.00
14,962.50 −1.170 0.242Others 15.00

Openness to new experiences and
sense of humor

BMW 16.00
15,704.00 −0.494 0.621Others 16.00

Personal coping competences and
tolerance of negative emotions

BMW 15.00
14,058.00 −1.998 0.046Others 15.00

Tolerance of failures and perceiving
life as a challenge

BMW 16.00
13,732.00 −2.297 0.022Others 15.00

Optimistic attitude towards life and
capacity for self-mobilization in

difficult situations

BMW 15.00
14,064.50 −1.989 0.047Others 14.00

Total Resilience score
BMW 76.00

14,086.50 −1.957 0.050Others 74.00

Table 2. DSCF test results for pairwise comparisons with significant differences.

Group (Median) W p

Agreeableness

1 (3.50) 2 (4.25) 7.13 <0.001
1(3.50) 4 (4) 6.44 <0.001
2 (4.25) 3 (3.50) −7.44 <0.001
3 (3.50) 4 (4) 8.42 <0.001

Conscientiousness
3 (3.50) 4 (3.75) 6.613 <0.001

Neuroticism
1 (3.50) 2 (2.75) −5.70 <0.001
1 (3.50) 3 (3.25) −3.54 0.059
1 (3.50) 4 (2.75) −8.73 <0.001
2 (2.75) 3 (3.25) 4.79 0.004
3 (3.25) 4 (2.75) −9.22 <0.001

Personal coping competences and tolerance of negative emotions
1 (16) 4 (15) −4.68 0.005

3 (15.5) 4 (15) −3.73 0.042
Optimistic attitude towards life and capacity for self-mobilization in difficult situations

1 (15) 4 (13) −5.17 0.001
3 (14) 4 (13) −4.56 0.007

Total Resilience score
1 (77.5) 4 (73) −3.69 0.045

Note. 1—Male athletes BMW drivers, 2—female athletes BMW drivers, 3—male athletes driving other German
car brands, 4—female athletes driving other German car brands, W—Wilcoxon value.

Statistical analysis of the data shows that male athletes as BMW drivers are significantly
less agreeable than female athletes as both BMW or other German car brands drivers.
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Additionally, female athletes as BMW drivers are significantly more agreeable than male
athletes who are drivers of other German car brands. Regarding neuroticism, it was found
that male athletes as BMW drivers are significantly more neurotic than participants in all
other three groups (the difference was marginally significant when compared with male
athletes who are drivers of other German car brands). Additionally, when talking about
resilience, male athletes as BMW drivers, as well as male athletes driving other German car
brands, obtained a significantly higher score for personal coping competences and tolerance
of negative emotions, optimistic attitude towards life and capacity for self–mobilization,
and for the total Resilience score (only male athletes as BMW drivers in the case of the
total Resilience result), compared with female athletes who were drivers of other German
car brands.

Knowing that neuroticism and resilience are specific to competitive athletes as BMW
drivers, we examined to what extent the two variables predict athletes’ preference for a
car brand. To achieve this aim, binomial logistic regression was used, considering the
defined categories—athletes as BMW drivers and athletes driving other German car brands.
The data of the main logistic regression analysis are underlined in Table 3, predicting the
likelihood of athletes preferring and driving a BMW car based on neuroticism and resilience.

Table 3. Results of the binomial logistic regressions analysis.

Neuroticism Resilience

Omnibus test—model 0.001 0.042
Hosmer and Lemeshow test

(chi-square, p-value) 14.46 (0.054) 12.97 (0.073)

Nagelkerke R2 0.053 0.018
Overall percentage (Predicted

− Percentage correct) 79.700 68.9

Wald test 11.737 3.923
B 0.550 0.020

SE 0.160 0.010
Odds ratio values 1.733 1.076

Confidence interval for Exp(B) 1.265–2.373 1.021–1.118

The main logistic regression analysis (two separate regressions were performed) em-
phasized that both models are statistically significant (omnibus test model, p < 0.05). With
respect to the Hosmer and Lemeshow goodness of fit test, p = 0.054 (for neuroticism) and
p = 0.073 (resilience), pointing out that the models are not a poor fit. NR − χ2(1) = 12.28,
p = 0.001, RES − χ2(1) = 4.12, and p = 0.042, meaning that the logistic regression models
were significant. In the case of the competitive athletes, the scores for neuroticism represent
a better predictor of BMW preference (as drivers) than those of the results obtained for re-
silience. The models correctly classified 79.7% (neuroticism) and 68.9% (resilience) of cases,
respectively. Nagelkerke R2 (effect size index) shows a moderate to weak relation between
neuroticism and athletes’ preference for BMW, and a weak relation between resilience and
athletes’ preference (for driving a BMW).

It was asserted that higher levels of neuroticism and resilience are associated with an
increased likelihood of driving a BMW car in the case of athletes.

4. Discussion

The human factor is responsible for the majority of traffic accidents. Excessive speed,
not respecting right of way, and not adjusting speed for the weather conditions are respon-
sible for over 95% of all traffic accidents [67]. The car’s condition, the weather, and the
road infrastructure are responsible for a very small proportion of all traffic accidents, and it
would be difficult to eliminate these factors entirely. Insurance company data and media
reports show that traffic accidents are most often caused by young men. Moreover, there
is a common belief that BMW drivers are aggressive. Thus, the current study involved a
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sample of competitive athletes and divided them into subsamples based on the brand of
car they drive.

The aim of the current study was to estimate the personality profile and resiliency of
BMW athlete drivers compared with athlete drivers of other car brands. Based on the litera-
ture [18], we expected that personality traits may be related to driving BMWs. BMW athlete
drivers were characterized by higher neuroticism compared with athlete drivers of other
German car brands. BMW athlete drivers’ neuroticism levels significantly exceeded the
mean reported in the original IPIP-BFM-20 study [60]. Individuals characterized by higher
neuroticism are more prone to reacting with frustration and anger at everyday events [68].
Individuals with high neuroticism do not cope well with stressful situations and have a
tendency towards interpreting regular situations as threatening. In everyday situations,
they more often interpret random occurrences as directed personally against them. They
also show significant difficulties in controlling their own behavior [69]. Individuals with
high neuroticism also engage in more reckless risk-taking behaviors [70].

As drivers, individuals with high neuroticism are characterized by a dangerous driving
style, including purposefully breaking the speed limit, being aggressive towards other
drivers [71], and using cellphones while driving [72]. Neuroticism seems to significantly
impact driving behaviors from the point of view of causing dangerous situations, both for
the drivers themselves as well as for other people. Neuroticism also plays an important part
in shaping loyalty towards brands perceived as exciting [73]. Driving BMW cars can be seen
as a source of excitement, partially due to the technical capabilities of the cars themselves.
However, it remains an open question whether individuals with high neuroticism choose
BMW cars or whether owning BMW cars increases neuroticism.

Considering success in sports and taking earlier reports talking about the Big Five
model [1], researchers emphasized that “probably lower neuroticism and higher extraver-
sion, openness to experience, agreeableness and conscientiousness” are specific to sport
masters when compared with less successful athletes [74]. In the current study, higher levels
of neuroticism were highlighted among athletes who were BMW drivers when compared
with athletes driving other German car brands; the groups consisted of both top athletes
and athletes with more local experience.

Macho personality is also related to an aggressive driving style [75]. This personality
type is composed of such traits as, among others, perceiving violence as masculine and
danger as exciting, and the cult of hardiness leading to self-control [76]. Such behaviors are
commonly ascribed to BMW drivers [42,45]. It is possible that the social perception of BMW
drivers encourages the purchase and use of these cars by individuals whose personality
profiles are close to the macho stereotype [75]. At the same time, it is interesting to examine
whether BMW cars are a differentiating factor among drivers of sports cars. Brands,
including car brands, may be a reflection of the consumers’ personality and identity [77].
According to the self-congruity theory, individuals purchase cars of those brands which
best reflect their actual or desired personality [78]. It seems interesting to examine which
personality factors determine the choice of the BMW brand. High horsepower, rapid
acceleration, and technical solutions increasing driving safety allow for a more dynamic,
but also riskier, driving style. It has been shown that drivers of high-powered cars engage
in dangerous driving behaviors more often [75]. High horsepower may characterize all
cars in this brand, regardless of the model.

It has been widely documented in the literature that individuals with high resiliency
are able to effectively cope with stressful situations [30]. To the best of our knowledge, this
is the first study examining resiliency among athletes as drivers. The current results show
that BMW athlete drivers are characterized by higher resiliency compared with athlete
drivers of other German car brands. They achieved both higher total resiliency scores
and higher scores on the subscales of personal coping competences and tolerance of negative
emotions, tolerance of failures and perceiving life as a challenge, optimistic attitude towards life,
and capacity for self-mobilization in difficult situations. The results seem to be in line with the
observation that BMW drivers cope better with difficult traffic situations. However, BMW

322



Healthcare 2023, 11, 811

drivers are characterized by a more aggressive and less socially accepted driving style [45].
On the other hand, it has to be noted that both BMW athlete drivers and athlete drivers of
other German car brands in the current study achieved average resiliency scores despite
significant differences in some resiliency indicators.

The obtained results are important in the context of sports psychology. The hu-
man personality is visible in everyday behavior, consumer decisions, and the type of
preferred music [8,79,80]. Sports coaches and psychologists need to pay attention to
many aspects of athlete behavior. The brand of the selected car may indirectly indicate
what personality traits a given athlete has. This is especially important in the context of
Perepjolkina’s [45] (2009) research, which indicated greater aggressiveness in BMW drivers.
Generally, athletes are closely monitored by their coaches, who must evaluate their behavior
as a whole. The present research shows how car brand preferences are related to the sowing
of basic personality traits and resilience. Resilience and controlled instrumental aggression
are desirable and applauded in performance sport if they are within the boundaries of the
game [81], and personality plays an important role in achieving high sports results [11].
However, sometimes “the fierce struggle for winning in competition and the win-at-all-costs
philosophy” [82] can generate violent behaviors, mostly in the case of young athletes [83].
If, in this context, it can be added to a higher score for neuroticism—athletes are less
emotionally stable and experience more negative effects, including irritability, anger, or
anxiety [63]—the negative impact of such situations on athletes’ mental health and overall
quality of life is ensured.

Thereafter, the present research can contribute to a better understanding of the func-
tioning of athletes in various fields of their activity. The findings can be helpful for coaches
and sports psychologists as they pay attention to the non-sport decisions and attitudes of
athletes, which may affect their sports results. Consumer choices dictated by personality
profile provide additional information to coaches and sports psychologists and allow them
to better understand possible patterns of their behavior. The main reason why the authors
believe that this study will be useful to the community is based on the belief that special
attention should be paid to athletes who choose to drive a BMW car, given the lack of
stress and aggression management. Based on the findings of this study, a recommendation
can be made for those athletes who choose to drive a BMW car to implement aggression
management programs.

In order to reduce distress and increase emotional balance in athletes (developing a bet-
ter ability to deal with unexpected situations or mistakes) members of the multidisciplinary
team, and especially sports psychologists, can use: cognitive and behavioral strategies,
which have proven their effectiveness [84]; analytical relaxation and autogenic training;
positive self-talk (inner monologue) for self-confidence; self-monitoring of emotional re-
actions [85]; the 4Ds for dealing with distress—which unifies strategies and exercise with
the aim of restoring wellbeing and improving emotion regulation [86]; stress inoculation
training (SIT)—seen as an educational program to improve self-control [87]; or internal
techniques, e.g., breathing and meditation, which reduce hostility and impulsivity in ath-
letes [88]. To acquire healthy behaviors, athletes with a higher level of neuroticism (in
collaboration with specialists) could attempt mindful activities—the experience of the body
as trustworthy and safe [89], could learn appropriate conflict resolution strategies, and
improve communication skills, which are verbal, nonverbal, and paraverbal. Additionally,
eustress (positive stress) can be induced in more neurotic athletes by guiding them to get
involved in pleasant activities that offer them satisfaction [90]. Additionally, “an integrative
model of intervention against psychological (chronical and traumatic) stress” can be used
by sports psychologists (working to increase athletes’ emotional stability, mental health,
and overall quality of life) comprising the following domains: emotional, behavioral, and
cognitive [91].

However, a higher score for resilience (in the case of BMW drivers) offers an advantage
in performance sports as well as allowing athletes to have a better ability to bounce back
from failure and overcome barriers on the road to great performance.
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Taken together, the results on personality and resiliency show that from among the
personality dimensions, only neuroticism is negatively related with resiliency—the higher
the neuroticism, the lower the resiliency [58]. Similar results have been reported in the
original study on the scale for measuring resilience [32]. In the case of athletes as BMW
drivers, resiliency and neuroticism are both at higher levels when compared with the values
obtained by athletes who are drivers of other German car brands.

The findings of the current research extended previous investigations and also ad-
dressed gaps in the specialized literature, examining a less approached sample and topic—
athletes as BMW drivers in terms of resilience and the Big Five personality traits.

Limitations and Future Directions

The current study was carried out in only a few countries. Thus, it is unclear whether
the results would be replicated in other countries and, therefore, replicating the present
research is warranted in other countries. In addition, the current study also did not measure
how long the athletes were BMW or other brand drivers, which may also impact the results.
Other variables potentially related to car brand choice were also not analyzed, such as
socioeconomic status or the social perception of BMW drivers in a given country. In future
studies, the economic status of the people who use these car brands should be asked, taking
into account that the personality traits and resilience of people with high and low incomes
may differ. Additionally, only self-reported measures were used, and the obtained results
were declarative, the aspects of possible desirable responses being known [82]. Nonetheless,
it is worth mentioning that the large number of studied athletes represents a strength of
the current research. In further studies, data could be gained by combining questionnaires
with behavioral observations. Participants could also be asked about their traffic citations,
speeding tickets, and so forth, in the last 1–2 years. Detailed questions could concern
the cars’ specific parameters, such as tuning or applying various characteristic decals or
decorative elements. Moreover, it is unclear how different the results will be when athletes
as BMW drivers are compared with athletes driving other car brands (not German car
brands), as well as a potential comparison between BMW athlete drivers from different
countries of origin. Then, different studies must be conducted considering non-athletes
(having less/greater driving experience), only novices or only elite/ expert athletes (as
BMW drivers), and only athletes from a specific sport branch. Finally, it is not ensured that
the findings were not influenced by the participants’ expertise and were solely because of
driving a certain brand of car, because the present study has a cross-sectional and ex-post
facto design.

It seems interesting to analyze the relationship between the brand of car owned and the
attitudes towards traffic rules and safety. These attitudes could concern such rules as speed
limits, driving under the influence of alcohol, using baby seats, complying with mandatory
technical check-ups, and so forth. Results on drivers of various car brands may be valuable
when analyzed in conjunction with the contents of these brands’ advertisements.

Future studies should examine the possible dynamics of personality and individual
traits during a period of owning a BMW car (or a certain model of BMW car). It is
also worthwhile to answer the question of whether differences in other traits can be
distinguished among drivers based on the brand of car they drive, such as sensation
seeking, narcissism, self-efficacy, or sense of coherence [92], considering the instrumental
risk, the stimulating risk [62], or when talking about different factors of aggression: foul
play, go-ahead and assertiveness—Makarowski [93], verbal aggression, anger, hostility, and
physical aggression [94]. It is possible that the social perception of BMW drivers attracts
individuals with a specific personality profile. This question also requires further study.

5. Conclusions

The conclusions of the current research, carried out in seven countries, emphasized
that athletes as BMW drivers manifest a higher neuroticism level compared with drivers of
other German car brands. Specifically, male athletes as BMW drivers are significantly more
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neurotic than participants in the other three groups (female athletes as BMW drivers and
male and female athletes driving other German car brands), and significantly less agreeable
than female athletes as both BMW and other German car brands drivers.

Athletes (male and female) as BMW drivers also showed higher resiliency in terms
of total score and results on the following subscales: personal coping competences and
tolerance of negative emotions, tolerance of failures and perceiving life as a challenge,
and optimistic attitude towards life and capacity for self-mobilization in difficult situa-
tions compared with athletes driving other German car brands. Additionally, in terms of
the total Resilience score, only male athletes (as BMW drivers) registered a significantly
higher value than female athletes who were drivers of other German car brands (after
pairwise comparisons).

In the case of the competitive athletes, the scores for neuroticism represent a better
predictor of BMW preference as drivers than those results obtained for resilience. Various
techniques are presented to be performed by sports psychologists in collaboration with
athletes as BMW drivers, especially with male athletes, in order to reduce distress, increase
emotional balance, to help them acquire healthy behaviors, and increase overall quality
of life.
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16. Jovanović, D.; Lipovac, K.; Stanojević, P.; Stanojević, D. The effects of personality traits on driving-related anger and aggressive
behaviour in traffic among Serbian drivers. Transp. Res. F Traffic Psychol. Behav. 2011, 14, 43–53. [CrossRef]

17. Dahlen, E.R.; White, R.P. The Big Five factors, sensation seeking, and driving anger in the prediction of unsafe driving. Pers.
Individ. Differ. 2006, 41, 903–915. [CrossRef]

18. Wei, C.-H.; Lee, Y.; Luo, Y.-W.; Lu, J.-J. Incorporating Personality Traits to Assess the Risk Level of Aberrant Driving Behaviors for
Truck Drivers. Int. J. Environ. Res. Public Health 2021, 18, 4601. [CrossRef]

19. Li, P.Y. Constructing the Risk Level Models Based on Inter-City Bus Drivers’ Personalities. Master’s Thesis, Department of
Transportation and Communication Management Science, National Cheng Kung University, Tainan City, Taiwan, 2017.

20. Shen, B.; Qu, W.; Ge, Y.; Sun, X.; Zhang, K. The relationship between personalities and self-report positive driving behavior in a
Chinese sample. PLoS ONE 2018, 13, 1–16. [CrossRef]

21. Zhang, W.; Zeng, Y.; Yang, Z.; Kang, C.; Wu, C.; Shi, J.; Ma, S.; Li, H. Optimal Time Intervals in Two-Stage Takeover Warning
Systems With Insight Into the Drivers’ Neuroticism Personality. Front. Psych. 2021, 12, 601536. [CrossRef]

22. Darzi, A.; Gaweesh, S.M.; Ahmed, M.M.; Novak, D. Identifying the causes of drivers’ hazardous states using driver characteristics,
vehicle kinematics, and physiological measurements. Front. Neuro. 2018, 12, 568. [CrossRef]

23. Wontorczyk, A.; Gaca, S. Study on the Relationship between Drivers’ Personal Characters and Non-Standard Traffic Signs
Comprehensibility. Int. J. Environ. Res. Public Health 2021, 18, 2678. [CrossRef] [PubMed]

24. Matthews, G.; Desmond, P.A. Stress and driving performance: Implications for design and training. In Human Factors in
Transportation. Stress, Workload, and Fatigue; Hancock, P.A., Desmond, P.A., Eds.; Lawrence Erlbaum Associates Publishers:
Mahwah, NJ, USA, 2001; pp. 211–231. [CrossRef]

25. Beus, J.M.; Dhanani, L.Y.; McCord, M.A. A meta-analysis of personality and workplace safety: Addressing unanswered questions.
J. Appl. Psychol. 2015, 100, 481–498. [CrossRef] [PubMed]

26. Zicat, E.; Bennett, J.M.; Chekaluk, E.; Batchelor, J. Cognitive function and young drivers: The relationship between driving,
attitudes, personality and cognition. Transp. Res. F Traffic Psychol. Behav. 2018, 55, 341–352. [CrossRef]

27. Sutin, A.R.; Stephan, Y.; Luchetti, M.; Terracciano, A. Five-factor model personality traits and cognitive function in five domains
in older adulthood. BMC Geriat. 2019, 19, 343. [CrossRef] [PubMed]

28. Nechtelberger, M.; Vlasak, T.; Senft, B.; Nechtelberger, A.; Barth, A. Assessing Psychological Fitness to Drive for Intoxicated
Drivers: Relationships of Cognitive Abilities, Fluid Intelligence, and Personality Traits. Fron. Psych. 2020, 11, 1002. [CrossRef]

29. Wen, H.; Sze, N.N.; Zeng, Q.; Hu, S. Effect of music listening on physiological condition, mental workload, and driving
performance with consideration of driver temperament. Int. J. Environ. Res. Public Health 2019, 16, 2766. [CrossRef]
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Abstract: The purpose of this study was to compare the redox, hormonal, metabolic, and lipid profiles
of female and male basketball players during the seasonal training period, compared to their relative
sedentary controls. 20 basketball players (10 female and 10 male) and 20 sedentary controls (10 female
and 10 male) were enrolled in the study. Oxidative stress, adiponectin level, and metabolic profile
were determined. Male and female athletes showed an increased antioxidant capacity (27% for males;
21% for females) and lactate level (389% for males; 460% for females) and reduced salivary cortisol
(25% for males; 51% for females) compared to the sedentary controls. Moreover, a peculiar metabolite
(in particular, amino acids and urea), hormonal, and lipidic profile were highlighted in the two groups
of athletes. Female and male adaptations to training have several common traits, such as antioxidant
potential enhancement, lactate increase, and activation of detoxifying processes, such as the urea
cycle and arachidonic pathways as a response to inflammation. Moreover, we found different lipid
and amino acid utilization related to sex. Deeper investigation could help coaches in developing
training programs based on the athletes’ sex in order to reduce the drop-out rate of sporting activity
by girls and fight the gender stereotypes in sport that also have repercussions in social fields.

Keywords: sport metabolomics; oxidative stress; hormone signalling; adiponectin; basketball

1. Introduction

During exercise and regular training, several metabolic changes occur in an organism,
leading to the activation of adaptive mechanisms aimed at establishing a new dynamic equi-
librium, especially at the metabolic level, which guarantees health and better performance
in elite athletes [1]. Excessive training and effort could lead to chronic fatigue and muscle
damage, with lower performance. Therefore, these adaptive mechanisms are the result of a
fine balance between: (i) oxidative stress/inflammation induced by exercise that increases
performance and health, and (ii) oxidative stress due to excessive effort that causes fatigue
and muscle damage [2]. In this context, the role of oxidative stress and hormone signalling
linked to inflammation appears to be crucial for adaptation [2]. Elite athletes have a very
strong antioxidant defence system that guarantees free radical detoxification during acute
exercise and recovery and, at the same time, the regulation of several hormones ensures
adaptation [3,4].

Adiponectin is a signalling hormone with an anti-inflammatory effect, and its plasma
level is modified by training [5]. It is a myokine induced by pro-inflammatory mediators
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(e.g., interferon γ and TNF) [6] produced during training, and it exerts a protective effect
against oxidative stress [7]. It seems to play a role in adaptation to physical exercise, acting
in an autocrine/paracrine manner. Several studies have indicated that adiponectin plasma
concentration is determined by fat mass, with the additional independent effects of age
and sex: adiponectin concentration is higher in females and it increases with age [8–10].
Some authors have suggested that adiponectin plasma levels are inversely associated with
muscle strength [11], and most of this information has been gained through studies on
male athletes, while less is known about female athletes. It could be of particular interest
to evaluate training responses in relation to sex, since, between male and female athletes,
different hormonal, physiological, and muscular statuses exist, which may influence these
adaptive mechanisms. Comparison of these mechanisms could broaden our knowledge.
Most of the sex-related differences in sport performance are ascribed to androgens; in
particular, testosterone and its related metabolite, dihydrotestosterone [12–16]. This sex-
based difference is the premise to explain why males acquire larger muscle mass and
greater strength, larger and stronger bones, and higher circulating haemoglobin [16]. The
observed differences in hormonal, physiological, and muscular status between women
and men in physical exercise and adaptation may also be displayed at the metabolic level.
There may be sex-independent or sex-dependent traits in adaptations to sport.

Basketball is an intermittent team sport played on a court [17] and characterized
by frequent movement changes due to the transition between offense and defence [18].
These transitions differ in terms of movement pattern (e.g., running, jumping, or both),
intensity, distance, frequency, and duration, while jumping (unlike in other team sports)
approximately every minute [19,20]. Because of these frequent changes during the match,
there are periods of high intensity activity interspersed with periods of low or moderate
intensity, characterized by aerobic and anaerobic intermittent demands [19].

The aim of the present study is to evaluate plasma oxidative status, adiponectin,
cortisol, and steroid hormones related to plasma metabolites and fatty acid levels between
female and male basketball players, compared to relatively sedentary controls, with an
effort to elucidate the different and common traits between male and female adaptations to
physical exercise.

2. Materials and Methods
2.1. Design

This research was a preliminary cross-sectional study involving a total of 40 subjects:
10 female athletes, 10 female sedentary controls, 10 male athletes, and 10 male sedentary
controls. We wanted to highlight the metabolomic, hormonal, and lipidomic profiles of
young athletes attributable to training; therefore, we used female and male sedentary
people as controls for the physiological differences found within the population. After
initial screening, all participants received a complete explanation of the purpose, risks, and
procedures of the study. A written informed consent was provided prior to enrolment
in the study, which was conducted according to the policy statement set forth in the
Declaration of Helsinki, and all the experiments were conducted according to established
ethical guidelines. The study was approved by the local ethics committee of the University
of Florence, Italy (AM Gsport 15840/CAM_BIO).

2.2. Participants

A cohort of 10 female professional basketball players, 10 male professional basketball
players, and the respective controls, both 10 females and 10 males, were involved in
this study.

The male and female athletes were recruited from the local sports club in Florence
(Italy) “US AFFRICO-Firenze” and had been practicing this sport for more than 5 years.
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The control groups were recruited among students of the degree course in Motor
Sciences, Sport and Health at the University of Florence, and they did not practice any sports.
All subjects volunteered to participate following an explanation of all the experimental
procedures. They were all adults and of Caucasian ethnicity.

The participants completed a medical history and physical activity questionnaire in
order to determine their eligibility. None of them used antioxidant or nutritional supple-
ments. Subjects were selected because of non-smoking status, age, and stable body weight.
All females were enrolled randomly with respect to menstrual cycle.

2.3. Training Protocol

All players attended the training sessions during the whole season from September
until May, and the samples were collected during the twelfth week. The athletes trained at
least 5 times a week, according to specific training programs, with sessions lasting 2 h per
day. The training protocol involved both technical and aerobic exercise.

Team coaches tracked day-to-day training data for each player and for each training
session over the entire season. To assess their adherence to the training plans, the subjects
completed the physical activity questionnaires. In particular, we used the International
Physical Activity Questionnaires (IPAQ) [21], and the subjects included in category 3,
practicing 7 or more days of any combination of walking, moderate-intensity, or vigorous-
intensity activities, achieving a minimum of at least 3000 MET minutes/week, were selected.
In the present study, the athletic trainers used the rating of perceived exertion (RPE) system
of Carl Foster to monitor training load (TL) to obtain the individual responses of athletes
in different training sessions [22]. The RPEs of each player were registered across a whole
season, and RPE was measured following the completion of each set of exercise and 30 min
post-exercise (session RPE).

For both sexes, team coaches followed this classical training program: 30 min of
low-moderate running, followed by interval training runs to improve speed and simulate
different game situations. Then, as previously reported [23], 3 sets of 12 repetitions of
exercises for the shoulder muscles and 3 sets of 15 repetitions of exercises for the abdominals
(oblique and the rectus abdominis muscles) were performed.

2.4. Materials

Unless specified, all reagents were obtained from Bio-Rad Laboratories (Hercules, CA,
USA). Solvents used for the sample preparation and LC–MS/MS analysis have >99.9%
purity, as reported by the manufacturing companies. Acetonitrile (ACN) CHROMASOLV
was obtained from Honeywell (Charlotte, NC, USA). Methanol (MeOH) and formic acid
(HCOOH) were purchased from Sigma (St. Louis, MO, USA).

2.5. Procedures
2.5.1. Anthropometric Assessment

All subjects recruited were in the 18–30 age group. Anthropometric measurements
were performed at the time of biological samples. Weight was measured to the nearest
0.1 kg and height (H) to the nearest 0.5 cm. All measurements were performed in resting
conditions and by the same operator. Body mass index (BMI) was calculated from the ratio
of body weight (kg) to body height (m2).

2.5.2. Biological Samples

At the twelfth week of training of the athlete groups, a fasting capillary blood sample
was taken, using a heparinized microvette (Sarstedt ref. 85.1018), from the forefinger of each
volunteer after obtaining written and informed consent. The biological samples (capillary
blood and saliva) were collected in morning, 48 h after the last competition and 24 h after
the training session. Capillary collection was preferred to venous collection because of its
reduced invasiveness, simple execution, and lower cost; moreover, its small volumes of
samples were sufficient for the experiments carried out [23].
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2.6. Plasma Oxidative Stress Measurements

The antioxidant capacity and levels of reactive oxygen metabolites on plasma were
determined by using the BAP test (biological antioxidant potential) and the d-ROMs test
(derivates of Reactive Oxygen Metabolite). The biomarkers d-ROM and BAP were selected
based on their long-term stability. The measurements were carried out according to the
manufacturer’s instructions.

Analyses were performed using a free radical analyzer system (FREE Carpe Diem,
DIACRON INTERNATIONAL s.r.l, Grosseto, Italy) that included a spectrophotometric
device reader and a thermostatically regulated mini-centrifuge. The d-ROM results are
expressed in arbitrary units (UCarr), one unit of which corresponds to 0.8 mg/L of hydrogen
peroxide. The BAP results are expressed in µmol/L of the reduced ferric ions [24].

2.7. Adiponectin Western Blot Analysis

Plasma samples were clarified by centrifugation and total protein contents were
obtained using a Bradford assay. An equal amount of each sample (12.5 µg of total pro-
teins) was added to 4 × Laemmli buffer (0.5 M TrisHCl pH 6.8, 10% SDS, 20% glycerol,
β-mercaptoethanol, and 0.1% bromophenol blue) and boiled for 5 min. Samples were
separated on 12% SDS/PAGE and transferred onto a PVDF membrane using the Trans-Blot
Turbo Transfer System (Bio-Rad Laboratories, Hercules, CA, USA). PVDF was probed
with primary antibody (Acrp30 Santa Cruz) diluted 1:1000 in 2% milk, and then incubated
overnight at 4 ◦C. After incubation with horseradish peroxidase (HRP)-conjugated anti-
mouse IgG (1:10,000) (Santa Cruz Biotechnology, Dallas, TX, USA)), immune complexes
were detected with the enhanced chemiluminescence (ECL) detection system (GE Health-
care, Chicago, IL, USA) and by Amersham Imager 600 (GE Healthcare). For quantification,
the blot was subjected to densitometric analysis using the ImageJ 1.53 program. The
intensity of the immunostained bands was normalized with the total protein intensities
measured by Coomassie brilliant blue R-250 from the same PVDF membrane blot as previ-
ously reported [24].

2.8. Salivary Cortisol Measurement

The saliva samples of each participant were collected using a salivette cortisol (Sarstedt,
Nümbrecht, Germany). All saliva samples were taken at the same hour of the day to avoid
any variations due to circadian rhythm. Participants were instructed to not eat, drink,
or brush their teeth for 30 min before saliva collection. The cotton sliver of the salivette
was taken out and put in the sublingual for 1/2 min, and then put back into the salivette.
The samples were centrifuged at 2000 rpm for 2 min. Saliva flow was collected from the
salivette’s bottom and stored at −20 ◦C for further laboratory analysis.

Salivary cortisol was detected using a specific commercial enzyme-linked immunosor-
bent assay kit (item no. 500360 Cayman chem, Ann Arbor, MI, USA). Saliva samples
(50 µL) were used, and the assay was performed according to manufacturer-recommended
procedures. The sensitivity provided by the manufacturer is approximately 35 pg/mL,
with a detection range from 6.6–4000 pg/mL. The samples were analyzed in duplicate [25].

2.9. Gas Chromatography–MS (GC–MS) Analysis of Plasma Metabolites

Metabolite analysis of the plasma samples of the basketball players and control males
and females were performed as reported in Militello et al. [23]. Briefly, 100 µL of pooled
plasma samples were subjected to methanol/chloroform precipitation and the upper phase
was evaporated at room temperature in a rotovapor. The obtained metabolites were ana-
lyzed in triplicate by the GC–MS technique after their derivatization with N-trimethylsilyl-
N-methyl trifluoroacetamide (MSTFA). The MassHunter data processing tool (Agilent,
Santa Clara, CA, USA) was used to obtain a global metabolic profiling using the Fiehn
Metabolomics RTL library (Agilent G1676AA).
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2.10. Extraction of Steroid Hormones and Standard Preparation

An aliquot (50 µL) of plasma from the male and female basketball players and from the
control subjects weas added to four volumes of cold MeOH to precipitate the proteins and
to extract steroid hormones. After a sonication step of 10 min, samples were centrifuged
10 min at 12,000 rpm at 4 ◦C, and supernatants were recovered and dried under vacuum.

A similar procedure was used to extract steroid hormones spiked in depleted plasma,
in agreement with the guidelines of the certified Eureka kit (https://www.eurekakit.com,
accessed on 1 March 2021). A list of nineteen analytes at six levels of concentration enclosed
within physiological ranges was included in the datasheet of certified Eureka kit. Standard
mixtures were used to perform the quantitative analysis by external standard method.

All dried extracts were then suspended in 50 µL of MeOH containing 0.1% HCOOH
for the subsequent LC–MS/MS analysis.

The LC–MS/MS analysis was performed on an AB Sciex QTrap 4000 mass spectrome-
ter, coupled to an ExpressHT™ Ultra HPLC system (Eksigent). Each extract (5 µL), cooled at
4 ◦C on a refrigerated auto sampler, was injected and separated on a Halo C18 1.0 × 50 mm,
2.7 µm column (at 40 ◦C) by using a flow rate of 40 µL/min. An aqueous solution contain-
ing 5 mM ammonium formate (Sigma Aldrich, Saint Luis, MO, USA) and 0.1% HCOOH
was used as a mobile phase, while methanol acidified with 0.1% HCOOH was used as a
phase B. A 5 min gradient (0–1 min 30% B, 1–5 min 30–95% B) was applied, with a further
2 min at 95% B to wash the column.

LC–MS/MS analysis was performed in MRM ion mode in positive ion mode (ESI+).
The instrumental settings included precursor ions (m/z) and product ions (m/z), and
optimal collision energies as previously reported [24].

2.11. Transesterification of Fatty Acid in Plasma Samples

Methanol extracts deprived of the protein component (see above in paragraph “ex-
traction of steroid hormones”) were added with a methanolic solution containing 8% HCl,
up to a final HCl concentration of 2%. The reaction of transesterification was performed
overnight at 95 ◦C within a Reacti-Therm™ (Thermo Fisher Scientific™, Waltham, MA,
USA) system. At the end of the reaction, the mixture was added to an aqueous solution
(1 mL) and fatty acid methyl esters (FAME) were extracted by hexane (1 mL).

The same reaction was performed on a standard mixture containing palmitoleic acid,
palmitic acid, linoleic acid, and oleic acid (Sigma Aldrich) for the quantification by external
standard method.

After centrifugation, the hexane layer of all samples containing FAMEs was placed
into a gas chromatography vial, capped, and directly subjected to a GC analysis performed
as reported in Table 1.

Table 1. GC–MS parameters used for fatty acids analysis.

Rate (◦C/min) Value (◦C) Hold Time (min) Run Time (min)

(initial) 90 1 1
Ramp 1 10 140 2 8
Ramp 2 5 180 0 16
Ramp 3 10 280 5 31

2.12. Gas Chromatography–Mass Spectrometry (GC–MS) Analysis of Plasma Fatty Acid Methyl
Esters (FAMEs)

The gas chromatography (GC) analyses were performed using Agilent GC 6890 cou-
pled with a 5973 MS detector. Each hexane extract (1 µL) was injected into the GC–MS and
the analytes were separated on an HP-5 capillary column (30 m × 0.25 mm, 0.25 mM, 5%
polisilarilene, and 95% polydimethylsiloxane). Helium was used as the carrier gas at a rate
of 1.0 mL min−1. The GC injector was maintained at 230 ◦C, while the oven temperature
was held at 60 ◦C for 3 min, and then increased to 150 ◦C at 10 ◦C/min, increasing to 180 ◦C
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at 5 ◦C/min, and finally to 280 ◦C at 10 ◦C/min and held for 5 min, for a total separation
time of 30 min. The analyzer temperature was kept at 250 ◦C. The collision energy was
set to a value of 70 eV and the fragment ions generated were analyzed at a mass range of
20–500 m/z.

The identification of each compound was based on the comparison of retention time
with the relative standard and fragmentation spectra matching those collected into the
NIST 05 Mass Spectral Library.

2.13. Statistical Analysis

Data are presented as means +/− standard deviation (SD) from at least three ex-
periments. Statistical analysis was performed by two-way ANOVA (Tukey’s multiple
comparisons test) using GraphPad Prism 6.01. The Tukey test compared every mean with
every other mean, computing a confidence interval for multiple comparisons of 95% confi-
dence. Significance was defined as p < 0.05. We checked the normality and homogeneity
distribution of our data by the D’Agostino–Pearson and Brown–Forsythe tests, respec-
tively. For Western blot quantification, the blot was subjected to densitometric analysis
using the ImageJ program. As measure of the effect size, we reported the eta-squared
(η2) calculated in ANOVA (Tukey’s multiple comparisons test) performed on all groups
together using GraphPad Prism 8, considering the following intervals: 0.01–0.20 = small
effect; 0.21–0.60 = moderate effect; and 0.61–0.99 = high effect.

3. Results
3.1. Participants’ Characteristics

Descriptive characteristics of the participants as mean ± SD are presented in Table 2.
The mean age of the participants was 24.4 ± 4.2 years.

Table 2. Participants’ characteristics.

Characteristics

Mean (SD) Tukey’s Test a

Basket
Male

Control
Male

Basket
Female

Control
Female

BM vs.
CM BF vs. CF BM vs.

BF CM vs. CF

Age (year) 21 ± 2.2 26.1 ± 4.1 25.1 ± 5.5 26.9 ± 2.2 0.01 * 0.77 0.08 0.97
Weight (kg) 81.5 ± 10.2 73 ± 8.7 68.7 ± 11.9 58.7 ± 5.8 0.17 0.17 0.03 * 0.02 *
Height (cm) 186 ± 0.06 178.7 ± 0.06 175.6 ± 0.08 163.4 ± 0.06 0.06 0.003 ** 0.006 ** <0.0001 ****
BMI (kg/m2) 23.6 ± 2.7 22.9 ± 2.9 22.1 ± 2.05 22 ± 2.3 0.64 1.00 0.18 0.72

a Tukey’s test was performed by GraphPad Prism 8.0 software between the male basketball group (BM), male
control group (CM), female basketball group (BF), and female control group (CF) (* p < 0.05; ** p < 0.01; and
**** p < 0.0001).

Significant differences emerged between the heights of female basketball players in
comparison with the respective controls, and between males and females in both groups
(athletes and controls). As expected, males were taller and heavier than females. Despite
this, BMI was calculated, and no significant differences were found between the player
groups and the control groups (p = 0.64 for males, p = 1 for females; η2 = 0.084) and between
males and females (p = 0.18 for athletes, p = 0.72 for controls; η2 = 0.084). Although a
significant difference is evident in the age of male athletes compared to the controls, we
did not consider it relevant because they were still young males.

Plasma oxidative stress, adiponectin level, metabolite analysis, and salivary cortisol
measurements in females were derived from our previous study [23].
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3.2. Plasma Oxidative Stress and Salivary Cortisol Measurements

We measured antioxidant capacity (BAP) and the levels of oxidative species (d-ROM)
from all the participants, and the results are reported in Figure 1. In a detailed analysis
of antioxidant capacity (Figure 1A), we found a significant increase (25.2%, p < 0.001;
η2 = 0.655) in the male basketball players compared to the male control group, and the BAP
mean value was 2153.14 ± 211 µmol/L for the athletes in comparison with the controls
(1720.33 ± 216 µmol/L). Moreover, a significant increase (21.7%, p < 0.001; η2 = 0.655) was
observed in the female basketball players (1764.7 ± 163 µmol/L) compared to the female
control group (1450 ± 139 µmol/L).
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Figure 1. Plasma oxidative stress and salivary cortisol determination. (A) The antioxidant capacity
was evaluated using the BAP test (biological antioxidant potential). (B) The levels of reactive oxygen
metabolites using the d-ROM test (derivates of Reactive Oxygen Metabolite) by a free radical analyser
system (FREE Carpe Diem, DIACRON INTERNATIONAL s.r.l). (C) The cortisol levels measured
using an enzyme-linked immunosorbent assay kit. All the measurements (n = 10) were performed in
triplicate and are reported in the histograms as mean ± SD. Female data are from Militello et al., 2021.
The statistical analysis was carried out by two-way ANOVA using GraphPad Prism 8 (* p < 0.05;
** p < 0.01; *** p < 0.001; and **** p < 0.0001).

Significant differences were also found between males and females in both the bas-
ketball and control groups; in particular, male athletes showed an increase (22%; p < 0.001;
η2 = 0.655) compared to female athletes and an analog difference was found between con-
trol groups where, in fact, males showed an increase (18.6%; p < 0.05; η2 = 0.655) compared
to females.

Regarding d-ROM values (Figure 1B), the results showed that there is no signifi-
cant difference between the male athletes (271.9 ± 47 UCarr) and the respective controls
(275.5 ± 29 UCarr). On the contrary, the female athletes (281.1 ± 36 UCarr) showed a
decrease of d-ROM values of about 21.7% (p < 0.0001; η2 = 0.452) compared to the female
controls (358.8 ± 42 UCarr).

A significant difference was also shown in the control groups between males and fe-
males, with a decrease in male subjects of 23.2% (p < 0.0001; η2 = 0.452) compared to females.
The same difference was not found between the male and female basketball groups.

We determined the concentration of salivary cortisol (Figure 1C) and we found a
significant decrease (51%; p = 0.009; η2 = 0.385) in the female basketball group in compar-
ison to the female control group: the cortisol mean value was 1867.68 ± 659.83 pg/mL
for female controls and 915.09 ± 613.69 pg/mL for female basketball players. A signifi-
cant difference was found also in the male groups; in fact, the athletes showed a reduc-
tion of 25% (1478.3 ± 385 pg/mL, p = 0.017; η2 = 0.385) compared to the control values
(1979.65 ± 583.9 pg/mL).

There was no significant difference between control groups, but between the athlete
groups, the male basketball players had shown an increase of 61.5% (p = 0.004; η2 = 0.385)
in comparison with the female athletes.
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3.3. Plasma Adiponectin Determination

The plasma adiponectin level was determined by Western blot analysis as previously
reported [23]. In the female groups, no significant differences were found between athletes
and controls. Regarding the male groups, adiponectin levels showed a significant increase
of 35.4% (p < 0.0001, η2 = 0.230) in basketball players in comparison with the respective
controls (Figure 2). In addition, between the controls, we observed a significant decrease of
31.4% (p < 0.0001, η2 = 0.230) in males compared to females.
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Figure 2. Plasma adiponectin levels. (A) A representative immunoblot of adiponectin with the
corresponding Coomassie-stained PVDF membrane. (B) Relative quantification of adiponectin
carried out by the Image J program. Female data are from Militello et al., 2021. Statistical analysis
was performed by two-way ANOVA (Tukey’s multiple comparisons test) using GraphPad Prism 8.
Bars represent the mean ± SD (n = 10; **** p < 0.0001).

3.4. GC–MS Metabolomic Analysis of Plasma Samples

Intending to highlight the metabolic similarity and differences between female and
male basketball athletes, we determined their plasma metabolic profiles through GC–MS.
A total of 50 different compounds were identified (Supplementary Table S1).

In female athletes, compared to female controls, we found six statistically different
concentrated metabolites (Figure 3A). Among them, lactic acid (460%, p = 0.0013; η2 = 0.937),
urea (220%, p = 0.0361; η2 = 0.928), and ornithine (130%, p = 0.0467; η2 = 0.815) showed
an increase in athletes compared to controls, while hydroxybutyric acid (75%, p= 0.0258;
η2 = 0.641), L-glutamic acid (83%, p = 0.0353; η2 = 0.637), and L-asparagine (82%, p = 0.0498;
η2 = 0.663) were statistically decreased.

In males, as reported in Figure 3B, we found nine metabolites differentially con-
centrated in the basketball players compared to the controls. Among them, lactic acid
(389%, p = 0.0018; η2 = 0.937), acetohydroxamic acid (158%, p = 0.0081; η2 = 0.823), L-
ornithine (132%, p = 0.0294; η2 = 0.815), and L- valine (218%, p = 0.0002; η2 = 0.936) were
increased. On the contrary, L-glutamic acid (79%, p = 0.0467; η2 = 0.865), L-glycine (15%,
p = 0.0001; η2 = 0.970), methyl-beta-D-galactopyranoside (63%, p = 0.0206; η2 = 0.660), urea
(8%, p = 0.0005; η2 = 0.928), and uric acid (61%, p = 0.0091; η2 = 0.726) were decreased.
Interestingly, L-isoleucine was found only in the male athletes.

Comparing the athletes, we found eight metabolites differentially concentrated in
plasma. The amino acids L-ornithine (129%, p = 0.0472; η2 = 0.815), L-proline (149%,
p = 0.0011; η2 = 0.911), L-threonine (130%, p = 0.0435; η2 = 0.643), and L-valine (247%,
p = 0.0001; η2 = 0.936) were higher in males. Moreover, sorbitol (142%, p = 0.0128; η2 = 0.730)
and acetohydroxamic acid (191%, p = 0.0017; η2 = 0.823) were more abundant in males. On
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the contrary, L-glycine (14%, p = 0.0001; η2 = 0.970) and urea (7%, p = 0.0004; η2 = 0.928)
were lower in males compared to females.

With respect to the non-athlete subjects, we found that only L-proline (154%, p = 0.0021;
η2 = 0.911) and urea (191%, p = 0.0201; η2 = 0.928) were differentially concentrated, and
both were more abundant in males.
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Figure 3. Plasma metabolomic profile of female and male basketball players using gas
chromatography–mass spectrometry (GC–MS). (A) Histogram representation of plasma metabolites
whose relative abundance is statistically different between female basketball athletes and controls
(p < 0.05) (Militello et al., 2021). (B) Histogram representation of plasma metabolites whose rel-
ative abundance is statistically different between male basketball athletes and controls (p < 0.05).
(C) Histogram representation of plasma metabolites whose relative abundance is statistically different
between female and male basketball athletes (p < 0.05). (D) Histogram representation of plasma
metabolites whose relative abundance is statistically different between female and male controls
(p < 0.05). Statistical analysis was performed by two-way ANOVA (Tukey’s multiple comparisons
test) using GraphPad Prism 8.

337



Healthcare 2022, 10, 358

3.5. Steroid Hormones Evaluation in Plasma Samples

Nine steroid hormones were quantified in a LC–MS/MS single run by using an MRM
mode on plasma samples. The hormonal levels of both male and female of athletes were
compared to those of the relative control groups. The quantification of each steroid hormone
was obtained by the interpolation of extracted ion chromatogram peak area onto the relative
calibration curves built up for each analyte.

Our samples indicated that dehydroepiandrosterone (DHEA) and its sulphate (DHEA-
S; 182% for males, p = 0.0002; 169% for females, p = 0.0012; η2 = 0.9277) were enhanced in
both male and female subjects who practice basketball, compared to the control groups
(Figure 4A,B). Such increases enabled us to quantify the DHEA in the plasma of athletes
after basketball activity, which was otherwise under the detection limit in the control
subjects (Figure 4B). An analogue trend is observed for estrone (252% for males, p = 0.0001;
242% for females, p = 0.0002; η2 = 0.9549), testosterone (364% for males, p ≤ 0.05), and
17-OH-progesterone (303% for males, p = 0.0001; 451% for females, p = 0.0001; η2 = 0.9954),
displaying a significant increase following physical activity (Figure 4C). Interestingly, the
level of testosterone in the control females was below the limit of instrumental detection,
whereas it was detected in females as a consequence of physical activity. Finally, cortisol,
21-deoxycortisol, cortisone, and estradiol showed a different trend in relation to sex: cortisol
(78%, p = 0.0075; η2 = 0.8084), cortisone (70%, p = 0.0197; η2 = 0.7490), and estradiol (62%,
p = 0.0016; η2 = 0.8298) decreased only in female basketball players, while there was no
change in males, and 21-deoxycortisol (152%, p = 0.0094; η2 = 0.7197) increased in male
athletes, but not in females (p ≤ 0.05; Figure 4A,B).

Comparing the athletes, cortisol (124%, p = 0.0161; η2 = 0.8084), cortisone (139%,
p = 0.0252; η2 = 0.7490), 17-OH-progesterone (113%, p = 0.0038; η2 = 0.9954), and estradiol
(133%, p = 0.0396; η2 = 0.8298) were higher in males.

Finally, the male controls had higher 17-OH-progesterone (166%, p = 0.0019; η2 = 0.9954)
compared to the female controls.

3.6. Fatty Acids Evaluation in Plasma Samples

The quantification of plasma fatty acids was performed by the reaction of transesterifi-
cation, converting triglycerides and free fatty acid in the corresponding FAMEs, followed
by GC–MS analysis.

Our results showed that there was a general trend of the identified fatty acids to
decrease with physical activity, independent of sex. In particular, palmitoleic acid (36%
for males, p = 0.0001; 65%, p = 0.0369 for females; η2 = 0.9680), palmitic acid (34% for
males p = 0.001; 84% for females, p = 0.003; η2 = 0.9533), linoleic acid (35%, p = 0.0084
for males; 80%, p = 0.0332 for females; η2 = 0.9742), oleic acid (48% for males, p = 0.0001;
78%, p = 0.0157 for females; η2 = 0.9343), arachidonic acid (26%, p = 0.0047 for males; 59%,
p = 0.0001 for females; η2 = 0.9788), dihomo γ-linolenic acid (41%, p = 0.0001 for males;
14%, p = 0.0001 for females; η2 = 0.9764), 15-tetracosenoic (nervonic) acid (39% for females),
and tetracosanoic (lignoceric) acid (30% for females) decreased in both female and male
basketball players compared to the control groups (p ≤ 0.05; Figure 5). Even two C24 fatty
acids, e.g., 15-tetracosenoic (nervonic) acid and tetracosanoic (lignoceric) acid, decreased
because of the physical activity to concentrations lower than the limit of instrumental
detection in the male basketball players group. Interestingly, docosenoic acid was slightly
more abundant in females than males, but it did not change in relation to sport (Figure 5),
and stearic acid exhibited a different tendency in relation to physical activity and sex; in
fact, it decreased in the male basketball players (26%, p = 0.0001; η2 = 0.9714) but increased
in the female athletes (131%, p = 0.132; η2 = 0.9714) (Figure 5).

338



Healthcare 2022, 10, 358Healthcare 2022, 10, x  11 of 19 
 

 

 

Figure 4. Measurements of steroid hormones quantified in the plasma of both male and female 

basketball players vs their respective controls. The histogram representations were separated in 

three panels (A–C) in agreement with the order of magnitude expressed in ng/mL. The statistical 

analysis was carried out by two-tailed t-test using GraphPad Prism 8, and only statistically 

significant differences were reported (p < 0.05). 

Comparing the athletes, cortisol (124%, p = 0.0161; η2 = 0.8084), cortisone (139%, p = 

0.0252; η2 = 0.7490), 17-OH-progesterone (113%, p = 0.0038; η2 = 0.9954), and estradiol 

(133%, p = 0.0396; η2 = 0.8298) were higher in males. 

Finally, the male controls had higher 17-OH-progesterone (166%, p = 0.0019; η2 = 

0.9954) compared to the female controls. 

  

Figure 4. Measurements of steroid hormones quantified in the plasma of both male and female
basketball players vs their respective controls. The histogram representations were separated in
three panels (A–C) in agreement with the order of magnitude expressed in ng/mL. The statistical
analysis was carried out by two-tailed t-test using GraphPad Prism 8, and only statistically significant
differences were reported (p < 0.05).
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Figure 5. Comparison of the concentrations (expressed in mg/L) of FAME obtained by acid trans-
esterification of the plasma from both male and female basketball players and from the control
subjects. The statistical analysis was carried out by two-tailed t-test using GraphPad Prism 8 and
only statistically significant differences were reported (p < 0.05).

Comparing the athletes, linoleic acid (17%, p = 0.001; η2 = 0.9742), stearic acid (57%,
p = 0.0123) η2 = 0.9714), arachidonic acid (15%, p = 0.0001; η2 = 0.9788), and docosenoic
acid (59%, p = 0.0015; η2 = 0.8990) were lower in males.

There were also differences in the sedentary controls where, in fact, in male subjects,
palmitoleic acid (206%, p = 0.0001; η2 = 0.9680), palmitic acid (166%, p = 0.003; η2 = 0.9533),
oleic acid (160%, p = 0.0007; η2 = 0.9343), and stearic acid (278%, p = 0.0001; η2 = 0.9714)
were higher than in female subjects. Instead, linoleic acid (30%, p = 0.0001; η2 = 0.9742),
arachidonic acid (33%, p = 0.001; η2 = 0.9788), and docosenoic acid (60%; p = 0.0016;
η2 = 0.8990) showed the opposite trend, decreasing in the male subjects.

3.7. Metabolic Pathways Analysis

To have an overview of the metabolic process involved in adaptation to physical
activity, we used the plasma metabolites identified in this study, showing a statistically
significant increase/decrease level in female and male basketball players in comparison
with the relative sedentary controls. We used MetScape (http://metscape.med.umich.edu,
accessed on 10 March 2021—from Cytoscape), which provides a bioinformatics tool for the
interpretation of metabolomic data [26]. The results obtained are reported in Table 3. We
identified 14 metabolic pathways in common between female and male athletes, including,
among others, amino acids, fatty acids, and glycidic metabolism; 4 pathways typical of the
female metabolism involving mainly fatty acids; and 6 pathways characteristic of males,
including amino acids, fatty acids, and porphyrin metabolism (for details see Table 3).
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Table 3. The selected metabolic pathways obtained using plasma metabolites identified in this study
showing a statistically significant increase/decrease in the female and male basketball players in
comparison with the relative sedentary controls. The pathways analysis was carried out using the
MetScape 3 App for Cytoscape (http://metscape.med.umich.edu, accessed on 10 March 2021).

Metabolic Pathways Involved in Females and Males

Androgen and estrogen biosynthesis and metabolism
Arachidonic acid metabolism
Bile acid biosynthesis
C21-steroid hormone biosynthesis and metabolism
De novo fatty acid biosynthesis
Di-unsaturated fatty acid beta-oxidation
Glycolysis and gluconeogenesis
Histidine metabolism
Leukotriene metabolism
Linoleate metabolism
Omega-6 fatty acid metabolism
Purine metabolism
Urea cycle and metabolism of arginine, proline, glutamate, aspartate, and asparagine
Vitamin B9 (folate) metabolism

Metabolic pathways involved only in females
Butanoate metabolism
De novo fatty acid biosynthesis
Omega-6 fatty acid metabolism
Squalene and cholesterol biosynthesis

Metabolic pathways involved only in males
Glycine, serine, alanine, and threonine metabolism
Lysine metabolism
Porphyrin metabolism
Prostaglandin formation from arachidonate
Saturated fatty acids beta-oxidation
Valine, leucine, and isoleucine degradation

4. Discussion

The purpose of this study was to compare the redox, hormonal, metabolic, and
lipid profiles of female and male basketball players during the seasonal training period,
compared to the relative sedentary control groups. Further, this investigation aimed to
be descriptive and exploratory to deepen the understanding of biochemical alterations
that occur in adaptation to physical exercise in female and male athletes, underlining
their common and different traits. As the control, we planned to use untrained subjects
because they represent the reference value of the analyzed parameters, trying to highlight
the changes due only to regular physical activity.

In our experimental conditions, in female athletes with a body mass index comparable
to controls, the antioxidant capacity showed a significant increase and a reduction in
oxidative species. In males, we found a similar increase in the antioxidant capacity, although
the oxidative species are stackable with the relative controls. Therefore, it is known that
females had a greater oxidative status than males [27]. In our experimental conditions, we
observed in both sexes a general increase in antioxidant capacity. As previously reported
in our study, during physical activity there is an increase in ROS production due to the
stress of physical exercise [2]. Consequently, the high levels of antioxidant capacity of
female and male athletes attenuate this oxidant production. Several studies reported
that in basketball players, oxidative stress at the end of the season is not severe, despite
the high number of matches played, and this is probably thanks to the increases in the
antioxidant defense mechanisms [28,29]. The same trends were observed for other sports,
such as soccer, cycling, and swimming [2]. In this context, we suggest that in both sexes,
adaptation to physical exercise leads to an increase in antioxidant capacity that is able to
counteract the oxidative stress produced during exercise, guaranteeing health and better

341



Healthcare 2022, 10, 358

performance. However, high effort and excessive levels of oxidative stress can lead to a rise
in inflammatory markers and overtraining syndrome [5].

Resistance exercise and/or training elicits a milieu of acute physiological responses
and chronic adaptations that are critical for increasing muscular strength, power, hypertro-
phy, and local muscular endurance [30]. In our study, we analyzed several hormones, such
as salivary cortisol, plasma adiponectin, and several steroid hormones. Salivary cortisol
quantification revealed that both in females and in males, this hormone decreases with
athletic activity. This agrees with other studies that reported a reduction of cortisol for
both females and males after a match [31]. We also analyzed the same hormone in plasma,
finding a comparable trend for females and males, although in males, this difference is not
statistically significant. This divergence could be explained by the different techniques used
and/or by the biological samples analyzed; in fact, other authors have reported that cortisol
changes occurred simultaneously in plasma and saliva, but the timing of post-exercise
hormone moving varied between trials and individuals [32]. Moreover, specific proteins
binding cortisol affecting the circulating pool of bioactive free cortisol in plasma have been
described [33].

In this study, we evaluated the levels of adiponectin by Western blot, highlighting its
increase in male players. Similarly, Jurimae and colleagues found that in highly trained
athletes, during the recovery period, adiponectin levels increased [34,35]. Contrarily, in
females, we found that the plasma levels of this adipokine were not changed. Nevertheless,
the adiponectin levels that we found in control females was higher than in control males,
confirming the high levels of this adipokine in females [36,37]. Basketball is a sport more
associated with fast twitch muscular fibres (type II) mainly involved in quick bursts with
great power [16,38], than it is with slow twitch fibres (type I), which in turn are mainly
involved in endurance sports. Interestingly, males expressed 42% more of this type of
fibers than did females, which, in addition to showing a lower expression of AdipoR1 [37],
suggests a sex-related difference in adiponectin susceptibility.

Finally, we evaluated the levels of several steroid hormones. We found an increase of
testosterone, DHEA, estrone, and 17-OH-progesterone both in females and males. Testos-
terone increases muscle mass and strength over weeks to months, with a strong dose-
response evident from below to above physiological testosterone doses and concentra-
tions [16], and several reports have indicated its increase after exercise [39]. Likewise,
other authors have recorded a significant increase of DHEA levels monitored in the sera
of older athletes immediately after exercise [40]. In a similar manner, estrogens have
been shown to reduce bone resorption and muscle damage, which may have important
ramifications for musculoskeletal adaptations to resistance training [30]. On the other
hand, estradiol decreases in athletes, regardless of sex, as reported by others, emphasizing
the benefit of physical activity, especially for females to reduce the main risk factor for
estrogen-responsive breast cancer [41].

To have a further overview of the process involved in female and male adaptation
to physical exercise, we analyzed the plasma metabolic and lipid profiles of participants.
Comparing players versus sedentary subjects, our results showed that there was a general
trend of fatty acids decreasing with physical activity, independent of sex. This finding is
in agreement with the activation of fatty acid metabolism during physical activity, where
energy reservoirs of triacylglycerols stored within the adipose tissues were used as fuel for
working muscles [42].

The MetScape program (version 3.1.3) allowed us to identify the main metabolic
pathways implicated in physical exercise in females and males. These include amino acids,
fatty acids, and glycidic metabolism, but also arachidonic acid metabolism as a response to
the inflammation process [43]. Moreover, we identified the urea cycle, which is the main
system for ammonia elimination and detoxification, for reducing fatigue and improving
exercise endurance capacity [44]. Considering the pathways differentially involved among
the sexes, in females we observed mainly lipid metabolism (such as butanoate, squalene,
and others), while in males, we observed primarily amino acids metabolism, in particular
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the branched chain. Increases in serum BCAAs (branched chain amino acids) during or
after exercise may indicate their mobilization from either liver or muscle [45]. In skeletal
muscle, they promote glucose uptake and protein synthesis, thus playing an important role
during exercise and especially in post-exercise recovery. Moreover, exercise increases the
ability of mitochondria from skeletal muscle to oxidize BCAAs as an alternative source of
energy without inducing insulin resistance [46].

Already, other researchers have highlighted significant sex-related differences in en-
ergy and macronutrient metabolism within many tissues and organs, resulting in a distinct
metabolic profile between females and males and, in particular, the use of nutritional
fats and the distribution of fat depots, glucose homeostasis, amino acid transport, and
protein metabolism [47]. Moreover, sex differences in substrate metabolism during whole
body moderate-to-high intensity endurance exercise have also been reported, with females
shown to oxidize more fat and less carbohydrate than males when exercising at the same
relative intensity [48–50]. Our obtained data suggest that adaptation to training increases
this difference between male and female metabolisms.

Our analysis was performed 24 h after training sessions, and, interestingly, we ob-
served a relevant increase in lactate in athletes. Lactate, once recognized as merely a
product of glycogenolysis, is now seen as a carbohydrate fuel source [51,52] and a signaling
molecule contributing to mitochondrial adaptations in skeletal muscle [53,54]. We think
that it is a key regulator of adaptation, and, probably, the ability to produce and tolerate
high levels of blood lactate during effort is associated with a successful performance.

Further investigations are compelling to elucidate the role of lactate in adaptation to
physical exercise.

5. Limitation

The main limitation of this study is the lower number of participants belonging to the
same teams. Furthermore, our data relates exclusively to basketball, as it is characterized by
specific metabolic demands, and it cannot be transferred to all other sports. Therefore, this
should be considered a pilot study. It will be interesting to evaluate if the same differences
are also evident for sports with metabolic characteristics different from those of basketball
as analyzed in this study.

Moreover, we did not consider the menstrual cycle phase of female participants. There
are conflicting results on menstrual cycle phase effects on physical activity [55], with studies
reporting improved performance outcomes during the early follicular [56], ovulatory [57],
and mid-luteal [58] phases; whereas others have shown no changes in exercise performance
between menstrual cycle phases [59–61].

6. Conclusions

Despite its limitations, our study indicates that female and male adaptations to training
have several common traits, such as antioxidant potential enhancement, lactate elevation,
and activation of detoxifying process such as the urea cycle and arachidonic pathways
as a response to inflammation. We also highlighted some different sex-related behaviors,
including dissimilar lipid and amino acids utilization, which need further investigation.
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Abstract: The aim of this study was to characterize the salivary proteome and metabolome of highly
trained female and male young basketball players, highlighting common and different traits. A total
of 20 male and female basketball players (10 female and 10 male) and 20 sedentary control subjects
(10 female and 10 male) were included in the study. The athletes exercised at least five times per week
for 2 h per day. Saliva samples were collected mid-season, between 9:00 and 11:00 a.m. and away
from sport competition. The proteome and metabolome were analyzed by using 2DE and GC–MS
techniques, respectively. A computerized 2DE gel image analysis revealed 43 spots that varied in
intensity among groups. Between these spots, 10 (23.2%) were differentially expressed among male
athletes and controls, 22 (51.2%) between female basketball players and controls, 11 spots (25.6%)
between male and female athletes, and 13 spots (30.2%) between male and female controls. Among the
proteins identified were Immunoglobulin, Alpha-Amylase, and Dermcidin, which are inflammation-
related proteins. In addition, several amino acids, such as glutamic acid, lysine, ornithine, glycine,
tyrosine, threonine, and valine, were increased in trained athletes. In this study, we highlight that
saliva is a useful biofluid to assess athlete performance and confirm that the adaptation of men
and women to exercise has some common features, but also some different sex-specific behaviors,
including differential amino acid utilization and expression of inflammation-related proteins, which
need to be further investigated. Moreover, in the future, it will be interesting to examine the influence
of sport-type on these differences.

Keywords: physical exercise; basketball; saliva; metabolomics; proteomics; training; sport; sex

1. Introduction

Exercise is an important regulator of cellular metabolic pathways, and several studies
have focused on blood sampling to measure metabolites to investigate adaptations and
responses to acute and chronic exercise [1]. Acute and chronic training are two very
different exercise paradigms. Chronic exercise or exercise training is a repeated number
of exercise sessions over a short or long-term period, while acute is defined as a single
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session of exercise [2–4]. However, it is known that acute exercise, if continued, can lead to
muscle tissue damage, releasing proteins such as creatine kinase, myoglobin, or troponin
into the plasma, which can reach the saliva through active or passive flow [5]. Recently,
Franco-Martínez et al. [6] found sex-specific differences between men and women in the
salivary proteome at rest and after acute exercise and concluded that sex is the factor that
most strongly modulates salivary protein content. For these reasons, saliva is a useful
alternative to blood to study the molecules involved in exercise adaptation [7].

The measurement of total salivary content may provide a non-invasive, low-stress
method for assessing exercise-associated metabolic, hormonal, and immunologic status
and for evaluating exercise load while avoiding upper-respiratory-tract infections. Recently,
many studies have used saliva to assess concentrations of these compounds in response
to exercise and training [8], and its composition reflects systemic health status [9]. Saliva
is a hypotonic fluid composed mainly of water; electrolytes; and biomolecules such as
proteins [10], cellular and bronchoalveolar debris, nasal secretions [11], and secretions from
the salivary glands, which are composed of serous and mucous cells (acinar cells) and
different types of duct cells, and these components contribute differently to the composition
of saliva [12]. However, the major limitation in salivary samples is the inter-individual
variability, which is determined by various factors, such as sex, age, and circadian rhythms,
that may affect salivary composition, thus making a comparison between patients diffi-
cult [13,14].

Despite these limitations, it is interesting to monitor the concentration changes of
salivary metabolites that occur during strenuous exercise. Pitti et al. [15] reported an
altered concentration of 56 metabolites after a football match in the saliva of female athletes.
They concluded that these modifications could be due to changes in water content rather
than metabolite synthesis, especially after intense effort. In our previous studies, to delve
deeper into sex-specific adaptations to chronic in-season training, we examined oxidative
status, adiponectin, cortisol, steroid hormones, and fatty acid levels in the plasma of young
male and female athletes compared to matched sedentary controls [16,17]. We concluded
that the skeletal muscles of female athletes who train regularly during the competitive
season have higher plasma concentrations of urea than those of their male counterparts,
indicating increased protein catabolism that may lead to fatigue and overtraining. Females
and males have different muscle properties, such as a different size, number, and diameter
of muscle fibers, and this mainly explains the differences in maximum strength. This partly
explains the sex differences in fatigability [18].

The aim of the present study is to investigate the sex-specific changes in the salivary
proteome and metabolome of female and male basketball players during chronic training
and away from competitions. Since many studies have already been conducted on the
salivary proteome and metabolome in response to acute exercise, our first objective was to
determine the effects during continuous chronic training [19]. We also wanted to investigate
the influence of sex in sport adaptations, since male and female players underwent the
same type of training. Interestingly, in a previous study we analyzed the plasma proteome
and metabolome of the same highly trained athletes [16,17]. Overall, we hypothesized
that the salivary proteome and metabolome may reflect the sex-specific sport adaptation
identified in plasma samples. Indeed, in plasma, we found that regular exercise reduced
the concentrations of proteins involved in chronic inflammation in females [17]; similarly,
in this study, we found lower concentrations of inflammation-related proteins, such as
Immunoglobulin A, Alpha-Amylase, and Dermcidin, in female athletes, compared to
male players.

2. Materials and Methods

Unless specified, all reagents were obtained from Bio-Rad Laboratories (Hercules, CA,
USA). Solvents used for the sample preparation and LC–MS/MS analysis have >99.9%
purity, as reported by the manufacturing companies. Acetonitrile (ACN) CHROMASOLV
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was obtained from Honeywell (Charlotte, NC, USA). Methanol (MeOH) and formic acid
(HCOOH) were purchased from Sigma (St. Louis, MO, USA).

2.1. Participants

Students from the University of Florence enrolled in a degree course in Motor Sciences,
Sport, and Health were recruited as sedentary subjects, while basketball players from
local sports clubs, “US AFFRICO Firenze”, were selected. All participants were adults of
Caucasian origin aged between 18 and 30 years. Women were randomly selected in relation
to menstrual cycle. All subjects completed a physical activity questionnaire to determine
their eligibility, using, in particular, the International Physical Activity Questionnaires
(IPAQs) [20].

All participants were selected based on their health status, age, and stable body weight.
Individuals who smoke and use antioxidants or dietary supplements were excluded from
the study. All players attended the training sessions throughout the season, from September
to May, and samples were collected during the 12th week. Athletes trained at least 5 times
per week, with sessions of 2 h per day, as previously reported [17]. Briefly, the training
protocol included both technical and aerobic exercises: 30 min of low–moderate running,
followed by interval training runs to improve speed and simulate different game situations,
3 sets of 15 repetitions of exercises for the abdominals (oblique and the rectus abdominis
muscles) and 3 sets of 12 repetitions of exercises for the shoulder muscles. Both male and
female athletes followed the same training protocol [16].

Written informed consent was obtained from the participants; the research was carried
out according to the policy statement set forth in the Declaration of Helsinki of 2013 and
authorized by the local Ethics Committee of the University of Florence, Italy (AM_Gsport
15840/CAM_BIO).

2.2. Saliva Samples Collection and Preparation

Subjects completed a questionnaire about their lifestyle habits and other general
information. Saliva samples (3 mL) were collected in the morning, between 9:00 and
11:00 a.m., to avoid fluctuations due to circadian rhythms, before daily training sessions
and outside of competition. Participants were instructed not to eat, drink, or brush their
teeth for 30 min prior to collection. Saliva samples from each participant were collected by
using Salivette Cortisol (Sarstedt AG and Co., Nümbrecht, Germany) and were stored in a
freezer at −80 ◦C until their use. The cotton sliver of the Salivette was taken out and placed
in the sublingual for 1/2 min and then put back into the Salivette. Samples were then
centrifuged at 2000 rpm for 2 min. Saliva samples were grouped in four different pools,
i.e., one for each group involved in the study; therefore, each pool consisted of the saliva
samples of 10 subjects. For proteomic analysis, saliva pools were precipitated overnight at
−20 ◦C with ice-cold acetone (1:5) and then centrifuged for 30 min at 9000 rpm. The acetone
was then removed, and the residuals were left to evaporate. A total of 150 µL of rehydration
solution composed of 8 M urea, 4% (w/v) 3-((3-cholamidopropyl) dimethylammonio)-1-
propanesulfonate (CHAPS), and 50 mM Dithiothreitol (DTT) was used to suspend the
pellets. A Bradford assay was carried out to assess the total protein contents.

2.3. Two-Dimensional Polyacrylamide Gel Electrophoresis (2DE)

A total of 30 µg of protein samples was loaded on 11 cm IPG strips, pH 3–10 NL
(Bio-Rad Laboratories, Hercules, CA, USA), that were actively rehydrated for 16 h (at 50 V)
in 200 µL of rehydration solution supplemented with 0.5% (v/v) carrier ampholyte (Bio-Rad
Laboratories, CA, USA) and a trace of bromophenol blue. Isoelectric focusing (IEF) was
carried as follow: 250 V for 20 min (rapid), from 250 to 8000 V for 1 h, and then 8000 V
until a total of 23,000 V/h was reached, with a limiting current of 50 µA/strip. Strips were
then equilibrated for 15 min in 6M urea, 30% (v/v) glycerol, 2% (w/v) SDS, and 2% (w/v)
DTT in 0.05 M Tris-HCl buffer (pH 6.8), and for 15 min in the same solution with 2.5%
(w/v) iodoacetamide instead of DTT. The strips were moved on 9–16% polyacrylamide
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linear gradient gels, and SDS–PAGE was performed at 200 V until the dye front reached
the bottom of the gel. Ammoniacal silver nitrate stain was used for analytical gels, as
previously described [21]. For preparative gel, 200 µg of proteins (50 µg from each pool)
was used, and the gel was stained with colloidal Coomassie blue G-250 [22].

2.4. Protein Identification by Mass Spectrometry
2.4.1. In Situ Digestion of 2DE Spots

Each 2DE spot was manually picked up from Coomassie-stained preparative gels and
subjected to in situ digestion, as previously described [17]. Peptide mixtures were eluted
from each gel and recovered after several washings by using 0.1% formic acid (HCOOH)
and acetonitrile (ACN). Finally, the peptide mixture was vacuum-dried and resuspended
in 2% ACN containing 0.1% HCOOH for the subsequent liquid chromatography–tandem
mass spectrometry (LC–MS/MS) analysis.

2.4.2. LC–MS/MS Analysis

A 6520 Accurate-Mass Q-TOF LC/MS system (Agilent Technologies, Santa Clara, CA,
USA) equipped with a 1200 HPLC system and a chip cube (Agilent Technologies, Santa
Clara, CA, USA) was used to analyze the peptide mixtures. The peptide mixture (1 µL) was
automatically injected by an autosampler and desalted at a flow rate of 4 µL/min in a 40 nL
enrichment column with 0.1% HCOOH as an eluent. A C18 reverse-phase capillary column
(75 mm × 43 mm) included into an Agilent Technologies chip (Santa Clara, CA, USA) was
used to fractionate the sample at a flow rate of 400 nL/min, with a linear gradient of eluent
B (0.1% HCOOH in 95% ACN) in A (0.1% HCOOH in 2% ACN) from 5 to 80% in 50 min.

An analysis of the peptide was carried out by using the data-dependent acquisition
of one MS scan (mass range m/z 300–2400), followed by an MS/MS scan of the five most
abundant ions in each MS scan. MS/MS spectra were measured automatically when the MS
signal was greater than the threshold of 50,000 counts. Charge ions preferably isolated were
double, triple, and quadruple, and they were fragmented over singly charged ions. The
acquired MS and MS/MS data were converted in a .mgf file, using Mass Hunter software
(Agilent Technologies, Santa Clara, CA, USA), in order to be used for protein identification,
with a licensed version of Mascot Software (London, UK). Searches were performed by
using UniProtKB and the NCBI protein database with Homo sapiens taxonomy. Mascot
search parameters were as follows: trypsin as an enzyme, allowed number of missed
cleavage 3; carbamidomethyl, C as fixed modifications; oxidation of methionine (Met),
pyro-Glu (N-terminal Gln and Glu) as variable modifications and peptide charge from +2
to +4. A mass tolerance value of 10 ppm was set for the precursor, and 0.2 was set for the
fragment ions. Proteins identified with at least 1 peptide displaying a p-value < 0.05 were
selected as significant.

2.5. Western Blot Analysis

An equal amount of four different pools of saliva samples (10 µg of total proteins) was
combined with 4× Laemmli buffer (0.5 M TrisHCl pH 6.8, 10% sodium dodecyl sulfate
(SDS), 20% glycerol, β-mercaptoethanol, and 0.1% bromophenol blue) and boiled for 5 min.
After that, 12% SDS/ polyacrylamide gel was used to separate samples that ware then
transferred onto polyvinylidene fluoride membrane (PVDF), using the Trans-Blot Turbo
Transfer System (BIO-RAD Laboratories, CA, USA). The PVDF was probed with primary
antibody Alpha-Amylase (sc-46657), Immunoglobulin A (IgA) (sc-166334), and Dermcidin
(sc-33656), all provided by Santa Cruz Biotechnology (Santa Cruz Biotechnology, Santa
Cruz, CA, USA), and Cystatin A (GT2264), which was provided by GeneTex (GeneTex,
Irvine, CA, USA); diluted 1:1000 in 2% milk; and incubated overnight at 4 ◦C. An enhanced
chemiluminescence (ECL) detection system (GE Healthcare, Chicago, IL, USA) and Amer-
sham Imager 600 (GE Healthcare, IL, USA) were used to detect the bands after incubation
with horseradish peroxidase (HRP)-conjugated anti-mouse IgG (1:10,000) (Santa Cruz Labo-
ratories, Santa Cruz, CA, USA). The PVDF membrane was stained with Coomassie brilliant
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blue R-250 blot, and the total protein intensities were used to normalize the intensity of the
immuno-stained bands. The blot was analyzed by using the ImageJ program, as described
previously [23].

2.6. Analysis of Salivary Samples by Gas Chromatography–Mass Spectrometry (GC–MS)

Metabolite analyses were performed on four pools of salivary samples, one for each
group (BM, BF, CM, and CF). The same volume of saliva from each participant was taken
to make each pool in order to reduce intraindividual variability of metabolites levels. The
GC–MS analysis was carried out on 150 µL of saliva, as reported by Luti et al. 2020 [18],
but with slight modifications. Briefly, 150 µL of the samples was mixed with 150 µL ice-
cold MeOH (#34854-1; Sigma Aldrich, Darmstadt, Germany) containing 20 µM norvaline
(#N7502; Sigma Aldrich), which served as an internal standard, and 150 µL of chloroform
(ratio 1:1:1; #900688-1; Sigma Aldrich). Then samples were vortexed at 4 ◦C for 20 min,
centrifuged at 8000× g for 10 min at 4 ◦C, and the upper phase was collected in a new tube
and evaporated at room temperature in a rotavapor.

For derivatization, dried polar metabolites were dissolved in 30 µL of 2% methoxyamine
hydrochloride (#226904; Sigma Aldrich) in pyridine (25104; Thermo Fisher Scientific,
Waltham, MA, USA) and held at 30 ◦C for 90 min. After dissolution and reaction, 45 mL
MSTFA + 1% TMCS (69478-10x; Sigma Aldrich) was added, and samples were incubated at
37 ◦C for 60 min. Gas chromatographic runs were performed with helium as carrier gas at
0.6 mL/min at an inlet temperature of 250 ◦C. The GC oven temperature ramp was from 60
to 325 ◦C, at 10 ◦C/min. The data acquisition rate was 10 Hz. For the Quadrupole, an EI
source (70 eV) was used, and full-scan spectra (mass range from 50 to 600) were recorded
in the positive ion mode. The injection volume was 1 µL, and a split ratio of 1:10 was used.

Global metabolic profiling was obtained by using a MassHunter data-processing
tool (Agilent). Metabolite identification was performed at level 1, as proposed by the
metabolomics standards initiative [24], using a retention index and mass spectrum as the
two independent and orthogonal data required for identification. A Fiehn Metabolomics
RTL library (Agilent G1676AA) was used as the reference library of compounds [25]. For
the identification of significant metabolic pathways involved in male and female in-season
chronic training, we used MetaboAnalyst 4.0 (http://www.metaboanalyst.ca, date: 10
April 2022). A p-value < 0.05 and a false discovery rate (FDR) < 0.1 were used to select the
involved pathways [26].

2.7. Image and Statistical Analysis

Data are presented as means +/− standard deviation (SD) from at least three experi-
ments. Amersham Imager 600 (GE Healthcare) was used to scan the 2DE images which
were saved with a resolution of 300 dpi and in 16-bit TIFF format. Progenesis SameSpots
software v4.0 (Nonlinear Dynamics, UK) was used to perform image analysis after spots
detection and background subtraction. We selected as the reference image the gel scan
showing the best protein pattern, and its spots were used to match, quantify, and normal-
ize the spots volume across all the other gels. The default parameters of the Progenesis
SameSpots Stat module were used to perform the statistical analysis and principal compo-
nent analysis. The differentially expressed spots were identified by using one-way ANOVA
(p-value < 0.05), and to find out the significant differences between groups, Tukey’s multiple
comparisons test, using GraphPad Prism v8.0 software, was performed. The Tukey test
compared every mean with every other mean, computing a confidence interval for multiple
comparisons of 95% confidence. Significance was defined as p-value < 0.05.

We checked the normality and homogeneity distribution of our data by the D’Agostino–
Pearson and Brown–Forsythe tests, respectively. As a measure of the effect size, we reported
the eta-squared (η2) calculated in ANOVA (Tukey’s multiple comparisons test) performed
on all groups together, using GraphPad Prism 8, considering the following intervals:
0.01–0.20 = small effect, 0.21–0.60 = moderate effect, and 0.61–0.99 = high effect [16]. The
power analysis performed post hoc with GPower 3.1 confirmed that the sample size is
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satisfactory for a power of 0.90 and p < 0.05 for each variable analyzed, with the only
exception being L-glutamic acid, for which the power is 0.5.

3. Results

The characteristics of 20 professional basketball players (10 female and 10 male) and
20 sedentary participants (10 male and 10 female) as controls are reported in Table 1.

Table 1. Participants’ characteristics.

Characteristics Mean (SD) Tukey’s Test a

BM CM BF CF BM vs. CM BF vs. CF BM vs. BF CM vs. CF

Age (year) 21 ± 2.2 26.1 ± 4.1 25.1 ± 5.5 26.9 ± 2.2 0.01 * 0.77 0.08 0.97
Weight (kg) 81.5 ± 10.2 73 ± 8.7 68.7 ± 11.9 58.7 ± 5.8 0.17 0.17 0.03 * 0.02 *
Height (cm) 186 ± 0.06 178.7 ± 0.06 175.6 ± 0.08 163.4 ± 0.06 0.06 0.003 ** 0.006 ** <0.0001 ****
BMI (kg/m2) 23.6 ± 2.7 22.9 ± 2.9 22.1 ± 2.05 22 ± 2.3 0.64 1 0.18 0.72

a Tukey’s test was performed by GraphPad Prism 8.0 software between male basket group (BM), male control
group (CM), female basket group (BF), and female control group (CF): (* p-value < 0.05), (** p-value < 0.01), and
(**** p-value < 0.0001).

In summary, the mean age of all participants was 24.4 ± 4.2 years, and no significant
differences were found in the Body Mass Index (BMI) between the player groups and
the control groups (p-value = 0.64 for males, and p-value = 1 for females; η2 = 0.084) and
between males and females (p-value = 0.18 for athletes, and p-value = 0.72 for controls;
η2 = 0.084), despite the fact that males were taller and heavier than females in both groups
(athletes and controls) and female athletes were taller than the respective control. Moreover,
all the professional basketball players, both male and female, trained at least five times a
week, according to the specific training programs reported previously [16].

3.1. Overview of Saliva Protein Profiles

The 2DE silver-stained gel images were analyzed by Progenesis SameSpots software 4.0
(Nonlinear Dynamics, UK), using default parameters. A representative gel for each group
was reported in Figure 1a. Each saliva sample was run in triplicate to obtain statistically
significant results. After automatic spot identification, an average of about 1157 protein
spots was detected in each gel. The computational 2DE gel image analysis pointed out
72 differentially expressed protein spots (ANOVA p-value < 0.05), while the Tukey’s test
showed that 43 of them were differentially expressed in groups that can be compared to
each other, as reported in Supplementary Table S1: the terms of comparison chosen were
the practice of sport and sex. Among these spots, 10 (23.2%) were differentially expressed
between male athletes and controls, 22 (51.2%) between female basketball players and
controls, 11 spots (25.6%) were differentially expressed between male and female athletes,
and 13 spots (30.2%) between male and female controls.
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Figure 1. Proteomic profile of Basketball players and controls. (a) Representative 2DE images of 
silver-stained gels of saliva proteins run on NL pH 3–10 IP strip and in 9–16% polyacrylamide linear 
gradient. Circles and numbers indicate statistically differentially abundant proteins between the 
four groups analyzed, as reported in Table 2. (b) Multivariate analysis of the 2DE gel images results 
using Principal Components Analysis (PCA) performed by Progenesis SameSpots 4.0 software 
(Nonlinear Dynamic, UK). 

3.2. Principal Component Analysis 
A multivariate analysis PCA (principal component analysis) was carried out to ob-

tain an overview of the proteomic data for overall trends in all groups. In the PCA biplot 
shown in Figure 1b, each dot describes the collective expression profiles of one sample; 
gels were grouped according to the difference of protein spot abundance, and the plot 
demonstrates consistent reproducibility among repeated samples within each group. The 
PCA biplot reveals four distinct main protein profile groups corresponding to the (i) bas-
ketball male group (pink circle), (ii) basketball female group (violet circle), (iii) control 
male group (blue circle), and (iv) control female group (orange circle). The first principal 
component, which distinguished 37.68% of the variance, clearly separates the proteome 
data of female controls group from the other groups, while the second component, with 
an additional 23.38% of variance, clearly distinguished the basketball male group from 
the basketball female group. The PCA plot suggests that sport training drastically affects 
the protein pattern; in fact, the greater differences are evident between the athletes than 
between the controls.  

3.3. Proteins Differentially Modulated by Exercise and Sex 
The proteins modulated by chronic in-season training or sex identified by the mass 

spectrometry approach are reported in Table 2. By comparing the proteins differentially 
expressed between athletes and sedentary controls, we found the protein Collagen-1(I) 
chain (P02452) to be downregulated in both male and female athletes (fold change −2.9 in 
male and −2.6 in female). We found three proteins, Immunoglobulin heavy constant alpha 
1 and alpha 2 (P01876 and P01877, respectively) and the protein Alpha-Amylase 1A 
(P0DTE8) detected in multiple spots within the gel and with different fold changes, and it 
is likely that different forms of the same protein, processed or post-translationally modi-
fied, migrate differently. Post-translational modifications of Immunoglobulins are very 
frequent and often are associated with physiological and pathological conditions [27], 
while proteomic studies reported that Alpha-Amylase could be detected in more than 
twenty spots on 2DE gels. Indeed, posttranslational modifications can give rise to a pat-
tern of isozymes [28,29]. 

Figure 1. Proteomic profile of Basketball players and controls. (a) Representative 2DE images of
silver-stained gels of saliva proteins run on NL pH 3–10 IP strip and in 9–16% polyacrylamide linear
gradient. Circles and numbers indicate statistically differentially abundant proteins between the four
groups analyzed, as reported in Table 2. (b) Multivariate analysis of the 2DE gel images results using
Principal Components Analysis (PCA) performed by Progenesis SameSpots 4.0 software (Nonlinear
Dynamic, UK).

3.2. Principal Component Analysis

A multivariate analysis PCA (principal component analysis) was carried out to obtain
an overview of the proteomic data for overall trends in all groups. In the PCA biplot shown
in Figure 1b, each dot describes the collective expression profiles of one sample; gels were
grouped according to the difference of protein spot abundance, and the plot demonstrates
consistent reproducibility among repeated samples within each group. The PCA biplot
reveals four distinct main protein profile groups corresponding to the (i) basketball male
group (pink circle), (ii) basketball female group (violet circle), (iii) control male group (blue
circle), and (iv) control female group (orange circle). The first principal component, which
distinguished 37.68% of the variance, clearly separates the proteome data of female controls
group from the other groups, while the second component, with an additional 23.38% of
variance, clearly distinguished the basketball male group from the basketball female group.
The PCA plot suggests that sport training drastically affects the protein pattern; in fact, the
greater differences are evident between the athletes than between the controls.

3.3. Proteins Differentially Modulated by Exercise and Sex

The proteins modulated by chronic in-season training or sex identified by the mass
spectrometry approach are reported in Table 2. By comparing the proteins differentially
expressed between athletes and sedentary controls, we found the protein Collagen-1(I)
chain (P02452) to be downregulated in both male and female athletes (fold change −2.9
in male and −2.6 in female). We found three proteins, Immunoglobulin heavy constant
alpha 1 and alpha 2 (P01876 and P01877, respectively) and the protein Alpha-Amylase
1A (P0DTE8) detected in multiple spots within the gel and with different fold changes,
and it is likely that different forms of the same protein, processed or post-translationally
modified, migrate differently. Post-translational modifications of Immunoglobulins are
very frequent and often are associated with physiological and pathological conditions [27],
while proteomic studies reported that Alpha-Amylase could be detected in more than
twenty spots on 2DE gels. Indeed, posttranslational modifications can give rise to a pattern
of isozymes [28,29].
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As reported above, we observed that exercise’s effects on saliva proteins were not
similar for males and females. Moreover, we also evaluated the possible sex-related
differences in sedentary controls. In the male controls, we found increased levels of the
proteins Dermcidin (P81605) (Spots 30, 31, 32, and 43) and Cystatin-A (P01040), which were
both found in more of one spot (Spots 31 and 32), and Albumin (P02768) (42). Dermcidin
was also found in Spot 33, where its modulation is related to sport and sex, and it is
upregulated in male athletes (fold change 2.7).

3.4. Saliva IgA, Alpha-Amylase, Dermcidin, and Cystatin a Determination

To confirm the differential expression levels of the identified proteins, we performed
a Western blot analysis of IgA and Alpha-Amylase, whose expression increased in male
athletes compared with female players (Figure 2a,b). The Western blot analysis confirms
the results obtained by the proteomic analyses; in fact, IgA was lower in female athletes in
comparison to male players, as reported in Spot 33, and in comparison to control females,
as reported in Spots 1, 2, 3, 4, and 6. For Alpha-Amylase, the Western blot analysis confirms
the trend observed in Spot 5, in which only this protein was identified. However, it does
not validate the decreased level in basketball female players in comparison to their controls
observed also in other spots, such as Spots 1, 2, 3, 4, 6, 9, and 15. It is important to underline
that, in all the spots, more than one protein was identified, and the fold changes reported
in Table 2 were calculated through an analysis performed on silver stain gel. The presence
of different proteins in the same spot could explain why these results were not confirmed
by the Western blot. Furthermore, IgA and Alpha-Amylase are abundant proteins in saliva,
and, like albumin in blood, they appear over a wide range of pH values and molecular
weights, they so were found in different spot interfering with proteomic studies.
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Figure 2. Validation of proteomic results. Histograms and representative immunoblot images of
(a) Immunoglobulin A and (b) Alpha-Amylase in BM (basketball male group), CM (control male
group), BF (basketball female group), and CF (control female group). Normalization of immunoblot
was performed on Coomassie-stained PVDF membrane. The statistical analysis was carried out by
two-tailed t-test, using Graphpad Prism 6 (* p < 0.05; ** p < 0.01). (c) Representative image of 2DE
silver-stain spots, (d) 2DE Western blot for Dermcidin, and (e) Cystatin A.

Dermcidin was found to be increased in the control males compared to the females
in more than one spot (Spots 30, 31, 32, and 43; Figure 2c), so we decided to perform a
Western blot analysis on 2DE gel, as reported in Figure 2d. We confirmed the presence of
Dermcidin in Spots 31, 32, and 43, and we also identified Dermcidin in Spot 37 (Figure 2d)
that was further validated by mass spectrometry, confirming the presence of this protein as
reported in Table 3. In addition, the identification of Spot 43 shows Dermcidin as a unique
protein, but its expression is modified only in the controls (increased in male vs. female).
Spots 37 and 43 show a similar size but different isoelectric points, as is evident from the
gel in Figure 1a. Dermcidin is secreted into sweat, where it is proteolytically processed
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and also post-translationally modified in order to give rise to antimicrobial peptides, thus
explaining its presences in several spots [30]. Furthermore, it is also released by skeletal
muscles, and the full-length protein stimulates apoptosis under hypoxic conditions [31].

Table 3. Dermcidin validation by mass spectrometry.

Spot No. a Accession
No. b Description Coverage (%) c Unique

Peptides d Score Mascot e Score Sequest
HT f

31–32 P81605 Dermcidin 21 2 64 2.22
37 P81605 Dermcidin 21 2 70 5.09
43 P81605 Dermcidin 25 4 147 14.15

a Spot numbers reported in the 2DE Western blot shown in Figure 3d. b Accession number in Swiss-
Prot/UniprotKB. c Percentage of the protein sequence covered by the peptides. d Total number of peptide
sequences unique to the protein group. e Cumulative protein score based on summing the ion scores of the unique
peptides identified. f Sum of the scores of the individual peptides from the Sequest HT search.

Moreover, in Spots 31 and 32, another protein, Cystatin A, was identified with a higher
protein coverage and score. In Figure 2e, the immunoblot quantifications were reported,
confirming the results of Cystatin A modulation.

3.5. Metabolites Differentially Modulated by Exercise and by Sex

The metabolic modulation of salivary samples due to the chronic training was evalu-
ated through GC–MS, and each compound obtained was identified by the Fiehn library,
which allows users to identify several salivary compounds differentially expressed between
the groups (Figure 3 and Table 4). The overall identified metabolites were reported in
Supplementary Table S2. Metabolite concentrations were normalized by using both saliva
volume (for each group, 150 µL) and total metabolites concentration according to Pitti
et al. [15] with similar results.

Table 4. Differentially expressed metabolites identified in saliva samples by gas chromatography–
mass spectrometry (GC–MS) analysis.

Compound Name CAS Number * Formula KEGG ID ◦
Fold Change/Tukey’s Test

BM vs. CM BF vs. CF BM vs. BF CM vs. CF

D-allose 579-36-2 C6H12O6 C01487 −3.1/*** −1.8/* ns ns
D-mannitol 87-78-5 C6H12O6 C00392 ns 2.4/*** −2.1/*** ns

L-glutamic acid 56-86-0 C5H9NO4 C00025 3.2/**** 2.2/*** ns ns
L-lysine 56-87-1 C6H14N2O2 C00047 5.0/**** 3.0/* ns ns

L-ornithine 70-26-8 C5H12N2O2 C00077 5.2/** 4.0/* ns ns
L-threonine 72-19-5 C4H9NO3 C00188 8.9/** ns ns ns

L-valine 72-18-4 C5HNO2 C00183 5.0/* ns ns ns
O-phosphocolamine 1071-23-4 C2H8NO4P C00346 −2.2/**** −2.3/** ns ns

Citric acid 5949-29-1 C6H8O7 C00158 ns −1.8/** −2.5/* −2.7/***
Glycine 56-40-6 C2H5NO2 C00037 4.9/* 2.5/* ns ns

Methyl-beta-D-
galactopyranoside 1824-94-8 C7H14O6 C03619 ns −5.8/**** ns −8.2/****

N-acetylneuraminic
acid 131-48-6 C11H19NO9 C00270 2.8/* 2.0/* ns ns

Taurine 107-35-7 C2H7NO3S C00245 ns ns 2.6/* ns
Tyrosine 60-18-4 C9H11NO3 C00082 2.3/** 1.6/* ns ns

* Chemical Abstract Service number. ◦ KEGG identifier (https://www.genome.jp/kegg/). Tukey’s post hoc test
was performed on ANOVA p-values by GraphPad Prism 6.0 software: (* p < 0.05), (** p < 0.01), (*** p < 0.001),
(**** p < 0.0001), and (ns = not significant). Fold change was calculated by GraphPad Prism 6.0 software and was
reported only for statistically significant values.
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female group; and CF, control female group). Statistical analysis was performed by two-way 
ANOVA (Tukey’s multiple comparisons test), using GraphPad Prism 6. Representation of the met-
abolic pathways involved in (e) male and (f) female in-season chronic training, using the differen-
tially abundant metabolites reported in Table 4. For analysis, we used MetaboAnalyst 4.0, setting a 
p-value < 0.05 and a false discovery rate (FDR) < 0.1 to select the involved pathways. 

Figure 3. Plasma metabolomic profile of female and male basketball players. Histogram represen-
tation of saliva metabolites whose relative abundance is statistically different (p < 0.05) between
(a) male basketball athletes and controls; (b) female basketball athletes and controls; (c) female and
male basketball athletes; and (d) female and male controls (CM, control male group; BF, basketball
female group; and CF, control female group). Statistical analysis was performed by two-way ANOVA
(Tukey’s multiple comparisons test), using GraphPad Prism 6. Representation of the metabolic
pathways involved in (e) male and (f) female in-season chronic training, using the differentially
abundant metabolites reported in Table 4. For analysis, we used MetaboAnalyst 4.0, setting a p-value
< 0.05 and a false discovery rate (FDR) < 0.1 to select the involved pathways.
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Comparing both male and female athletes with their respective sedentary controls,
we identified several amino acids modulated by training and, more precisely, showing a
statistically significant increase: L-glutamic acid (η2 = 0.3589), L-lysine (η2 = 0.8801), L-
ornithine (η2 = 0.8508), glycine (η2 = 0.8007), and tyrosine (η2 = 0.7897). In addition to these,
in male basketball players, two more amino acids, L-threonine (η2 = 0.8120) and L-valine
(η2 = 0.5985), showed a significant increase compared to the sedentary controls. Again,
when comparing both male and female athletes with the controls, we found a significant
increase in the N-acetylneuraminic acid salivary level (η2 = 0.7202). On the contrary, other
metabolites, such as D-allose (η2 = 0.8869) and O-phosphocolamine (η2 = 0.9167), decreased
(Figure 3a,b and Table 4).

As with proteins, we observed that some metabolites were sex-specific during chronic
exercise, suggesting a possible difference between the male and female athletes and the
controls. When comparing male and female athletes, in the males, we found a significant
decrease in D-mannitol (η2 = 0.8319) and citric acid (η2 = 0.9044) and a great increase in
taurine (η2 = 0.7411) (Figure 3c; Table 4). With regard to citric acid, it is interesting to
note that in sedentary controls, the increases are significant in females compared to males.
Moreover, male controls showed a reduced value of methyl-beta-D-galactopyranoside
(η2 = 0.9632) compared to the female controls (Figure 3d and Table 4).

We used metabolites showing significant modifications (Table 4) to identify the
metabolic pathway related to chronic training and sex. These analyses were conducted
by using MetaboAnalyst 4.0. From a total of 24 pathways indicated comparing athletes
versus sedentary controls, 4 for male and 4 for female athletes were selected by following
the criteria of p < 0.05 and FDR < 0.1 (Figure 3e,f). From all observed significant pathways,
three of them were involved in both males and females. These pathways are as follows:

(i) Aminoacyl-tRNA biosynthesis—in detail, for males, glycine, L-valine, L-lysine, L-
threonine, L-tyrosine, and L-glutamate (number 1 in Figure 3e), and for females,
glycine, L-lysine, L-tyrosine, and L-glutamate (number 1 in Figure 3f);

(ii) Glutathione metabolism—for both males and females, glycine, L-glutamate, and
L-ornithine (number 2 in Figure 3e,f)

(iii) Arginine biosynthesis; for both males and females, L-glutamate and L-ornithine
(number 4 in Figure 3e,f).

On the other hand, valine, leucine, and isoleucine biosynthesis were significant only in
males (L-valine and L-threonine in pathway number 3 panel in Figure 3e), while glyoxylate
and dicarboxylate metabolism were significant only in females (citric acid, glycine, and
L-glutamate in pathway number 3 in Figure 3f).

4. Discussion

In the present study, we investigated the sex-specific changes in the salivary proteome
and metabolome in highly trained athletes during continuous chronic training. Several
studies have been conducted on the salivary proteome and metabolome in response to acute
training; very little is known about the repeated number of sessions [6,19,32]. Overall, we
found reduced levels of proteins involved in chronic inflammation, such as Immunoglobu-
lin A, Alpha-Amylase, and Dermcidin, in females, thus confirming the anti-inflammatory
effect of exercise training. In addition, we found a training effect on metabolism related to
glutathione biosynthesis in both male and female players, whereas an increase in branched
chain amino acids was observed only in male players.

In a recent paper, McKetney et al. [33] reported a multiomics analysis in the saliva
of soldiers before, during, and after a military deployment in which a military attack
was simulated to examine the acute and chronic exercise response. However, in their
experimental model, a stress condition due to the period of the military mission is foreseen.

This study focused on determining the effects of chronic training on the salivary
proteome and metabolome during the season. Both male and female basketball athletes
were evaluated to highlight possible gender differences. Among proteins, significant

359



Healthcare 2023, 11, 241

modulations were observed in molecules with antimicrobial activity involved in mucosal
immunity, such as salivary IgA and Alpha-Amylase [7].

In our experimental model, decreased expression of salivary IgA was observed in
female athletes, suggesting that highly trained athletes may experience an immunosup-
pressive state during in-season training periods (Figure 2a). The same evidence was
previously obtained in plasma samples from the same subjects [17]: indeed, we showed
a reduction of several plasma proteins associated with chronic inflammation, enhancing
the anti-inflammatory effect of regular training in females. Several studies reported lower
salivary IgA levels as an acute effect of exercise [34,35], while other studies found no
change [36] or even an increase [7,37], suggesting a possible role of exercise in modulating
this protein. In addition, the salivary IgA level may be helpful to detect excessive exercise
load, which may determine the risk of respiratory infections in elite athletes. However, in
our results, we found that all identified isoforms were less expressed in female athletes
compared to their controls, suggesting that the effect is more pronounced in females than
in males [38,39].

The same trend was observed in the modulation of salivary Alpha-Amylase between
male and female athletes. The highlighted data may indicate that the intensity, work-
load, and duration of training during season must take into account the sex difference.
Specifically, we observed a lower level of salivary Alpha-Amylase in female athletes (Fig-
ure 2b) [40]. These proteins are an indicator of sympathetic nervous system activity under
exercise conditions, and it is observed to decrease in saliva from elite athletes after a heavy
training season, indicating a non-functional overreaching [41,42]. This decrease is more
pronounced in the athlete groups than in the control groups (Figure 2b). The main interest
of investigators in the studying muscle adaptation has been changes in the levels of this
enzyme after acute exercise, but there are few data on its modulation after chronic training.
As with salivary IgA levels, it is suggested that the stress response to physical exercise
can be assessed by monitoring salivary Alpha-Amylase, since the salivary levels of both
enzymes are altered in response to sympathetic and parasympathetic nervous system
activation after exercise [7] and are known to be higher in most competent and experienced
male athletes than in females [42,43].

In our condition, training protocols for male and female athletes were identical. This
altered female-specific salivary IgA and Alpha-Amylase response could be due to an
inadequate training workload. Consequently, training that is not specifically planned and
modulated for female athletes could affect female athletic performance and, at best, result
in lower performance. In summary, we demonstrated a stress response of the body in
female athletes to chronically inadequate training.

In our previous study, we found reduced salivary cortisol levels and absence of
oxidative stress in both female and male basketball players under the same conditions [16].
Kivlighan et al. [42] observed an inverse relationship between salivary cortisol and Alpha-
Amylase during competition in female athletes and not in male athletes. Indeed, salivary
cortisol levels increased in response to acute exercise in females. Moreover, Cadegiani
et al. [44] reported that high resting cortisol levels are associated with overtraining. Both
cortisol and Alpha-Amylase can be signs of stress in response to exercise [40,45], but they
cannot be considered equivalent because Alpha-Amylase is produced locally in the salivary
glands and is therefore a more direct and sensitive marker of exercise-induced stress than
cortisol, which is transported from blood to saliva [46,47].

Regarding Dermcidin, our results have shown that this protein is present in saliva
and that it is modulated during training. Dermcidin is expressed as a precursor that can
be proteolytically processed to obtain various antimicrobial peptides. The peptides pro-
duced provide a line of defense and are abundant in body fluids. Moreover, this protein is
expressed in various cell types, but its function remains to be elucidated. Recently Esposito
et al. [31] identified Dermcidin as a novel myokine that modulates cardiac myocytes and
their function. The authors proposed that this protein is a signaling molecule released from
skeletal muscles. We can suggest that this myokine may be a factor in inter-organ commu-
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nication in male athletes with higher skeletal muscle mass compared to females, affecting
nearby or distant organs and stimulating various mechanisms, including inflammatory
processes that may lead to muscle fatigue.

We found a higher saliva concentration of Cystatin A in male subjects compared
with female controls; Cystatin A is a protein belonging to the Cystatin family, a group of
cysteine proteases produced mainly in the submandibular glands. Under our experimental
conditions, this protein was not increased during chronic exercise, whereas several authors
reported that acute exercise significantly increased its salivary levels. We conclude that
the lack of modulation in Cystatin A observed during chronic exercise is related to the
time elapsed after the end of acute exercise [48]. However, this protein family seems to be
linked to an increase in oxidative stress, as reported by some authors [49], and this could
be related to our results in which all the athletes analyzed, both male and female, had a low
level of this type of stress.

The metabolites identified as significantly associated with chronic training in both male
and female athletes are related to amino acid biosynthesis and translation, as evidenced
by modulation of the aminoacyl-tRNA biosynthesis pathway. Moreover, both male and
female athletes exhibited metabolites related to glutathione biosynthesis, indicating an
increase in antioxidant defenses [50]. Regarding threonine and ornithine matching in the
glutathione biosynthesis pathway, the first is converted to pyruvate to produce glucose, and
its salivary level could be due to a mechanism to maintain glycemia in athletes. Ornithine is
involved in the urea cycle, and its increase could indicate a rise in the urea cycle to eliminate
ammonia produced by amino acid degradation during chronic training [51]. In males, but
not in females, branched chain amino acids have been associated with an increase in body
mass, as reported by Rodriguez-Carmona et al. [52], and in our experimental conditions,
we found a significant increase in L-valine and L-threonine in the saliva of male athletes
only. As expected, in male athletes, a training-related metabolic pathway is associated with
valine, leucine, and isoleucine biosynthesis, considering that branched chain amino acids
are associated with an increase in skeletal muscle mass, which is related to sex-specific
differences in whole body muscle mass [53–55].

In our previous manuscript [16], we found increased amino acid metabolism in the
plasma of male athletes, so based on these further results, we can hypothesize that the
changes in these amino acid levels in saliva may reflect the changes in blood. Additionally,
males exhibited significant differences in amino acids levels compared with females, again
suggesting differences in amino acids’ utilization.

The main limitation of the study is the number of participants, so it should be con-
sidered a pilot study. Furthermore, the findings reported relate to basketball, which is
characterized by specific metabolic demands and cannot be generalized to all other sports.
Future studies should include a larger number of participants practicing different sports.
Finally, we did not consider the menstrual phase of the participants. There are controversial
data on the influence of the menstrual cycle on physical activity [56], and it is very difficult
to evaluate this.

5. Conclusions

In this study, we highlighted that saliva is a useful biofluid to evaluate the performance
of athletes, because we found similar results to our previous work involving a plasma
analysis of the same subjects [16]. Saliva reflects the cues found in plasma, so it can be used
as a valid tool to monitor training and investigate differences between the sexes.

Regarding adaptation to training, we confirm that males and females share some
common characteristics, but also some different sex-specific behaviors, including dissimilar
amino acid utilization. This aspect has often been overlooked because women are still un-
derrepresented in sports medicine research compared to men, and further studies should be
conducted to fully understand female physiology and metabolism during exercise. Women
and men share many gender-specific anthropometric and physiological characteristics that
may affect adaptive mechanisms during exercise, and future research should focus on
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uncovering these differences to allow for more targeted interventions to maintain health,
fitness, and performance and treat diseases from a gender perspective. In the future, it may
be interesting to examine the effects of different sports that require different levels of effort
and types of exercise on the gender differences found in this study.

Supplementary Materials: The following supporting information can be downloaded at https://
www.mdpi.com/article/10.3390/healthcare11020241/s1. Table S1: Quantitative data and statistical
analyses of protein spots whose intensity levels significantly differed among saliva of the four groups.
Table S2: List of Metabolites identified in saliva samples of the subject utilized in this study by gas
chromatography–mass spectrometry (GC–MS) analysis.
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ingrida.kupciunaite@panko.lt

2 Department of Public Health, Institute of Health Sciences, Faculty of Medicine, Vilnius University,
01513 Vilnius, Lithuania; rimantas.stukas@mf.vu.lt

* Correspondence: baranauskas.marius@panko.lt

Abstract: Rapid Weight Loss (RWL) is a rapid reduction in weight over a short period of time seeking
to attain the norm required for a competition in a particular weight category. RWL has a negative
health impact on athletes including the significant muscle damage induced by RWL. This study
aimed to identify the association between RWL and body composition among competitive combat
athletes (n = 43) in Lithuania. Our focus was laid on the disclosure of their RWL practice by using a
previously standardized RWL Questionnaire. The body composition of the athletes was measured
by means of the standing-posture 8-12-electrode multi-frequency bioelectrical impedance analysis
(BIA) and the electrical signals of 5, 50, 250, 550 and 1000 kHz. This non-experimental cross-sectional
study resulted in preliminary findings on the prevalence and profile of RWL among combat athletes
in Lithuania. 88% of the athletes surveyed in our study had lost weight in order to compete, with the
average weight loss of 4.6 ± 2% of the habitual body mass. The athletes started to resort to weight
cycling as early as 9 years old, with a mean age of 12.8 ± 2.1 years. The combination of practiced
weight loss techniques such as skipping meals (adjusted Odd Ratio (AOR) 6.3; 95% CI: 1.3–31.8),
restricting fluids (AOR 5.5; 95% CI: 1.0–31.8), increased exercise (AOR 3.6; 95% CI: 1.0–12.5), training
with rubber/plastic suits (AOR 3.2; 95% CI: 0.9–11.3) predicted the risk of RWL aggressiveness. RWL
magnitude potentially played an important role in maintaining the loss of muscle mass in athletes
during the preparatory training phase (β –0.01 kg, p < 0.001). Therefore, an adequate regulatory
programme should be integrated into the training plans of high-performance combat sports athletes
to keep not only the athletes but also their coaches responsible for a proper weight control.

Keywords: combat sports; elite athletes; rapid weight loss; extreme weight loss; weight management

1. Introduction

The athletes involved in any of the Olympic combat sports branches such as judo,
wrestling, boxing and taekwondo are categorised by body weight (BW) into weight classes
seeking to mitigate the disparities in size and strength [1,2]. However, the majority of
combat sport athletes take part in competitions of a weight category which is below
their usual body weight [3] in order to attain the advantage over their weaker or smaller
opponents [4–8]. Rapid Weight Loss (RWL) is a rapid reduction of weight over a brief time
period in an attempt of attaining the norm meeting the requirements for a competition
in a particular weight category. It is described as a temporary weight loss of up to 5%
of a person’s weight over a short period of time (commonly within one week) [9]. Data
obtained by many studies suggest that the prevalence of RWL practice among combat
athletes ranged from 42% to 90% [5,10–14]. Before each competition, usually 2 to 3 days
prior to the weigh-in procedure, combat sport athletes usually lowered their body weight
by approximately 2% to 10% [15]. These practices appeared to be most common among
athletes competing at higher contest levels where weight was managed by more aggressive
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strategies. Some most frequently deployed RWL techniques involve more intensive exercise;
dehydration; use of sauna and rubber or plastic suits; reduction of energy intake; use of
rubber or plastic suits for training; low intake of carbohydrates; limited consumption of
fats; fasting; vomiting; diet pills, laxatives, and diuretics, all of which may have a negative
impact on the performance of athletes or at least increase the risk of injury [16–19]. It was
also well documented that RWL practice negatively impacts the health of athletes, leading
to physical and psychological damage and may result in reduced bone density; worse
performance of muscles; mood swings; dehydrated body condition; accelerated heart rate;
poorer short-term memory, cognitive and mental function; or mounting anxiety, bad temper,
weakness, depression, and a feeling of isolation [4,16,20]. Extreme cases of RWL have led
to deaths as a result of dehydration and hyperthermia and myocardial infarction [21,22].
The threat of RWL has been recognised by sports bodies and position statements have been
issued to reflect their stand [3,23]. In line with the criteria for prohibited methods stipulated
in the World Anti-Doping Agency Code, Artioli et al. [15] even recommended to prohibit
RWL practices in combat sports.

In summary, there are sufficient findings in scientific literature about the negative
effects of the RWL magnitude not only on physical but also on mental health conditions
among combat sports athletes. On the other hand, there is little evidence to generalise
the impact of RWL magnitude on athletes’ body composition. To our knowledge, RWL
decreases performance, bone mineral density, and muscle mass in both, males and fe-
males [24]. In addition, it was revealed that an acute restriction of food and fluid intake
appeared to negatively affect fat-free mass and the indices of kidney function in combat
sports athletes including a significant muscle damage induced by RWL [25,26]. However,
up until now, the association between the RWL magnitude and the habitual weight status
or body composition of elite combat athletes in the training process have not yet been
evaluated.

Taking into account the international context of research, the available evidence on
RWL among Lithuanian athletes in weight-sensitive sports is limited. Therefore, the
requirement to identify the prevalence, magnitude and methods of RWL among athletes
seems to be of primary importance. In the next step, this study aimed to identify the
association between RWL and body composition among competitive combat athletes in
Lithuania. We identified the following challenges: (1) the primary objective of this study
was to investigate the prevalence, magnitude and self-reported methods of RWL; (2) the
secondary objective of the study was to identify and evaluate the body composition in a
sample of high-performance athletes; (3) the third objective of the study was to reveal the
relationship between RWL and the individual weight components among combat sports
athletes.

2. Materials and Methods
2.1. Participants and Procedures

In March and May 2018, an observational analytical non-experimental cross-sectional
study was carried out. The target population of the survey was the elite combat sport
athletes belonging to the Lithuanian Sports Centre (LSC) based in Vilnius, Lithuania,
whose lists were approved by the Lithuanian National Olympic Committee (LNOC) of
Lithuania. Our investigation included only the athletes with the history of attainment of an
Olympic qualification quota place or those with a history of participation in the European
Athletics Championships (ECh) and/or the World Athletics Championships (WCh) to
obtain Olympic qualification. On the basis of the above mentioned inclusion criteria,
during the preparatory training phase, 43 high-performance athletes of combat sports were
selected and examined, who represented 84% of the candidates for the Lithuanian Olympic
team. The pool of respondents included judo (n = 11), Greco-Roman wrestling (n = 19) and
boxing (n = 13) athletes. The qualification standards the athletes had met before the study,
served as major inclusion criteria.
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2.2. Measures
2.2.1. Anthropometric Measures

The athletes’ height was measured at the Lithuanian Sports Medicine Centre (LSMC)
by means of a stadiometer (±0.01 m). The BW, the individual weight components (lean
body mass (LBM) (in kg and %), muscle mass (MM) (in kg and %) and body fat (BF) (in
kg and %) were measured at the LSC by means of the standing-posture 8-12-electrode
multi-frequency bioelectrical impedance analysis (BIA) and using electrical signals of 5, 50,
250, 550 and 1000 kHz (X-SCAN body composition analyzer with the certification EN ISO
(the European Union has adopted an international standard) 13,488; Kyungsan City, South
Korea) [27,28]. The muscle and fat mass index (MFMI) of each athlete was determined by
dividing the muscle mass (in kg) by body fat (in kg). Lean body mass, body fat, muscle
mass and MFMI were assessed according to the norms identified for high-performance
athletes (male and female) and validated by the scientists in Lithuania [27].

2.2.2. Rapid Weight Loss Questionnaire

A questionnaire in line with the one deployed by Artioli et al. but adapted to the
specifics of our study was used to explore the RWL practice [29]. The data were collected
using a face-to-face questionnaire, translated to Lithuanian using back translation method.
The Rapid Weight Loss Questionnaire (RWLQ) consisted of 18 items, and a special scoring
system was used. The subjects with RWL practice records were assigned 3 points, while
those without were assigned 0 points. When athletes reported the highest weight ever
lost during their sporting career before the competition, 0.5 point was awarded for each
kilogram of the weight lost. In addition, one point was awarded for 1 kg lost for those with
the usual weight cut before the competition. The respondents were awarded scores of 5, 4,
3, 2, 1, and 0 after they had lost weight during the shortest period of time (from one to three
days), and over increasingly longer periods of time, i.e., from 4 to 5 days, from 6 to 7 days,
from 8 to 10 days, from 11 to 14 days, and from 14 days and longer, accordingly. One point
was assigned per kilogram for the weight gained over one week after the competition. As
for the methods deployed by athletes in losing weight, according to their responses such as
“never”, “not anymore”, “almost never”, “sometimes”, and “frequently”, we awarded the
scores 0, 0.5, 1, 2, and 3 accordingly. After calculating the total scores, it was obvious that
higher scores corresponded to more aggressive weight loss utilising harmful methods and
an increased risk of losing weight too rapidly. The self-reported history of the weight loss
section highlighted the self-reported histories of athletes and was formed of three questions.
Firstly, the athletes were enquired about the weight category they were competing in,
secondly, if the athlete had moved from one weight category to another, thirdly, what
weight class they belonged to over the previous off-season.

2.3. Statistical Analysis

The statistical analysis was performed using SPSS V.25 for Windows (Corporate
headquarters 1 New Orchard Road, Armonk, NY, USA). Standard descriptive summary
statistics were applied to characterize the responses. All the normally distributed continu-
ous variables were presented as means ± standard deviations (SD), whereas the qualitative
variables were presented as relative frequencies (in %). When normality was confirmed,
independent and paired t-tests were used to assess the differences between some groups.
Pearson correlations (parametric tests) were used to assess the relationship between the
RWL score and the variables of interest (weight cut for competition (in kg) and weight
regain in a week after competition (in kg)).

The multinomial logistic regression analysis was used to relate the RWL scores and
weight loss methods, later the results were presented by Odds Ratios (ORs) with 95%
Confidence Interval (CI). As dependent variables must be categorical, continuous variables
must be transformed, mostly via the classification of quartiles or percentiles. Thus, the
dependent variable (RLWS (RWL score)) in this study was changed into the ordinal scale
measurements by simply ranking the observations and using the values as a cut-off point of
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two subscales (20.7 ≥ RWLS > 20.7). The logistic model was adjusted for sports type, gender,
and age. In this study, the parameters were estimated by means of the maximum likelihood
method, also the appropriateness, adequacy and usefulness of the model were evaluated
by the Wald (W) statistic, the estimated coefficient (β), with standard error (SE) (<5) and
Nagelkerke R2 statistic. The multiple linear regression analysis was used to determine the
association between the aggressive RWL methods (in score) and the individual weight
components (MM (in kg) and BF (in kg)). The model was adjusted for sex, age and type of
sport. The significance level p < 0.05 was determined for all statistical tests.

3. Results
3.1. Characteristics of the Subjects

The sample under analysis included 86% (n = 37) men and 14% (n = 6) women. The
combat athletes’ age was within the range of 16 to 29. All the subjects participated in the
National (Lithuanian) Championships and held prizes, 49% of combat athletes participated
in the ECh (9% won medals), 26% of combat athletes participated in the WCh (12% won
medals) and 5% of sportsmen participated in the Olympic Games (OG) (did not win
medals).

The athletes’ training workload dimensions were totally consistent with the training
plans that had been approved by the LSC and the LNOC. The Tokyo 2020 programme
provided specifications of the training plans. Over the study period the athletes underwent
testing which revealed their training period range of 7.4 ± 3.9 years, workouts performed
5.5 ± 0.9 days per week, an average duration of workout 147.5 ± 40.4 min per day.

Table 1 shows the distribution of combat athletes (in percentage) by the current weight
class of participation in competitions in line with the weight classes being contested in judo,
Greco-Roman wrestling and boxing qualification events for Tokyo 2020.

Table 1. Weight classes of combat sports athletes.

Sport Male Female Weigh-In Procedures
Weight Classes % of Athletes Weight Classes % of Athletes

Judo

<60 kg 80.0 <48 kg 66.7
Have a trial 1 h weight-in
period the day before the

competition in the evening,
and the next day during

the checkweigher.

66 kg 20.0 52 kg 33.3
73 kg - 57 kg -
81 kg - 63 kg -
90 kg - 70 kg -

100 kg - 78 kg -
+100 kg - +78 kg -

Greco-
Roman

Wrestling

<60 kg 5.3 - - The weigh-in for each
category always takes place

on the day before the
beginning of the

competition concerned and
lasts 30 min.

67 kg 36.8 - -
77 kg 36.8 - -
87 kg 10.5 - -
97 kg 5.3 - -

130 kg 5.3 - -

Boxing

Flyweight (<52 kg) 15.4 48–51 kg -
There is a weight-in of all

competitors every morning
throughout the competition

(several days) and must
keep their weight class

limit.

Featherweight (57 kg) 30.8 54–57 kg -
Lightweight (63 kg) 23.1 57–60 kg -

Welterweight (69 kg) 7.7 64–69 kg -
Middleweight (75 kg) 7.7 69–75 kg -

Light heavyweight (81 kg) 15.4 - -
Heavyweight (81–91 kg) - - -

Super heavyweight (91+ kg) - - -

3.2. The Body Composition of Athletes

The body composition of combat athletes was assessed as indicated in Table 2. The
BW, LBM and MM in subjects varied within the normal range. Nonetheless, the mean
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of LBM (83.9 ± 5.5%) in male athletes met the maximum (max.) limit (85%). ∆ LBMin %
(actual LBMin %—max. recommended LBMin %) was—1.1 ± 0.8% (95% PI: −0.9–0.7). The
LBM (78 ± 2.7%) of female athletes was not different from the max. limit (80%). ∆ LBMin %
(actual LBM(in %)—max. recommended LBMin %) was—2 ± 1.1% (95% PI: −4.8–0.9).

Table 2. Body composition of combat sports athletes.

Variables
Judo Greco-Roman Wrestling Boxing Normative

Male/FemaleMale Female Male Male

Height (m) 1.63 ± 0.17 1.64 ± 0.07 1.77 ± 0.08 1.73 ± 0.08
BW (kg) 59.4 ± 25.7 55.8 ± 2.3 75.1 ± 15.7 66.5 ± 14.2

LBM (in kg) 48.7 ± 14.5 43.6 ± 2.8 62.3 ± 11.2 55.4 ± 7.7
LBM (% of BW) 85.1 ± 9.0 78.0 ± 2.7 83.1 ± 3.8 84.3 ± 6.2 75–85/70–80

MM (in kg) 45.3 ± 13.1 40.4 ± 2.7 57.7 ± 10.1 51.6 ± 6.7
MM (% of BW) 79.3 ± 8.9 72.2 ± 2.7 76.5 ± 4.6 78.7 ± 6.2 74–80/64–80

BF (in kg) 10.7 ± 11.5 12.2 ± 1.4 13.2 ± 5.3 11.2 ± 6.7
BF (% of BW) 14.9 ± 9.0 22.1 ± 2.6 16.7 ± 3.9 15.7 ± 6.2 15–19 1/20–24 2

MFMI 6.9 ± 3.5 3.4 ± 0.6 4.8 ± 1.4 6.4 ± 3.9 4.7–6 1/3–3.99 3

1—a large (acceptable) BF (% of BW); 2—an average (optimal) BF (% of BW); 3—an average MFMI; The data
are presented as means ± standard deviation (SD). BW–body weight; LBM–lean body mass; MM–muscle mass;
BF–body fat; MFMI–muscle and fat mass index.

The mean of BF in male athletes involved in sports such as judo, Greco-Roman
wrestling and boxing (16 ± 5.4% of BW) was acceptable and met the average (avg.) rec-
ommended limit (17% of BW). ∆ BFin % (actual BFin %—avg. recommended BFin %) was
−1 ± 0.9% (95% PI: −2.8–0.8). Meanwhile, BF of female athletes involved in judo was
22.1 ± 2.6% of body weight, which was acceptable (20–24% of BW) and the BF was not dif-
ferent from the avg. recommended rate (22%): ∆ BFin % (actual BFin %—avg. recommended
BFin %) was 0.1 ± 1.1% (95% PI: −2.6–2.8). Apart from that, the female athletes’ MFMI
(3.4 ± 0.6) was consistent with the avg. one (3–3.9) (∆ MFMI (actual MFMI—minimum
recommended MFMI) was 0.4 ± 0.2; 95% PI: −0.2–2.9). MFMI in male athletes was high
and there was no statistically significant difference from the max. range of 4.7 to 6. The
paired sample t-test between the MFMI in male athletes (5.7 ± 2.8) and the max. MFMI limit
were found without statistical significance (∆ MFMI (actual MFMI—max. recommended
MFMI) was −0.3 ± 0.4; 95% PI: −1.2–0.6).

3.3. Prevalence, Magnitude and Methods of RWL

The prevalence of the reported RWL among elite combat sports athletes was 88%,
which means that 38 out of 43 interviewed subjects reported practicing RWL (Figure 1).

Table 3 presents the profile of sport practice and weight loss history reported by the
combat sport athletes. On average, the athletes began participating in combat sports before
turning 10 years old and had been participating competitively after they reached the age of
11 years. In addition, the athletes began to resort to weight-cutting as early as 9 years old,
with the mean age of 12.8 ± 2.1 years. The athletes were engaged in weight loss practices
that took a short duration of time (4.9 ± 3.3 days) and they had 7.1 ± 5.6 episodes of weight
reductions in the previous year. Their current mean weight (68.1± 16.7 kg) was almost
similar to the previous off-season weight (67.8 ± 16.7 kg). However, the average ever lost
most weight (3.1 ± 1.5 kg) was less than 4 kg, accounting for almost 5% of their body
weight, and 104.1 ± 28.3 kg of this weight loss most frequently recovered a week later.
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Table 3. Profile of sport practice and weight loss history reported by the combat sports athletes.

Profile of Sport Practice and Weight Loss History Judo Greco-Roman Wrestling Boxing Total

Prevalence of the reported RWL (%) 73 95 92 88
Total RWLS 20.3 ± 6.2 20.9 ± 3.6 23.5 ± 4.8 21.6 ± 4.6

Age at the start of sport practice (years) 8.7 ± 3.1 9.8 ± 2.2 10.9 ± 2.9 9.9 ± 2.7
Age at the start of competition (years) 9.2 ± 2.4 10.9 ± 2.1 10.2 ± 4.9 10.4 ± 4.7

Fights over previous 12 months 10.4 ± 4.2 15.8 ± 9.5 13.3 ± 5.2 13.7 ± 7.4
Age at the start of weight cut (years) 12.5 ± 1.1 12.9 ± 2.5 13.2 ± 1.9 12.8 ± 2.1

Off-season weight (kg) 57.1 ± 16 75.3 ± 15.8 66.3 ± 13.7 67.9 ± 16.8
Frequency of weight reductions in previous year 5.6 ± 3 8.2 ± 7.3 6.5 ± 3.7 7.1 ± 5.6

Duration of weight reduction (days) 5.3 ± 4 4.7 ± 3.3 4.9 ± 2.8 4.9 ± 3.3
BW regain in a week after fight (kg) 2.6 ± 0.5 3.4 ± 1.6 2.8 ± 1.5 3.1 ± 1.4

BW regain in a week after fight (% of weight cut) 117.7 ± 23.3 106.7 ± 30.6 91.4 ± 24.2 104.1 ± 28.3

BW—body weight; RLWS—rapid weight loss score. The data are presented as means ± standard deviation (SD).

In this sample of combat athletes, the RWLS was 21.6 ± 4.6. Multivariate logistic
regression was constructed to obtain how the predictors such as different self-reported
RWL methods (skipping one or two meals, restricting fluids, increased exercise, training
with rubber/plastic suits) may predict the magnitude of RWL (RWLS ≥ 20.7). ORs of
covariates in multivariate logistic regression model were adjusted for the sports type, sex,
and age. The results of multivariate analysis were displayed in Table 4. The regression
of model identified that the athletes at high risk of RWL were significantly more likely to
skip one or two meals (AOR 6.3; 95% CI: 1.3–31.8), to increase exercise (AOR 3.6; 95% CI:
1.0–12.5) and to train with rubber/plastic suits (AOR 3.2; 95% CI: 0.9–11.3). Even though the
use of energy restriction strategies such as skipping one or two meals is a common practice,
the methods to diminish body water stores (i.e., restrict fluid intake) were also frequently
practised for RWL by this cohort (AOR 5.5; 95% CI: 1.0–31.8). In all, 92.1% of the athletes
used fluid restriction “sometimes” or “always”, and 68.4% of them practised this method
between 1 and 24 h before weigh-ins. More specifically, 68.4% of the weight-reducing
athletes drank less than 500 mL of drinks or water on the last day before the competition,
while 23.7% of the athletes sustained from drinking fluids at all. According to our study,
the athletes experienced dehydration due to the reduced fluid intake which corresponded
to 1.4 ± 0.7% of BW. A more detailed analysis of the frequency of the weight loss methods
deployed by the combat sports representatives is given in Table S1.
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Table 4. The association between the RWL methods deployed by the combat sports representatives
and the RWL score.

RWL Score a (Score > 20.7) β SE W p AOR (95% CI)

Skipping one or two meals 1.8 0.8 5.0 0.025 6.3 (1.3, 31.8)
Restricting fluids 1.7 0.9 3.6 0.05 5.5 (1.0, 31.8)
Increased exercise 1.3 0.6 4.1 0.043 3.6 (1.0, 12.5)

Training with rubber/plastic suits 1.2 0.6 3.3 0.049 3.2 (0.9, 11.3)
Constant −10.4 3.4 9.2 0.002 0

a—reference category is RWL score (score ≤ 20.7); β—the estimated coefficient; SE—the standard error (SE) of β;
W—the Wald statistic; OR—Odds Ratio; CI—confidence interval; Nagelkerke R2 = 0.66; ORs in the logistic model
was adjusted for the sports type, sex and age (AORs).

According to our study, a correlation has been found between the RWLS and the
weight cut/lost for the competition (r = 0.39, p = 0.016), and the weight regained in a week
after the competition (r = 0.35, p = 0.033) in a sample of combat athletes.

3.4. The Association between RWL and Body Composition

Multivariate liner regressions were constructed to obtain how the predictor RWL
magnitude may predict the body composition (MM (in kg), BF (in kg), MFMI) of combat
sports athletes. Multivariate linear regression model was adjusted for athlete sport, sex
and age. The results of multivariate analysis were displayed in Table 5. After using a
multivariate linear regression method, we found that with a 95% confidence level the MM
decreased from 0 to −0.03 kg depending on increased RWLS for 1 point (β−0.01, p < 0.001).
Meanwhile, no association has been established between the current MM status (in kg),
MFMI and the application of more aggressive RWL methods (in score) (Table 5).

Table 5. The association between MM, BF, MFMI and RWL score.

RWL (Score) β 95% CI p

MM (kg) −0.01 (−0.03; 0) <0.001
BF (kg) 0.06 (0.04; 0,1) 0.087
MFMI 0.08 (0.03; 0.1) 0.121

The association between MM, BF, MFMI and RWL score was estimated controlling for athlete sport, sex, and age
(adjusted for sports type, sex and age). F (6, 36) = 7.2, p < 0.0001, R2 = 0.56. MM—muscle mass; BF—body fat;
MFMI–muscle and fat mass index.

4. Discussion
4.1. The Prevalence of RWL

This study has been an initial effort to explore the scope of prevalence of the RWL
practices in the Lithuanian elite combat athletes which revealed the real picture of a
rapid weight loss practice observed in 88% of the subjects (73% judokas, 95% Greco-
Roman wrestlers, and 92% boxing Olympic athletes) over the previous year. This figure
stood at a similar level in comparison to that observed for athletes practising similar
combat sports such as wrestling (42–90%) [11,14,18], judo (63–90%) [12,16,30] and boxing
(50–100%) [1], and it showed the prevalence of the ongoing practice of RWL among combat
sports representatives, without regard to the sport branch.

Additionally, according to our study, the athletes began to adjust their bodies to
weight-cutting being as young as 9 years of age, with the mean age of 12.8 ± 2.1. Similar
results were highlighted in scientific literature with evidence on about 60% of judo ath-
letes starting weight cycling before fights at the age of 12–15 and wrestlers at the age of
15.5 ± 2.4 [1,5,12]. It was also shown that the normal growth and development of adoles-
cents were interrupted due to a disturbance in hormone levels induced by continuous by
RWL practices [11,15,31–33].
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4.2. The Magnitude of RWL

Combat sports athletes most commonly lose ≥ 5% of BW over the seven days prior to
weigh-in [1]. According to our data, the average BW loss found before the competition in a
sample of the Lithuanian combat athletes varied within the range of 3.1 ± 1.5 kg (4.6 ± 2.0%
of BW). It should be taken into consideration that under some conditions, it is allowed to
reach from 5% to 8% of BW loss with an acceptable slight effect on the health condition and
performance of athletes [34,35]. As the National Collegiate Athletic Association (NCAA)
weight loss guidelines stipulate, the Minimum Wrestling Weight (MWW) is grounded on
5% of BF as the lowest BF percentage allowed and the levels of safe weight loss attainable
before the first weigh-in procedure at the competition— namely, losing no more than 1.5%
of BW per week [36]. In line with the data from our study, male athletes involved in sports
such as judo, Greco-Roman wrestling and boxing had a high BF percentage (16 ± 5.4%).
Therefore, before competing, the BW of combat athletes can be adjusted as much as possible.
On the other hand, the athletes’ LBM was relatively high and led to a high ratio between
muscle mass and fat mass (5.7 ± 2.8). Therefore, BW loss should not be a priority for elite
athletes in the run-up to the competition.

4.3. The Methods of RWL

According to the scholarly literature, the most frequently practised methods to start
RWL were fluid restriction [5,6,20,25,37–44], energy restriction [25,37,40,45], wearing rub-
ber/plastic suits [5,37,39,41], increased exercise [37,40,42], heated room training [37,39],
use of sauna [37,41], spitting [5], using laxatives [41] and gradual dieting [37]. However,
according to our study, aggressive RWL methods among the Lithuanian combat athletes
were less common. Additionally, emphasis can be laid on the fact that in a sample of
Lithuanian athletes, those at high risk of RWL were significantly more likely to skip one or
two meals, to increase exercising and to train with rubber/plastic suits.

On the other hand, the results obtained from our study were in line with the findings
of other studies carried out by previous researchers and showed that among the most
prevailing methods employed by the cohort of combat athletes in Lithuania for RWL was
the method of reducing the body water stores (i.e., fluid restriction). The human body of
the general population is composed of ~60% of water and most probably larger amount
in athletes with higher LBM levels [46]. Taking into account the size of the body and the
short time frame for the occurrence of the possible fluctuations, it is not surprising that
dehydration appeared to be the primary RWL strategy practiced by a number of combat
sports representatives. According to our study, fluid restriction was used by 92.1% of the
combat athletes in Lithuania, while 68.4% of weight-reducing athletes consumed less than
500 mL of drinks or water on the last day before the competition, while 23.7% of athletes did
not consume any fluids at all. Therefore, the athletes experienced dehydration as a result
of reduced fluid intake which corresponded to 1.4 ± 0.7% of BW. On the one hand, mild
dehydration (<2% BW) tends not to affect the performance, while on the other hand, a larger
scope may pose problems, especially during the limited time to restore the rehydrated post
weigh-in [34,35]. In other words, the athletes can take a choice from two methods available
to decrease their bodily water, either to take in a lower amount of fluids and/or excrete a
larger amount of fluids. The restriction in fluid intake that lasts for 24 h (<300 mL) may
result in 1.5–2.0% BW loss [47]; however, the athletes most frequently achieve a loss larger
than this as a result of the accelerated sweating rate via either active (as a result of intensive
exercise) and/or passive techniques deployed (i.e., sauna rooms, heated environments, the
use of sweat suits, etc.) [1,7]. This data was in line with the data obtained from our study
showing that elite combat athletes from Lithuania were combining not only an extremely
low fluid intake, but were also exercising more intensively and training with rubber/plastic
suits. Therefore, future studies should focus and verify more accurate levels of dehydration
observed in athletes. In addition, it should be highlighted that severe (or even moderate)
dehydration employed as a tool to lose weight in weight controlled sports accelerates
the risk of acute cardiovascular ailments [15,48]. The athletes who use thermal exposure
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seeking to achieve such dehydration run an increased risk suffering from heat stroke or
heat illness [15]. Additionally, acute dehydration may significantly impact the electrolyte
concentration composition which could impact the cell fluid balance, metabolism and result
in the impairment of the neuromuscular function [49,50]. Scholarly works suggest that
in-depth dehydration is also likely to induce alterations in the morphology of the brain
and pose the risk of potential brain injuries as a consequence of head traumas triggered by
strikes [51,52].

What is more, typically in a wide range of sports, prior to competitions, the nutritional
status includes “fine tuning” procedures consistent to satisfying the needs of comfort,
repetitive and habitual practices rather than clinging to excessive weight adjusting patterns.
Even though there is insufficient evidence of research into the specific dietary patterns the
athletes select to achieve RWL [53], the most frequently observed acute caloric restriction
tends to impact the performance through the depleted glycogen depots [35]. Our study
showed that energy restriction strategy (skip one or two meals) was frequently used by
cohort of combat sports athletes. Therefore, this strategy of energy restriction had the
association with the magnitude of RWL. The authors also point out that earlier research
carried out by them in Lithuania found that the wrestlers during the RWL period followed
low-energy and low-carbohydrate diet [54]. More specifically, low total energy intake
contributed to the insufficiency of the intake of vitamins A, B1, B2, PP, D, E, B6, folic acid,
and the intakes of minerals such as potassium, calcium, phosphorus, magnesium, iron, zinc
during the rapid bodyweight reduction. Greenhaff et al. [55] claimed that ‘a diet low in
carbohydrates even when the food consumption is sufficient, could impact the buffering
properties of the blood‘. The interacting effect of RWL and the muscle hydrogen ion efflux
could be regulated down by a low carbohydrate intake and can result in increased fatigue
during the intense muscular contractions [45].

4.4. The Body Composition and RWL

The combat athletes were engaged in RWL practices taking a short period of time
and had 7 episodes of weight reductions in the previous year. The average most weight
ever lost accounted for an almost 5% of their body weight, and 104% of this weight loss
was usually regained in the week after a fight. Additionally, we found the correlation
between RWLS and the weight cut for the competition, and the weight regained in a week
after the competition in a sample of combat athletes. It can be explained that applying
more aggressive RWL methods before the competition relates to how much weight combat
athletes restore after the competition. This type of weight cycling may lead to MM damage
and catabolism [24–26]. In this context the results of our study were interesting as the
relationship was found between RWL and body composition. Utilising more aggressive
and harmful RWL methods related to decreased MM during the preparatory training phase
in a sample of Lithuanian combat sports athletes. Further research will be necessary to
identify the effect of RWL magnitude on the athlete body composition in the relation to
manipulations with the athlete‘s body mass.

4.5. Limitations of the Study

Our study had a few limitations. The study was carried out by a single centre and the
size of the sample was small. A larger sample and an international multi-centre size could
represent the findings of the quantitative data more accurately. In addition, the survey tools
were unable to determine and provide a cut-off to indicate where the weight management
behaviour was dangerous and could potentially cause harm. In the view of the above,
scholars have now developed a new and safe (in terms of hyponatremia) method of ‘water
loading’ that promotes dehydration [56–60]. In connection with this new RWL method, the
limitation of our study was the absence of additional questions on the mentioned method
in the questionnaire (RWLQ) we used [29]. Moreover, some findings were based on the
data that was self-reported retrospectively; thus, some of the biased responses on behalf of
the athletes were unavoidable.
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5. Conclusions

This study proves high levels of RWL practices in the Lithuanian athletes of elite
combat sports (88%) five days prior to the competition, resulting in the reduction of the
average of 3.1 kg (4.6%) of their body weight. The athletes began to resort to weight-cutting
as early as 9 years old, with a mean age of 12.8 ± 2.1 years. The combination of practiced
weight loss techniques such as skipping one or two meals, restricting fluids, increased
exercise, training with rubber/plastic suits may predict the magnitude of RWL. Utilising
more aggressive and harmful RWL methods before the competition is associated to on
how much weight combat athletes are cutting for the competition and regaining after the
event. RWL being a widely spread practice among athletes of combat sports, can trigger
negative consequences of the athletes’ body composition. RWL magnitude potentially
plays an important role in maintaining the loss of muscle mass during the preparatory
training phase. Therefore, an adequate regulatory programme should be integrated into
the training plans for high-performance combat sports athletes to keep not only the athletes
but also their coaches responsible for a proper weight control.
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Abstract: Sex differences in triathlon performance have been decreasing in recent decades and little
information is available to explain it. Thirty-nine male and eighteen female amateur triathletes were
evaluated for fat mass, lean mass, maximal oxygen uptake (VO2 max), ventilatory threshold (VT),
respiratory compensation point (RCP), and performance in a national Olympic triathlon race. Female
athletes presented higher fat mass (p = 0.02, d = 0.84, power = 0.78) and lower lean mass (p < 0.01,
d = 3.11, power = 0.99). VO2 max (p < 0.01, d = 1.46, power = 0.99), maximal aerobic velocity (MAV)
(p < 0.01, d = 2.05, power = 0.99), velocities in VT (p < 0.01, d = 1.26, power = 0.97), and RCP (p < 0.01,
d = 1.53, power = 0.99) were significantly worse in the female group. VT (%VO2 max) (p = 0.012,
d = 0.73, power = 0.58) and RCP (%VO2 max) (p = 0.005, d = 0.85, power = 0.89) were higher in the
female group. Female athletes presented lower VO2 max value, lower lean mass, and higher fat mass.
However, females presented higher values of aerobic endurance (%VO2 max), which can attenuate
sex differences in triathlon performance. Coaches and athletes should consider that female athletes
can maintain a higher percentage of MAV values than males during the running split to prescribe
individual training.

Keywords: triathlon; sports medicine; sports physiology; female athlete; VO2 max

1. Introduction

The participation of women in amateur and elite endurance sports events, includ-
ing triathlon, has increased and their performance has improved during the last three
decades [1–6]. Factors that are possibly associated with the increasing participation of
women are the acceptance of female athletes in society, the importance of regular physical
activity for the prevention and treatment of noncommunicable diseases, and the feeling of
well-being that comes from a more active lifestyle [7].

Sex differences in triathlon performance seem to be decreasing, and currently vary
between 12 and 18% [8,9], which seems to be influenced by distance, the level of competition,
and the participation of the athletes [10,11].

Longer triathlon events, such as the Ironman (3.8 km of swimming, 180 km of cycling,
and 42.2 km of running), or ultra-triathlons such as the Double Iron ultra-triathlon (7.6 km
of swimming, 360 km of cycling, and 84.4 km of running) seem to be associated with
decreased sex differences in performance, compared to shorter triathlon distances [12].
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In addition, a lower tendency to sex difference was observed for elite athletes when com-
pared to amateur athletes [12].

Some morphological sex differences related to body composition, such as lower fat
mass percentage and higher muscle mass in the male sex [13–15], seem to be associated
with better male performance [16].

Regarding the physiological factors that influence endurance performance, maximal
oxygen uptake (VO2 max), ventilatory threshold (VT), and running economy (RE) are
variables commonly investigated to predict aerobic performance [17].

In terms of VO2 max values, average values for females are approximately 75% of
the values for males [18]. However, among athletes, these differences may be lower [19].
Lower blood hemoglobin concentrations typically found in women, as well as lower red
cell mass and hematocrit level, which result in lower arterial oxygen content (CaO2) and
lower O2 delivery to muscles during exercise [20,21] are the main factors responsible for
these VO2 max gender differences.

Differently from VO2 max, data about sex differences according to the %VO2 max at
VT seems to be contradictory. Female athletes have 7 to 23% more type I muscle fibers
than men [22–24]. This difference in muscle fiber composition means that women have a
greater oxidation of fat [25] and faster oxygen consumption kinetics [26], which should
directly impact the VT, since this is dependent on the oxidative capacity of the muscles
during exercise [27]. In addition, female athletes also have a higher rate of mitochondrial
respiration [28]. These differences impact muscle metabolism, making women more apt
to resynthesize ATP through the oxidative metabolism. Considering these sex differences,
higher VT could be expected for female athletes; however, literature data show conflicting
results. [17–20]. Moreover, as for VO2 max, there are very few data for VT in Olympic-
distance triathletes [19].

Women’s participation in amateur triathlon events has increased in recent years. As a
result, women’s performance has also improved, and sex differences have decreased [19].
So far, it is not possible to define whether the difference is associated with training volume
or physiological limitations. Therefore, understanding physiological differences between
the sexes can help clarify this issue.

Considering the importance of understanding the differences between sexes in en-
durance sports performance and the lack of data regarding both Olympic-distance triath-
letes and amateur athletes, we compared the physiological and morphological character-
istics of male and female amateur triathletes of the same mean age who competed in an
Olympic-distance event. Better knowledge about gender differences and female character-
istics can explain the narrowing performance gap between the sexes of amateur triathlon
athletes, and may help women reach their best performance.

We hypothesized that male triathletes would present higher VO2 max, higher lean
mass, and lower fat mass than female triathletes, but that there would be no sex differences
according to VT. Because of their higher VO2 max levels and better body composition, we
hypothesized that men would present lower overall race time and split times than female
triathletes in the Olympic triathlon race.

2. Materials and Methods
2.1. Ethical Approval

All experimental procedures were approved by the Human Research Ethics Commit-
tee of the Federal University of Sao Paulo (approval number 1659697) and conformed to the
principles outlined in the Declaration of Helsinki. The study was conducted in accordance
with recognized ethical standards and national/international laws. After receiving instruc-
tions regarding the experimental procedures, their possible risks and benefits, the objectives
and justification of the research, and the principles of respect for persons involved, which
encompassed a guarantee of privacy, confidentiality, and anonymity rights, the athletes
signed the consent form.
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2.2. Participants

Ninety-three athletes who had applied for Olympic-distance triathlon races accepted
an invitation to participate in the study. However, thirty-six did not meet the inclusion
criteria. Therefore, fifty-seven athletes participated in the study.

The inclusion criteria to participate in the study included having participated in at
least one Olympic-distance triathlon race, with at least one year of triathlon practice. The
exclusion criteria included having no medical approval for maximum effort, being pregnant,
having acute pain in the lower limbs, edema, or not finishing the race.

The main reasons for the thirty-six exclusions were giving up on participating in the
Olympic-distance triathlon race (n = 21), not finishing the race (n = 6), having injuries
during the training period (n = 4), absence on the day scheduled for laboratory evaluations
(n = 4), and one woman got pregnant.

Characterization of the sample according to the age and training habits are presented
in Table 1.

Table 1. Characteristics of participants.

Male Triathletes
(n = 39)

Female Triathletes
(n = 18) p Value

Age (years) 38.8 ± 6.9 41.3 ± 6.68.4 0.210
Triathlon experience (years) 2.7 ± 1.7 3.3 ± 1.6 0.232
Training per week (hours) 13.2 ± 4.1 14.4 ± 3.5 0.287

Data are presented as mean ± standard deviations.

As the number of female athletes who participated in the study was smaller than the
number of male athletes, the power of the statistical analysis is shown with the p-value.
This was employed to identify the possible lack of statistical difference between the groups
due to the small sample size.

2.3. Procedures

Each participant reported to the laboratory for one day, in which they answered a
questionnaire about training habits. Afterwards, anthropometric data measurement and a
cardiorespiratory maximal test on a treadmill were performed. The organizing committee
of the races provided the overall triathlon race time and split times. Thirty-nine male and
six female amateur triathletes participated in the same race.

2.4. Assessments
2.4.1. Questionnaires

The athletes answered a questionnaire about training habits with the four following
questions: (1) How many years have you been practicing triathlon? (2) How many hours a
week do you train swimming? (3) How many hours a week do you train cycling? (4) How
many hours a week do you train running?

2.4.2. Body Composition and Anthropometry

The height and body mass of the participants were assessed using a calibrated sta-
diometer and were measured to the nearest 0.1 kg and 0.1 cm, respectively. Dual energy
X-ray absorptiometry (DXA, software version 12.3, Lunar DPX, GE Healthcare, Madison,
WI, USA) was used to assess body composition (lean and fat mass). Athletes were instructed
to follow their normal ad libitum hydration habits. They were evaluated after bladder
voiding; no fasting or other limitations on their usual activities were implemented [29]. This
method has been previously demonstrated as a reliable technique for body composition
assessments [30,31].
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2.4.3. Cardiorespiratory Maximal Test on a Treadmill

Cardiopulmonary exercise testing (CPET) was conducted on a motorized treadmill
(Inbrasport, ATL, Porto Alegre, Brazil) using a computer-based metabolic analyzer (Quark,
Cosmed, Italy). The calibration procedure was performed prior to each test, according to
the manufacturer’s guidelines. CPET was used to measure VO2 max, VT, respiratory com-
pensation point (RCP), and maximal aerobic velocity (MAV). The VO2 max was determined
as the stabilization of VO2 (increase lower than 2.1 mL·kg−1·min−1) even after increasing
the treadmill velocity during the last stage of the CPET [32]. All the volunteers reached
VO2 max. VT was determined based on the following criteria: an increase in the ventilatory
equivalent for oxygen without an increase in the ventilatory equivalent for carbon dioxide,
and an increase in the partial pressure of exhaled oxygen. RCP was determined based on
the increase in the ventilatory equivalent for carbon dioxide and the decrease in the partial
pressure of exhaled carbon dioxide [33]. VT and RCP were determined separately by two
experienced investigators; a third investigator was asked in cases of discordance. MAV was
determined as the minimal velocity eliciting the VO2 max [34]. The percentage of MAV
that the athlete maintained during the running split was also calculated.

Athletes warmed up for 4 min at 10 km·h−1 (males) and 9 km·h−1 (females). After
the warm-up period, the running velocity was increased by 1 km·h−1 every minute until
voluntary exhaustion [35]. The entire CPET lasted between 8 and 12 min and treadmill
grade was set at 1% to simulate the energetic cost of outdoor running [36]. The heart
rate was measured by a monitor (Ambit 2S, Suunto, Finland) throughout the entire test,
and perceived exertion was rated according to the Borg scale (a 10-point scale) [37].

2.5. Statistical Analysis

Data are presented as the mean and the standard deviations. All variables presented
normal distribution and homogeneous variability according to the Shapiro–Wilk and
Levene tests, respectively. In order to compare the triathlon race times and morphological
and physiological characteristics of the sexes, Welch’s unequal variances t-test was used.
This test was chosen because it is more reliable when the two samples have unequal
sample sizes [38]. The measures of the effect size for differences between sexes were
determined by calculating the mean difference between the two sexes, and then dividing
the result by the pooled standard deviation. Calculating effect sizes, the magnitude of
any change was judged according to the following criteria: d = 0.2 was considered a
“small” effect size; 0.5 represented a “medium” effect size; and 0.8 a represented “large”
effect size [39]. Considering that the study had a convenience sample, the power of all
between-sex comparisons were calculated. Power analysis was performed using G*Power
software [40]. The power of the tests varied from 0 to 1. Usually, researchers use 0.80 as the
power level of the test [41]. Therefore, the same values were considered in this study to
interpret the results. The level of significance was set at p < 0.05.

3. Results

Female athletes presented significantly lower body mass (p < 0.01, d = 2.00, power = 0.99)
and height (p < 0.01, d = 1.80, power = 0.99) than male athletes. There was no difference
in mean age between the groups (p = 0.21, d = 0.35, power = 0.65). Overall race time
and split times were compared for sexes who participated in the same triathlon event.
Regarding performance, female athletes presented higher race times for swimming (+11%),
cycling (+7.5%), running (+7%), and overall race time (+8%). According to morphologic
characteristics, male athletes presented higher lean body mass (kg) (p < 0.01, d = 3.11,
power = 0.99). According to fat mass distribution, the percentage of trunk fat mass was
not different between sexes (p = 0.522, d = 0.17, power = 0.73), nor was the percentage of
android fat mass (p = 0.921, d = 0.02, power = 0.74), but the percentage of gynoid fat mass
was higher in female athletes (p < 0.01, d = 1.37, power = 0.98). VO2 max (p < 0.01, d = 1.46,
power = 0.99), MAV (p < 0.01, d = 2.05, power = 0.99), and velocities associated with VT
(p = 0.02, d = 1.26, power = 0.97) and RCP (p < 0.01, d = 1.53, power = 0.99) were significantly
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higher in the male group. %VO2 max at VT (p = 0.012, d = 0.73, power = 0.58) and %VO2
max at RCP (p = 0.005, d = 0.85, power = 0.89) were higher in the female group. During the
running split, female athletes were running at a higher percentage of MAV (75 ± 8%) than
males (62 ± 6%) (p < 0.01, d = 1.83, power = 0.99) (Table 2).

Table 2. Descriptive characteristics of the triathletes and comparison between the sexes.

Male
(n = 39)

Female
(n = 18) p Value d Value Power

(1-Beta)

Anthropometric profile

Age (years) 38.9 ± 6.9 41.3 ± 6.6 0.21 0.35 0.65
Body mass (kg) 74.3 ± 8.8 * 59.5 ± 5.6 <0.01 2.00 0.99

Height (cm) 174.8 ± 6.5 * 164.5 ± 4.8 <0.01 1.80 0.99
Fat mass (%) 16.8 ± 5.6 * 23.2 ± 9.2 0.02 0.84 0.78

Lean Mass (kg) 59.0 ± 5.7 * 43.0 ± 4.5 <0.01 3.11 0.99
Trunk fat mass (%) 19.8 ± 6.8 21.3 ± 10.2 0.52 0.17 0.73

Android fat mass (%) 22.7 ± 8.6 22.4 ± 12.0 0.92 0.02 0.74
Gynoid fat mass (%) 21.9 ± 6.2 * 33.2 ± 9.8 <0.01 1.37 0.98

Maximal graded exercise test
VO2 max (ml·kg−1·min−1) 59.9 ± 6.3 * 49.5 ± 7.8 <0.01 1.46 0.99

VT (%VO2 max) 74.4 ± 5.6 * 78.7 ± 6.1 0.01 0.73 0.58
Velocity at VT (km·h−1) 12.4 ± 1.4 * 10.5 ± 1.6 <0.01 1.26 0.97

RCP (%VO2 max) 87.5 ± 4.6 * 91.2 ± 4.1 0.01 0.85 0.89
Velocity at RCP (km·h−1) 14.8 ± 1.5 * 12.5 ± 1.5 <0.01 1.53 0.99

MAV (km·h−1) 17.8 ± 1.4 * 14.6 ± 1.7 <0.01 2.05 0.99

Running split
%MAV 62 ± 6 * 75 ± 8 <0.01 1.83 0.99

Velocity (km·h−1) 11.0 ± 1.0 * 11.0 ± 1.8 0.99 0.00 0.99
Data are presented as mean ± standard deviations. d value: Effect size (Cohen’s D). VO2 max: maximal oxygen
uptake. VT: ventilatory threshold. RCP: respiratory compensation point (RCP). MAV: maximal aerobic velocity.
* significant difference between sexes (p < 0.05).

4. Discussion

The primary aim of this study was to compare the sex differences of amateur Olympic-
distance triathletes in relation to performance and physiological and morphological char-
acteristics. The main findings were that: (i) the sex differences in performance were 8.0%
for overall race time, 11% for swimming, 7.5% for cycling, and 7% for running; (ii) female
athletes presented a lower VO2 max and a higher %VO2 max at VT and RCP than male
athletes; (iii) female athletes presented lower lean mass than males; and (iv) female athletes
presented higher total fat mass and gynoid fat mass than males, but the same android and
trunk fat masses.

The sex differences in 1.5 km of swimming, 40 km of cycling, 10 km of running, and
overall race time were 11.0, 7.5, 7.0, and 8.0%, respectively. Higher sex differences were
previously shown for the top 10 athletes of each age group of the World Championship
from 2009 to 2011, with a 13.3% performance difference in swimming, 10.7% difference in
cycling, 7.5% difference in running, and 12% difference in overall race time [42]. Higher
sex difference between the top five athletes from the “Zurich triathlon”, which occurs in
Zurich, Switzerland, in each category have also been shown (18.5% in swimming, 15.5%
in cycling, 18.5% in running, and 17.1% in overall race time) [6]. Therefore, it is evident
that the sex differences in a given performance depend on the race level (world, national
or regional championship). In the present study, minor differences were found between
the sexes; however, only amateur athletes were studied, which differs from the studies
mentioned above that evaluated elite athletes.

As expected, female athletes presented lower VO2 max and MAV values
(49.5 ± 7.8 mL·kg−1·min−1 and 14.6 ± 1.7 km·h−1, respectively) than male athletes
(59.9 ± 6.3 mL·kg−1·min−1 and 17.8 ± 1.0 km·h−1, respectively), showing a sex differ-
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ence of approximately 19%. Similar sex difference have previously been shown for elite
younger triathletes, reporting 20% lower values for females than for males (56.1 and
67.9 mL·kg−1·min−1) [43]. However, VO2 max values for ultra-endurance triathletes seem
to be more similar between the sexes (68.8 and 65.9 mL·kg−1·min−1 for males and females,
respectively), evidencing a sex difference of only 4.4% [44].

Besides maximal capacity for oxygen uptake, endurance performance also depends
on VT. It has been suggested that 70% of success in endurance running depends on these
physiological parameters [17]. An important new finding from the present study is that the
female athletes presented higher values for VT (78.7 ± 6.1% for females and 74.4 ± 5.6% of
VO2 max for males) and RCP (91.2 ± 4.1% for females and 87.5 ± 4.6% VO2 max for males)
than male athletes. In addition, female athletes maintained a velocity corresponding to
75% of the MAV during the running split, which is higher than the value for males, who
maintained 62% of their MAV [34]. The VT is limited by the peripheral conditions (i.e.,
mitochondrial volume, capillary density, oxidative enzyme capacity) [45,46]. Consider-
ing this context, females present different metabolic (greater proportional area of type I
fibers [22–24], greater whole-muscle oxidative capacity [26], and greater mitochondrial ox-
idative function [28]), contractile (Ca2+ transients were smaller in magnitude and longer in
duration in females [47]), and hemodynamic (greater vasodilatory responses of the arteries
to muscles and higher density of capillaries per unit of skeletal muscle [22]) properties of
skeletal muscles than males, favoring ATP resynthesis from oxidative phosphorylation
during exercise [48,49], which could contribute to a higher VT.

Triathlon performance is also associated with body composition [16,50]. In this study,
female athletes presented lower lean mass than males and higher total fat mass and gynoid
fat mass percentage. The android and trunk body mass did not differ between the sexes.
Moreover, fat mass values for both sexes were higher than those reported for elite athletes
(<13% for female and <5% for males) [43]. Therefore, female body composition seems to be
disadvantageous for athletic performance [13,14,51].

Regarding the limitations of this study, the test measurements cited were performed
only on a treadmill. Thus, as the physiologic characteristics were only measured during a
running activity using a treadmill, it would be very interesting to identify sex differences
with the same measurements in tests performed during cycling or swimming activities.
The inclusion of amateur athletes rather than elite athletes was another study limitation.
Furthermore, this was a cross-sectional study, which prevented us from the studying the
performance difference between sexes over time. Considering the increased popularity of
Olympic-distance triathlon, especially among women, who were underrepresented in this
sport until recently [52], the findings of the present study have practical applications for
training monitoring. Strength and conditioning coaches working with triathletes might
develop separate exercise programs for each sex.

Thus, an awareness of physiological sex differences related to performance would
help coaches to prescribe sex-tailored training. In this context, the main finding from the
present study was that the female athletes presented higher values of aerobic endurance
(%VO2 max) than male athletes. These findings suggest that female athletes can maintain a
higher percentage of MAV values than males during the running split; therefore, coaches
could consider these findings to prescribe individual training.

5. Conclusions

In summary, female athletes present lower VO2 max and lean mass, and higher fat
mass. However, they present higher values of aerobic endurance (%VO2 max), which can
attenuate sex differences in triathlon performance. However, the sex differences in VT
require further investigation, as there are few data about this variable in the literature.
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Abstract: The purpose of this study was to verify the physiological and anthropometric determinants
of triathlon performance in female and male athletes. This study included 40 triathletes (20 male and
20 female). Dual-energy X-ray absorptiometry (DEXA) was used to assess body composition, and
an incremental cardiopulmonary test was used to assess physiological variables. A questionnaire
about physical training habits was also completed by the athletes. Athletes competed in the Olympic-
distance triathlon race. For the female group, the total race time can be predicted by V̇O2max
(β = −131, t = −6.61, p < 0.001), lean mass (β = −61.4, t = −2.66, p = 0.018), and triathlon experience
(β = −886.1, t = −3.01, p = 0.009) (r2 = 0.825, p < 0.05). For the male group, the total race time can be
predicted by maximal aerobic speed (β = −294.1, t = −2.89, p = 0.010) and percentage of body fat
(β = 53.6, t = 2.20, p = 0.042) (r2 = 0.578, p < 0.05). The variables that can predict the performance of
men are not the same as those that can predict the triathlon performance of women. These data can
help athletes and coaches develop performance-enhancing strategies.

Keywords: triathlon; ports physiology; performance; women; maximal aerobic speed

1. Introduction

Although female participation in triathlon is still lower than male participation
(25–40%), there has been a significant increase in female participation in this sport since
1990 [1–3]. Female participation has increased not only in triathlon, but also in several other
sports. In running, female participation reached the same percentage as male participation
in 2018, and at the most recent Olympic Games (Tokyo 2020), female participation set a new
record, reaching 49% [4].

Despite a recent surge of female participation in sports, most scientific studies on
sports sciences continue to focus on men [4]. Therefore, the results of the studies conducted
on male athletes on sports training are applied to both male and female athletes, despite
the lack of a reasonable scientific justification [5,6].

The literature’s consensus that maximal oxygen uptake (V̇O2max), the percentage of
V̇O2max that can be sustained for an extended period of time, the running economy, and
body composition are important variables associated with performance in long-distance
events [7]. However, the relative importance of each one can differ for male or female
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performance, once there are several physiological (red cell mass, hemoglobin, muscular
fiber type percentage, muscle capillarization, vasodilatory capacity, and energetic substrate
use) and body composition (fat mass percentage, lean mass) differences between sexes [8].
The variables associated with triathlon performance have previously been studied. There-
fore, prediction equations for triathlon performance have also been developed; however,
previous studies have only included male athletes, or when female athletes were included,
the sex was not evaluated as a biological variable [9,10]. The knowledge of the main pre-
dictive variables of performance for each sex separately, can help coaches in directing the
training sessions to obtain adaptive responses of the most important predictive variables of
performance and optimize the improvement of sports performance.

Therefore, the purpose of this study was to confirm the levels of association between
physiological and body composition variables and performance in an Olympic-distance
triathlon test for each sex and, later, to describe a performance prediction equation for the
modality based on the measured variables for each sex. Second, the study aimed to compare
physiological and body composition variables between sexes. We hypothesized that the
level of association between the measured variables and triathlon race results would differ
between sexes, and thus the Olympic-distance triathlon race prediction equations would
differ for each sex.

2. Materials and Methods
2.1. Participants

Triathletes were invited to take part in the study via social media (WhatsApp, Insta-
gram, and email), as well as folders distributed at triathlon competitions. The inclusion
criteria for participating in the study were being enrolled in the 30th Santos International
Olympic Triathlon in February 2022, between the ages of ≥18 and no more than 61 years,
both sexes, training triathlon regularly for at least 6 months, and having a medical al-
lowance. The exclusion criteria included being pregnant, having competed in the alternate
modality, failure to finish the race, or failure to submit to laboratory tests for any reason.
Initially, 42 athletes were selected to participate in the study (22 men and 20 women).
Two male athletes were excluded from the study, one was due to the fact that he did not
finish the race and one was due to the fact that he failed to submit to laboratory tests. As
a result, the study includes 20 male athletes and 20 female athletes. Data were collected
during the pre-season. Table 1 shows the descriptive characteristics of the sample.

Table 1. Anthropometric data for men and women.

Women
(n = 20)

Men
(n = 20) p-Value Cohen’s d Power

Age
(years)

42.7 ± 7.3
(3.9–45.9)

43.7 ± 9.3
(38.2–46.4) 0.880 0.05 0.052

Body mass
(kg)

58.8 ± 6.7
(55.9–61.8)

74.8 ± 6.9
(71.8–77.9) <0.001 2.35 0.999

Height
(cm)

165.0 ± 5.7
(163.0–168.0)

175.0 ± 8.2
(171.0–178.0) <0.001 1.35 0.986

Fat mass
(kg)

13.3 ± 7.2
(9.9–16.9)

12.8 ± 5.0
(10.6–15.0) 0.826 0.07 0.055

Lean mass
(kg)

42.2 ± 6.5
(45.1–39.4)

58.3 ± 5.8
(55.8–60.8) <0.001 2.60 1.000

% Body fat 23.3 ± 11.3
(18.3–28.2)

17.8 ± 6.3
(15.0–20.6) 0.066 0.60 0.453

% Gynoid
fat

53.2 ± 6.0
(50.6–55.9)

39.1 ± 5.1
(36.8–41.3) <0.001 2.53 1.000

% Android
fat

42.9 ± 6.6
(40.0–45.8)

57.1 ± 5.4
(54.7–59.5) <0.001 2.36 0.999

Mean ± standard deviation. Confidence interval: 95%.
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2.2. Procedures

All experimental procedures followed the Declaration of Helsinki and the Recom-
mendations for the Conduct, Reporting, Editing, and Publication of Scholarly Work in
Medical Journals. The study was approved by the Human Ethics Committee of the Uni-
versity Federal of São Paulo-UNIFESP (approval number 5.059.538, 25 October 2021). The
participants were given information about the purpose of the research, all of the proposed
physiological laboratory tests, and the risks and benefits. The researchers justified the prin-
ciples of respect for the volunteers, as well as the guarantee of privacy, confidentiality, and
anonymity rights. After all, every participant signed the informed consent form. Initially,
the volunteers completed an online questionnaire from the Google Forms Platform about
their training habits and medical conditions. Then, they attend the Exercise Physiology
Laboratory at UNIFESP once, during the morning period. During the visit, volunteers
were measured for height, body mass, and body composition. Thereafter, participants
were submitted to a running economy evaluation. After 30 min of rest, participants were
subjected to a cardiorespiratory maximal treadmill test. They were instructed to abstain
from strenuous training in the last 24 h before the test and not consume hyper-stimulating
foods on the day (e.g., caffeine). Wearing light clothes and comfortable running shoes was
also recommended.

The organizers provided the results of the total race time and split times of the
competition, which were taken from the official website of the event (https://www.
internacionaldesantos.com.br, accessed on 5 March 2022). All the data were collected
in January 2022 (pre-competition phase), 1 month before the 30th Santos International
Olympic Triathlon.

2.3. Questionnaire

The questionnaire includes two open questions about their medical condition: Do you
have any chronic diseases? Do you take any medications? The questionnaire also includes
four open questions about their training habits: How many hours per week do you cycle
train? How many hours per week do you train for running? How many hours per week do
you train for swimming? How many days, months, or years have you been training for
a triathlon?

2.4. Morphological Variables

Body mass and height were measured to the nearest 0.1 kg and 0.1 cm using a cali-
brated stadiometer Filizola® PL (Filizola, São Paulo, SP, Brazil), respectively. Body composi-
tion was determined using dual-energy X-ray absorptiometry (DEXA, software version 12.3,
Lunar DPX, GE Healthcare, Madison, WI, USA). The volunteers were instructed to drink
water ad libitum and were not given any instructions about fasting or taking any specific
feedings prior to the procedure. They were all evaluated after bladder voiding [11]. These
procedures had been shown to be a reliable method for assessing body composition [12,13].

2.5. Running Economy Test

The volunteers were subjected to a treadmill running test for 4 min on a motorized
treadmill (Inbrasport, ATL, Porto Alegre, Brazil) using a computer-based breath, via a breath
gas exchange analyzer (Quark, Comedy, Italy) at a constant speed of 8 km/h, which was
below the ventilatory threshold (VT) for all volunteers. Prior to each test, the calibration
procedure was carried out according to the manufacturer’s instructions. The last minute
was taken into account when calculating the average oxygen uptake, CO2 production, and
respiratory exchange rate (RER). The RER should be lower than 1.0., as all the participants
were exercising lower than the ventilatory threshold intensity. According to Silva et al. [14],
these variables were used to calculate the oxygen cost and the energy cost of running.
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2.6. Cardiorespiratory Maximal Treadmill Test

After a 30-min recovery period from the running economy test, which was enough
to return all volunteers’ heart rates to rest levels, they were subjected to the cardiores-
piratory maximal treadmill test. The same computer-based metabolic analyzer (Quark,
Comedy, Italy) was used to measure V̇O2max, VT, and respiratory compensation point
(RCP). The maximal aerobic speed (MAS) was also measured. V̇O2max was defined as
a stable increase in oxygen uptake (less than 2.1 mL/kg/min) even after increasing exercise
intensity [15]. VT was calculated using the following criteria: An increase in the ventilatory
equivalent for oxygen without an increase in the equivalent for carbon dioxide and an
increase in end-tidal pressure of oxygen. The RCP was determined by increasing the CO2
equivalent ventilatory and decreasing the end-tidal pressure of CO2 [16]. Two independent
investigators determined VT and RCP, and a third researcher was consulted in the event
of disagreement. The MAS was defined as the lowest exercise intensity that produced
V̇O2max [10].

2.7. Total Race and Split Time Results

Total race and split time results were provided by the organizers of the 30th Santos
International Olympic Triathlon, which were accessed via the official website of the event
(https://www.internacionaldesantos.com.br/, accessed on 5 March 2022).

2.8. Statistical Analysis

The data were presented in the form of mean and standard deviations. According
to the Kolmogorov–Smirnov and Levene’s tests, all variables had a normal distribution
and homogeneous variability. A Student’s t-test for independent samples was used to
compare the variables of male and female athletes. To determine the magnitude of the
differences, between group effect sizes were computed for each outcome. Using Cohen’s
effect sizes, the magnitude of any change was judged according to the following criteria:
d < 0.2 was considered as ignored; 0.2 ≤ d < 0.5 was considered as a “small” effect size;
0.5 ≤ d < 0.8 represented a “moderate” effect size; 0.8 ≤ d < 1.3 a “large” effect size;
and d ≥ 1.3 a “very large” effect [17]. The Pearson linear correlation coefficient and
dispersion diagrams were used to validate the level of association between each split time
and total race time with other measured variables. To compare the triathlon race time to the
previous triathlon experience, a one-way ANOVA was used. Thereafter, we considered the
significant correlations for the stepwise adjustment of the multiple linear regression model.
The formula of the regression model is x = α + β·y + E, where x is the dependent variable,
y is the independent variable, α is the intercept, β is the slope, and E is the residual. For
each regression equation, the coefficient of determination (r2), a number that measures
how well a statistical model predicts an outcome, was presented. For all regression models
presented, Durbin–Watson Test (to detect autocorrelation), variance inflation factor (VIF)
and tolerance (to detect multicollinearity), the normality of the distribution of residuals,
and Q-Q plot (to detect homoscedasticity) were presented. The G*Power version 3.1.9.2
(Franz, Universität Kiel, Germany) was used to determine the sample size and analyze
the test power level. A sample size calculation for regression analysis for overall race time
with two predictors, using previous published data from Puccinelli et al. [10] (r2 = 0.607),
showed that 20 athletes were needed to detect a relevant difference with 80% power and
a significance level of 5%. The powers of the analyses were also calculated. The analyses
were carried out using the IBM SPSS Statistics (version 22, USA) software, with the level of
significance set at p < 0.05.

3. Results

In terms of physiological variables, men had significantly higher values for V̇O2max
(L/min) (p < 0.001, d = 2.74), V̇O2max (mL/kg/min) (p = 0.020, d = 0.769), MAS (p < 0.001,
d = 1.30), VT speed (p = 0.011, d = 0.843), and RCP speed (p < 0.001, d = 1.78). The results
showed no significant difference in the percentage of V̇O2max at VT (p = 0.129, d = 0.490)
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or RCP (p = 0.558, d = 0.173) between men and women. Running economy, as measured by
oxygen cost or energy cost, did not differ significantly between sexes (p = 0.540, d = 0.196
and p = 0.600, d = 0.167, respectively) (Table 2).

Table 2. Measured variables in the cardiorespiratory maximal test and performance for each sex.

Women
(n = 20)

Men
(n = 20) p-Value Cohen’s d Power

Cardiorespiratory
maximal test

V̇O2max (L/min)
2.90 ± 0.39
(2.72–3.07)

4.08 ± 0.47
(3.88–4.28) <0.001 2.74 1.00

V̇O2max
(mL/kg/min)

49.7 ± 7.6
(46.3–53.0)

54.6 ± 5.0
(52.4–56.8) 0.020 0.769 0.659

MAS (km/h) 14.9 ± 1.8
(14.1–15.7)

17.1 ± 1.6
(16.4–17.8) <0.001 1.30 0.979

V̇O2 at VT
(mL/kg/min)

38.0 ± 6.3
(35.3–40.0)

40.4 ± 4.0
(38.6–42.2) 0.164 0.499 0.336

% V̇O2max at VT
76.2 ± 5.3
(73.9–78.6)

73.8 ± 4.7
(71.7–75.9) 0.129 0.490 0.326

Speed at VT (km/h) 10.7 ± 1.6
(10.0–11.4)

11.8 ± 1.1
(11.4–12.3) 0.011 0.843 0.738

V̇O2 at RCP
(mL/kg/min)

45.1 ± 6.9
(42.1–48.1)

49.1 ± 4.7
(47.4–51.1) 0.025 0.736 0.621

% V̇O2max at RCP
90.5 ± 3.9
(88.7–92.2)

89.8 ± 3.7
(88.2–91.4) 0.588 0.173 0.083

Speed at RCP
(km/h)

12.8 ± 1.6
(12.0–13.5)

14.4 ± 1,2
(13.9–15.0) <0.001 1.78 0.999

Oxygen cost
(mL/kg/km)

226.0 ± 20.3
(217.0–235.0)

222.0 ± 18.1
(214.0–230.0) 0.540 0.196 0.092

Energy cost
(Kcal/kg/km)

1.11 ± 0.09
(1.07–1.15)

1.09 ± 0.09
(1.05–1.13) 0.600 0.167 0.080

Race performance

Swimming (seconds) 2072 ± 518
(1844–2219)

1796 ± 265
(1680–1912) 0.041 0.670 0.670

Cycling (seconds) 4274 ± 405
(4097–4452)

3969 ± 329
(3825–4114) 0.013 0.826 0.720

Running (seconds) 3143 ± 546
(2904–3382)

3060 ± 371
(2853–3266) 0.608 0.163 0.079

Total race time
(seconds)

9489 ± 1357
(8894–10083)

8825 ± 920
(8421–9228) 0.078 0.573 0.423

Mean ± standard deviation. Confidence interval: 95%. MAS: Maximal aerobic speed; V̇O2 at VT: V̇O2 at
ventilatory threshold; % V̇O2max at VT: % V̇O2max at ventilatory threshold; V̇O2 at RCP: V̇O2 at respiratory
compensation point; % V̇O2max at RCP: % V̇O2max at respiratory compensation point.

Men were significantly faster in the swimming split (p = 0.041, d = 0.670) and cycling
split (p = 0.013, d = 0.826) of the Olympic-distance triathlon race, but there was no significant
difference in the running split (p = 0.608, d = 0.163) or total race time (p = 0.078, d = 0.573)
(Table 2). There was no significant difference in the years of triathlon experience (p = 0.807)
between women [3(1–3)] and men [3(1–3)]. The level of association between each split
and total race performance with body composition or physiologic variables was presented
in Table 3.
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Table 3. Pearson’s correlation coefficient between performance in swimming, cycling, running, total
race time, and measured variables for both sexes.

Swimming
(n = 20)

Cycling
(n = 20)

Running
(n = 20)

Total Time
(n = 20)

Fat mass (kg) W: r = 0.278
M: r = 0.475 *

W: r = 0.604 *
M: r = 0.245

W: r = 0.612 *
M: r = 0.657 *

W: r = 0.533
M: r = 0.560 *

Lean mass (Kg) W: r= −0.345
M: r= −0.257

W: r= −0.530 *
M: r= −0.210

W: r= −0.413
M: r= −0.382

W: r= −0.456 *
M: r= −0.344

% Body fat W: r = 0.353
M: r = 0.495 *

W: r = 0.653 *
M: r = 0.300

W: r = 0.648 *
M: r = 0.702 *

W: r = 0.590 *
M: r = 0.609 *

% Gynoid fat W: r = 0.188
M: r= −0.541 *

W: r= −0.037
M: r= −0.597 *

W: r= −0.035
M: r= −0.258

W: r = 0.046
M: r= −0.501 *

% Android fat W: r= −0.138
M: r = 0.580 *

W: r = 0.108
M: r = 0.598 *

W: r = 0.110
M: r = 0.353

W: r = 0.024
M: r = 0.561*

V̇O2max
(L/min)

W: r= −0.713 *
M: r= −0.169

W: r= −0.776 *
M: r= −0.154

W: r= −0.711 *
M: r= −0.361

W: r= −0.790 *
M: r= −0.288

V̇O2max
(mL/kg/min)

W: r= −0.634 *
M: r= −0.375

W: r= −0.781 *
M: r= −0.237

W: r= −0.828 *
M: r= −0.678 *

W: r= −0.808 *
M: r= −0.539 *

MAS (km/h) W: r= −0.633 *
M: r= −0.442

W: r= −0.690 *
M: r= −0.406

W: r= −0.845 *
M: r= −0.790 *

W: r= −0.788 *
M: r= −0.676 *

V̇O2 at VT
(mL/kg/min)

W: r= −0.659 *
M: r= −0.475 *

W: r= −0.794 *
M: r= −0.343

W: r= −0.802 *
M: r= −0.614 *

W: r= −0.811 *
M: r= −0.573 *

% V̇O2max at VT
(%)

W: r= −0.166
M: r= −0.278

W: r= −0.141
M: r= −0.235

W: r= −0.089
M: r= −0.036

W: r= −0.141
M: r= −0.182

Speed at VT
(km/h)

W: r= −0.490 *
M: r= −0.591 *

W: r= −0.701 *
M: r= −0.385

W: r= −0.787 *
M: r= −0.803 *

W: r= −0.713 *
M: r= −0.719 *

V̇O2max at RCP
(mL/kg/min)

W: r= −0.581 *
M: r= −0.548 *

W: r= −0.757 *
M: r= −0.298

W: r= −0.793 *
M: r= −0.695 *

W: r= −0.581 *
M: r= −0.620 *

% V̇O2max at
RCP

W: r = 0.208
M: r= −0.386

W: r = 0.107
M: r= −0.240

W: r = 0.149
M: r= −0.050

W: r = 0.171
M: r = 0.224

Speed at RCP
(km/h)

W: r= −0.576 *
M: r= −0.556 *

W: r= −0.731 *
M: r= −0.416

W: r= −0.842 *
M: r= −0.851 *

W: r= −0.777 *
M: r= −0.744 *

Oxygen cost
(mL/kg/min)

W: r= −0.065
M: r = 0.034

W: r= −0.510 *
M: r= −0.60

W: r = 0.292
M: r = 0.141

W: r= −0.294
M: r = 0.061

Energy cost
(kcal/kg/km)

W: r = 0.014
M: r = 0.070

W: r= −0.453 *
M: r= −0.040

W: r= −0.207
M: r = 0.200

W: r= −0.213
M: r = 0.109

W: Women; M: Men; r: Pearson’s correlation coefficient; p-value between parenthesis; * p < 0.05; mean ± standard
deviation. Confidence interval: 95%. MAS: Maximal aerobic speed; V̇O2 at VT: V̇O2 at ventilatory threshold;
% V̇O2max at VT: % V̇O2max at ventilatory threshold; V̇O2 at RCP: V̇O2 at respiratory compensation point; %
V̇O2max at RCP: % V̇O2max at respiratory compensation point.

When female (p = 0.113) and male (p = 0.217) athletes with less than 1 year, 1–3 years,
and more than 3 years of triathlon training experience were compared, no significant differ-
ence in the triathlon race time was found. There was also no significant difference in swim-
ming, cycling, and running split times between those with less than 1 year, 1–3 years, and
more than 3 years of triathlon training experience in the female group (p = 0.053, p = 0.397,
p = 0.137, respectively) and male group (p = 0.077, p = 0.248, p = 0.380, respectively).

Multiple linear regression adjusted models were fitted to determine which measured
body composition and physiological variables can better predict the results by the stepwise
method in each split time and the overall race time for women and men. The statistical
models resulting from the analyses for the female sample are presented in Table 4, while
those for the male sample are presented in Table 5.
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Table 4. Multiple linear regression models for estimating performance in swimming, cycling, running,
and total race time for female athletes.

Modality r2 Z Df p-Value SEE Tolerance VIF Durbin–
Watson Power

Time 1500 m (s) = 4817 − 877 (absol. V̇O2max) − 378 (T.E.)
Swimming 0.634 13.8 2.16 <0.001 304 >0.997 1 2.17 0.99

Time 40 Km (s) = 6347 − 41.8 (relat. V̇O2max)
Cycling 0.610 28.2 1.18 <0.001 246 0.961 1 1.59 0.99

Time 10 Km (s) = 6766 − 284 (speed at RCP)
Running 0.709 43.8 1.18 <0.001 287 1 1 2.35 0.99

Total time (s) = 19077.4 − 131 (relat. V̇O2max) − 61.4 (lean mass) − 886.1 (T.E)
Total Time 0.825 23.6 3.15 <0.001 561 1 <1.08 2.15 1.00

Absol. V̇O2max: Absolute V̇O2max (L/m); T.E.: Triathlon experience > 3 years; Relat. V̇O2max: V̇O2max relative
to body mass (mL/kg/min); speed at RCP: Speed at respiratory compensation point.

Table 5. Multiple linear regression models for estimating performance in swimming, cycling, running,
and total race time for men.

Modality R2 Z Df p-Value SEE Tolerance VIF Durbin–
Watson Power

Time 1500 m (s) = 1836.8 − 89.6 (speed at RCP) + 22 (% Android fat)
Swimming 0.494 8.31 2.17 0.003 183 0.907 1.1 1.82 0.95

Time 40 Km (s) = 1907.2 + 36.1 (% Android fat)
Cycling 0.357 10 2.18 0.005 257 1 1 2.17 0.88

Time 10 km (s) = 7750 − 325 (speed at RCP)
Running 0.724 47.3 1.18 <0.001 241 1 1 1.71 0.99

Total time (s) = 12850 − 294.1 (MAS) + 56.3 (% Body Fat)
Total Time 0.578 11.7 2.17 <0.001 582 0.808 <1.24 1.60 0.99

Speed at VT-2: Speed at ventilatory threshold-2 (km/h); MAS: Maximal aerobic speed (km/h).

For the women, in swimming, the variables that better adjusted to the model were
absolute V̇O2max (β = −877, t = −4.50, p < 0.001) and experience in triathlon competition
(β = −378, t = −245, p = 0.026), and both explain 63.4% of the split time performance in
swimming. In cycling, the best model used only one variable: V̇O2max relative to body
mass (β = −41.8, t = −5.31, p < 0.001), and it can explain 61% of the cycling split time.
Similarly, the best model for running used only one variable: The speed at RCP (β = −325,
t = −6.62, p < 0.001), and it can explain 70.9% of the running split time. Finally, for total
race time, the best model includes V̇O2max (β = −131, t = −6.61, p < 0.001), lean mass
(β = −61.4, t = −2.66, p = 0.018), and triathlon experience (β = −886.1, t = −3.01, p = 0.009),
and they can explain 82.5% of the overall race time (Table 4).

For the men, in swimming, the best variables were speed at RCP (β = −89.6, t = −2.31,
p = 0.034) and percentage of android fat (β = 22.0, t = 2.50, p = 0.023), and both can explain
49.4% of the swimming performance. In cycling, the best equation used only one variable:
Percentage of android fat (β = 36.1, t = 3.16, p = 0.005), and it can explain 35.7% of the
cycling split time. Similarly, in running, the best model used only one variable: Speed at
RCP (β = −325, t = −6.88, p < 0.001), and it can predict 72.4% of the running performance.
For the total race time, the variables that best adjusted to the model were MAS (β = −294.1,
t = −2.89, p = 0.010) and percentage of body fat (β = 53.6, t = 2.20, p = 0.042), and both can
predict 57.8% of the performance (Table 5).

4. Discussion

The main findings of this study were as follows: (I) The variables that better adjusted
to the regression models for triathlon performance were different for male and female
athletes; (II) for women, V̇O2max was part of the prediction equations for performance in
swimming, cycling, and overall race time; (III) for women, the triathlon experience time
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was part of the prediction equations for performance in swimming and overall race time;
(IV) for women, the lean mass was part of the prediction equations for the overall race time;
(V) for men, body composition (android fat mass percentage or body fat percentage) was
part of the prediction equations for performance in swimming, cycling, and overall race
time; and (VI) the model for predicting performance in running split, which is the speed
at RCP, was the only one that was found to be very similar between sexes. The current
study’s findings confirmed this initial hypothesis, as the regression models for performance
in swimming, cycling, and overall race time differed between sexes.

4.1. Physiological, Body Composition, and Performance Sex Differences

In terms of body composition, the male sample had significantly more lean mass than
the female sample. However, there was no difference in fat mass (kg) between sexes. The
% fat mass was also not significantly different (p = 0.066) between sexes; however, the
effect size of the difference was 0.6 (medium effect), and the power of this analysis was
very low (power = 0.453); therefore, caution should be exercised when claiming that there
is no difference in % fat mass between sexes. Despite the similarity of the total fat mass
(kg), the distribution of body fat differed significantly between sexes. Female athletes
had a higher gynoid percentage, while male athletes had a higher android percentage.
These data are consistent with the previous study [18] for non-athletes and athletes [19].
Moreover, these findings are especially important given that the regional fat distribution in
gynoid or android regions is associated with performance [19] and lipid profile [18].

In terms of physiological variables, male athletes had higher V̇O2max and MAS than
female athletes. However, the percentage of V̇O2max at VT and RCP did not differ between
sexes. Although the literature agrees that men have higher maximum oxygen consumption
values [8], data on VTs are contradictory. Puccinelli et al. [10] discovered that female
athletes had a higher percentage of V̇O2max at VT and RCP than male athletes. These
contradictory findings could be attributed to the varying levels of training of the athletes.
Moreover, Puccinelli et al. [10] reported that the V̇O2max values for male athletes were
59.9 ± 6.3 mL/kg/min and our male sample had a lower value of 54.6 ± 5.0 mL/kg/min,
whereas female V̇O2max values were comparable between the two studies (49.5 ± 7.8 and
49.7 ± 7.6 mL/kg/min, respectively).

The running economy did not differ between sexes. This finding is consistent with
previous literature data [4]. Men outperformed women in cycling and swimming, with the
difference being more evident in cycling. In the running split and the overall race time,
there was no significant difference between sexes; however, due to the fact that the power
of this statistical analysis was low (power = 0.079; power = 0.423, respectively), caution is
advised in interpreting this lack of significant difference between sexes.

4.2. Predictors of Triathlon Overall and Split Race Times for the Female Sample

For the female sample, absolute (L/min) and relative (mL/kg/min) V̇O2max values
are strongly related to all the split and overall race times. This is an expected result since
the higher the individual’s oxygen consumption capacity, the greater the exercise intensity
they can sustain [9,10]. The V̇O2max by the regression models for swimming split time,
cycling split time, and overall split time, demonstrate the importance of this variable in
female performance.

Triathlon experience appears to be an important variable in predicting performance
for female athletes, as evidenced by the prediction equations for swimming split time
and overall race time. Moreover, previous research has shown that triathlon experience is
an important predictor of performance in splits, particularly in swimming and total race
time [9,20–23]. Swimming in the sea, bay, lake, or river (current, temperature, navigation,
buoyancy, etc.) can have very different environmental conditions than swimming in a pool,
where most athletes train, and these differences can make triathlon training experience
especially important for swimming performance. Previous studies have already demon-
strated the positive impact of previous experience on performance in the triathlon’s total
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race time [20,21]. In the same direction, sports practice during childhood, even non-specific
physical activity, has previously been shown to be highly correlated to better performances
in swimming and total race times in the Olympic triathlon [24].

Apart from swimming, regarding body composition, body fat mass (kg or %) showed
a significant correlation with cycling and running split time and total race time for women.
These findings are consistent with previous literature data [5,9,25]. The lack of association
between body fat and swimming split time could be attributed to fatter individuals having
better body buoyancy due to lower body density, which contributes to passive floating
and gliding [25,26]. Even though there is a significant association between body fat and
running or cycling performance, it is not included in the regression models. The absence of
body fat in the equation can be explained by the fact that this variable is associated with
V̇O2max, and since V̇O2max composes the equation, body fat could also not compose the
equation to avoid the multicollinearity effect.

The cycling performance was strongly associated with lean mass. The important
relationship that exists between muscle mass and cycling performance can be explained
by a greater ability to apply force on the pedals, which will generate greater power and
displacement speed in cycling [27]. In contrast, the present study found no significant
association between muscle mass and swimming split performance. Despite the fact
that muscle mass contributes to propulsive force during swimming, it also contributes to
an increase in body density and the tendency for body sinking, which increases swimming
drag [28,29]. Therefore, when considering swimming speed as the function of drag and
propulsion forces, there is no agreement in the previous literature on whether muscle mass
has a positive or negative effect on swimming performance [24,26].

In terms of overall race time, muscle mass appears to be very important for female
athletes, as this variable composes the regression model used to predict the overall race time.
The speed at RCP, MAS, and V̇O2max (mL/kg/min) represented the measured variables
that showed the strongest association with running performance, which is consistent with
previous literature data [22,30,31]. Regarding the regression model for running split time,
the speed at RCP has been used to build the model.

4.3. Predictors of Overall Triathlon and Each Split Race Time for the Male Sample

Regarding the physiological variables, the V̇O2max (mL/kg/min) presented a signifi-
cant correlation with running split time and overall split time, similar to the MAS. At the
same time, the speed and V̇O2 measured at the VT and RCP had a significant correlation
with swimming and running split times, as well as overall race time. The significance of
these variables can be seen in the fact that the speed at RCP composes the regression models
used to predict the swimming and running time, whereas MAS composes the model used
to predict the overall race time. The inclusion of the MAS rather than the V̇O2max in the
prediction model of the overall race time can be justified since the MAS is known to be
dependent on the V̇O2max and running economy [10]. The lack of association of V̇O2max
and VT measurements with cycling performance may be due to some factors, such as the
lack of specificity of the assessment method. The test used to determine V̇O2max and
VTs was developed on a treadmill, and it is possible that an assessment performed on
a bicycle will be more effective in identifying the variables associated with cycling split
performance. Another complicating factor to consider is the tactical dimension in cycling
split, such as drafting, pacing, and contextual factors on race dynamics [32]. Moreover, the
results showed no significant association between running economy and performance. It is
already expected, since running economy is regarded as a particularly important variable
for distinguishing performance only among athletes with similar values for V̇O2max [33],
which is not the case in the present study.

In terms of body composition variables, lean mass (kg) was not related to any split or
overall race time. In contrast, fat mass (%) was associated with swimming, running, and
overall race time. In addition, the fat mass percentage was used to create regression models
to predict overall race time. Even though the total fat mass (%) was not associated with
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cycling split time, the distribution of fat mass affects performance in cycling and swimming
split times. The higher the percentage of fat mass in the android, the worse the performance.
With increased abdominal volume, it can be more difficult to assume an aerodynamic
posture on a time trial bike, which can impair cycling performance. In a time trial bike
position, the increase in abdominal volume can also make breathing mechanics difficult,
where small shifts in cyclist positions may have a meaningful impact on performance [34].
A higher android fat percentage can also impair optimal body posture while swimming.
McLean et al. [26] demonstrated that a higher android fat mass contributes to decreased
buoyancy, which increases drag forces and reduces swimming speed [25]. Therefore, fat
mass distribution is a very important variable associated with performance, and it was
used to construct the regression model for swimming and cycling split times.

The regression model used in this study to predict swimming split time was composed
of RCP speed and android fat mass (%). The android fat mass was the unique variable
that composed the regression model for cycling split time. It is possible that evaluating the
physiological variables in a more specific ergometer (bike) will yield regression models with
better predictive values. In this direction, for the running split time, only the RCP speed
is used to build the regression model. Finally, MAS and total body fat (%) composed the
regression model for overall race time. As a result, it is demonstrated that only a treadmill
assessment of MAS and a body composition assessment can predict more than 50% of the
overall race time in an Olympic-distance triathlon.

4.4. Limitations and Strengh of the Study

The lack of physiological measurements in swimming or cycling activities is one of the
study’s limitations. It is possible that with these additional evaluations (cardiorespiratory
maximal tests performed at cycle ergometer or at swimming pool), better equations for
predicting triathlon performance can be presented. The authors propose that future studies
should be designed with this goal in mind. The presentation of triathlon performance
prediction equations for female athletes is an important strength of the study, as women
are understudied, and the factors associated with performance differ between sexes. In
addition, the sample size can be considered as very adequate since it reached a high level
of power. As the power of a hypothesis test is 1 minus the probability of a type II error, the
probability of making a type II error was exceedingly small. Finally, another strength of the
study was using reliable and valid instruments, such as DEXA and breath, via the breath
gas exchange analyzer.

5. Conclusions

For women’s endurance performance, there are strong correlations between physio-
logical variables usually measured in a laboratory. Moreover, it was possible to develop
significantly predictive performance equations for triathlon total race time and splits. The
physiological measures evaluated in the incremental treadmill test and body composition
variables can predict more than 50% of the performance in the total time of the Olympic
triathlon event. In addition, regression models for predicting female performance can
predict a higher percentage of performance than models for predicting male performance.
Finally, and perhaps most importantly, the variables capable of predicting male perfor-
mance are not the same as those capable of predicting female performance, justifying the
need to evaluate and study each gender separately.
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Abstract: This study investigated the effect of low-intensity aerobic training combined with blood
flow restriction (LABFR) on body composition, physical fitness, and vascular functions in recreational
runners. The participants were 30 healthy male recreational runners, randomized between the LABFR
(n = 15) and control (n = 15) groups. The LABFR group performed five sets of a repeated pattern of
2 min running at 40% VO2max and 1 min passive rest, while wearing the occlusion cuff belts on the
proximal end of the thigh. The frequency was three times a week for the period of eight weeks. The
control group performed the identical running protocol without wearing the occlusion cuff belts. At
the end of the training, the participants’ body composition (fat mass, body fat, muscle mass, and
right and left thigh circumference), physical fitness (power and VO2max), and vascular responses
(flow-mediated dilation (FMD), brachial ankle pulse wave velocity (baPWV), ankle brachial index
(ABI), systolic blood pressure (SBP) and diastolic blood pressure (DBP)) were measured. The results
showed a significant time × group interaction effect on muscle mass (F = 53.242, p = 0.001, ηp

2 = 0.664)
and right thigh circumference (F = 4.544, p = 0.042, ηp

2 = 0.144), but no significant variation in any
other factors, including fat mass, body fat, left thigh circumference, FMD, baPWV, ABI, SBP, and DBP
(p > 0.05). Overall, our results suggested that eight-week LABFR exerted a positive effect on the body
composition, especially muscle mass and thigh circumference, of recreational runners.

Keywords: blood flow restriction; body composition; low-intensity aerobic training; recreational
runner; physical fitness; vascular responses

1. Introduction

Recent interest in the application of blood flow restriction (BFR) has focused on the
effect of training in general training adaptations during periods of reduced blood flow [1].
In Japan, Dr. Yoshiaki Sato promoted “kaatsu training”, involving “training with added
pressure” through which BFR became widely known to the general public [2]. In typical
BFR training, a cuff/tourniquet system is used to apply a partial restriction to the arterial
inflow in the working musculature during exercise, while the venous outflow is completely
restricted [3] so that the consequent blood pooling allows for an increased training effect [4].
Recent evidence has indicated the superiority of the reinforced training stimuli using the
combined BFR training compared to the same exercise without BFR training [5].

The BFR method is usually used during low-load resistance exercise, and has been
shown to be effective in enhancing long-term hypertrophic and strength responses in both
clinical and athletic populations [6]. According to several studies on BFR training, an
increase in muscle strength and hypertrophy could be expected from the conventional
resistance training only via high-intensity training using an approximately 70–85% load of
one-repetition maximum (1 RM), whereas the BFR training exerted a similar level of effect
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using a 20–50% load of 1 RM [5–7]. In fact, BFR training has been shown to offer significant
benefits in the change in skeletal muscles in a number of studies, for example, by increasing
the local muscle mass, strength, and endurance, despite the training being performed with
lower resistance [8]. Moreover, several recent studies have reported a positive effect of BFR
training in controlling the arterial compliance compared to the absence of BFR training,
as well as stronger advantages in the change in vascular functions through four or more
weeks of BFR training compared to conventional resistance training, thus, implicating a
potential contribution in cardiovascular health [9].

Meanwhile, changes induced by low-intensity aerobic training combined with BFR
(LABFR) have been investigated in recent studies, with the results showing the advan-
tages of BFR training as a single mode of training based on the simultaneous increase
in aerobic fitness and muscular strength, in addition to the increased maximum oxygen
uptake (VO2max), delayed onset of blood lactate accumulation, and enhanced economy of
motion [10,11]. For these reasons, LABFR has been applied to individuals with a low level
of training or a handicap in certain training, such as those recovering from an injury or those
seeking assistive training to add new stimuli to aerobic training, and the reported effects
were positive in inducing a variety of physiological changes [12–14]. In fact, Abe et al. [15]
reported that, although the intensity of slow-walk training with BFR was set to a low level,
secretion of growth hormone after acute exercise was increased and, after three weeks, the
thigh muscle cross-sectional area and volume were increased by 4–7%. In a recent study
by Pinheiro et al. [12], trained cyclists with knee osteoarthritis performed low-intensity
aerobic training combined with BFR for nine weeks, in which a positive change was found,
not only for aerobic fitness such, as with 20 km cycling time-trial performance and peak
oxygen consumption (VO2peak), but also for right and left leg maximal strength and the
cross-sectional area of the vastus lateralis.

These studies on LABFR involved individuals who were injured or poorly trained.
However, in some cases, low-intensity aerobic training is one of the training strategies used
by recreational runners. High-intensity interval training can increase catabolic hormones,
such as cortisol, which inhibit muscle protein synthesis, reducing muscle hypertrophy
and muscle strength development [16,17]. In addition, BFR changes acute physiological
stressors, such as local muscle oxygen availability and vascular shear stress, which can lead
to adaptations that cannot be easily obtained with traditional training [1]. These advantages
can provide positive effects for recreational runners. However, research on the positive
effects of LABFR for recreational runners is limited. Thus, this study aimed to investigate
the effect of an eight-week protocol of LABFR on body composition, physical fitness,
and vascular responses in recreational runners. We hypothesized that regular LABFR
training will increase the body composition, physical fitness, and vascular responses in
recreational runners.

2. Methods
2.1. Subjects

Thirty health male recreational runners participated in this study. A recreational
runner was defined as an individual who had regularly participated in running three
times a week for a minimum of six months. The sample size was estimated by setting
the effect size to 0.25 with an alpha level of p ≤ 0.05 and statistical power > 0.80. As a
result, the sample size required for this study was n = 24. Considering the drop-out rate, a
total of 30 individuals were recruited. Individuals who received an operation related to a
musculoskeletal disorder in the past six months, those with an injury history, and those
with a vascular health problem (e.g., hypertension or deep vein thrombosis, or distended
varicose veins) or a history of medical treatment or drug administration, were excluded.
Prior to the experiment, the participants were given detailed explanations on the purpose,
procedures and methods of the experiment, and all participants voluntarily signed an
informed consent form. The 30 participants were randomized between the LABFR group
(n = 15) and the control group (n = 15), but 1 from the LABFR group dropped out of the
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study for a personal reason, leaving 14 individuals in the LABFR group and 15 individuals
in the control group at the end of the experiment (Table 1). An independent t-test found
no significant differences between groups for the variables of age, height, weight, body
mass index (BMI), and body fat (p > 0.05). The study procedures and methods, and the
consent form, were approved by the university’s Institutional Review Board. The study
was conducted between April 2021 and January 2022.

Table 1. Physical characteristics of the subjects.

LABFR (n = 14) CON (n = 15)

Age (years) 30.21 ± 4.93 29.67 ± 3.06
Height (cm) 175.07 ± 8.46 172.27 ± 5.66
Weight (kg) 75.23 ± 9.08 73.59 ± 10.68

BMI (kg/m2) 24.44 ± 2.32 24.63 ± 2.77
Body fat (%) 12.54 ± 4.27 15.33 ± 5.05

Data are presented as mean ± standard deviation (SD); BMI, body mass index; LABFR, low-intensity aerobic
training combined with blood flow restriction group; CON, control group.

2.2. Low-Intensity Aerobic Training Combined with Blood Flow Restriction

Participants visited a laboratory with BFR equipment to perform training. Here,
VO2max was measured for LABFR. Before the VO2max measurement, the participants at-
tended an education session on relevant procedures and precautions. Afterwards, each
participant performed a warm-up on the treadmill, followed by exercise at 1.7 mph with
10% slope. At every 3 min interval, the speed was increased by 0.8–0.9 mph, and the
slope was increased by 2% as part of the Bruce protocol to measure the VO2max. In the
measurements, gas analyzers (Quark b, Cosmed, Rome, Italy) were concurrently applied,
after adjustments for the daily volume, humidity, and temperature. The criteria of VO2max
were (i) a change in VO2 ≤ 2 mL·kg−1·min−1; (ii) respiratory exchange ratio ≥ 1.1; (iii) age-
predicted maximal heart rate ≥ 85%. Before performing LABFR, 10 min of light jogging
was performed as a warm-up. Afterwards, each participant wore an occlusion cuff belt
(KAATSU NANO, KAATSU JAPAN, Tokyo, Japan) at the proximal end of both thighs
(Figure 1). For LABFR, each participant repeated a pattern of 2 min running on a treadmill
(HERA-9000, Health-One, Goyang, Republic of Korea) with the exercise intensity set to
40% VO2max, followed by a 1 min passive rest, performing a total of five sets. The total time
taken for exercise was 15 min. The pressure range during LABFR was set to 160–240 mmHg,
because the use of LABFR with higher occlusion pressures (≥130 mmHg) has been shown
to improve both the aerobic fitness and aerobic performance in young adults [18]. Partic-
ipants performed LABFR three times per week for a period of eight weeks. They were
instructed to take sufficient recovery time after training, and were also asked to avoid
consuming caffeine-containing foods and beverages for 24 h before training. The LABFR
protocol in this study was designed with reference to previous studies [2,18]. The LABFR
protocol used in this study was registered at https://www.protocols.io/ (accessed on 20
July 2022). The control group performed the same protocol as the LABFR group without
wearing the occlusion cuff belts for blood flow restriction.

2.3. Body Composition

The body composition (fat mass, body fat, and muscle mass) of the participants was
measured using a bioelectrical impedance analysis device (InBody-270, Biospace, Seoul,
Republic of Korea) [19]. For accurate measurements, the participants were prohibited
from performing excessive physical activity or exercise on the day prior to the day of
measurement. They were also advised not to drink caffeinated or alcoholic beverages with
a potential effect on moisture imbalance, although they were allowed to drink an adequate
quantity of water. After a minimum of 8 h of fasting, the measurements were taken during
the morning hours. The thigh circumference was also measured to examine the changes in
muscle hypertrophy [20]. For this, while the participant’s leg was in a natural extension
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state, a spot 18 cm from the knee joint was marked with ink and the circumference around
the spot was measured using a fiberglass tape (Gulick II, Country Technology Inc., Gays
Mills, WI, USA).
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2.4. Physical Fitness

The physical fitness was measured and subdivided into power and cardiorespiratory
fitness. Power was measured using the vertical jump. For this, a jump-MD (TKK-5406,
TAKEI, Niigata, Japan) was used. While standing on a mat with the feet aligned with each
respective shoulder, the participant made as high a vertical jump as possible through the
instant flexion and extension of the knees at the investigator’s signal. The measurements
were taken twice, and the higher of the two values was recorded. The participant was
cautioned against jumping through rebounding. For cardiorespiratory fitness, the VO2max
was measured. The measurement procedure for VO2max has already been described in
detail in Section 2.2.

2.5. Vascular Responses

Flow-mediated dilation (FMD) is a method of assessing the endothelial functions based
on the level of expansion of the brachial artery in response to the nitric oxide produced by
vascular endothelial cells. To measure the FMD, an ECG-guided high-resolution B-mode
ultrasound system (UNEX-EF-38G, UNEX Corp., Nagoya, Japan) was used to measure
the baseline diameter of the brachial artery at rest, and the maximum diameter after
applying shear stress to express the change in brachial arterial diameter as a ratio was
determined [21]. The respective equation for FMD is as follows: FMD = [(maximal diameter–
baseline diameter)/baseline diameter × 100]. The brachial ankle pulse wave velocity
(baPWV) of each participant in the supine position was measured using a non-invasive
vascular screening device (VP-1000 Plus, Omron, Kyoto, Japan) after at least 5 min of
rest. The sampling time for one pulse wave recording was 10 s. For each participant,
two consecutive measurements were taken and the mean of two values was used in the
analysis. The factors that determine a pulse wave are time difference (∆T), distance between
two measured spots (L), and participant’s height (cm). The pulse wave (L/∆T, cm/s) for
an arterial segment was automatically calculated by the device [22]. Ankle brachial index
(ABI) was measured using the same device as in the baPWV measurements. The cuff was
applied to the limbs of each participant in the supine position, after at least 10 min of rest.
The systolic blood pressure (SBP) was measured at the left and right brachial artery and
the left and right posterior tibial artery, and by dividing the highest posterior tibial arterial
pressure by the highest brachial arterial pressure, the ratio for ABI was obtained [23]. The
respective equation for ABI was as follows: ABI = (highest left and right ankle systolic
blood pressure)/(highest left and right arm systolic blood pressure).
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2.6. Statistical Analysis

All data in this study were presented as the mean and standard deviation. The
normality and homogeneity were tested using the Kolmogorov–Smirnov and Levene’s test,
respectively. To analyze the time × group interaction effect, a repeated measure ANOVA
was applied, and Bonferroni procedures were used for post hoc comparison. The partial
eta squared (ηp

2) was used to determine the effect size in the mixed ANOVA. All analyses
were performed using the SPSS software (SPSS Statistics 25.0, IBM, Armonk, NY, USA).
The level of significance was set to 0.05.

3. Results

Table 2 presents the changes in body composition after performing the eight-week
LABFR protocol. All body composition variables were normally distributed, as assessed
using the Kolmogorov–Smirnov test (p > 0.05), except for pre- and post-body fat and
pre- and post-right thigh circumference (p < 0.05). Levene’s test showed no significant
difference in variances for all body composition variables (p > 0.05). The results indicated no
significant time × group interaction effect on fat mass (F = 0.265, p = 0.611, ηp

2 = 0.010) and
body fat (F = 0.490, p = 0.490; ηp

2= 0.018). In contrast, significant time × group interactions
effects were found on muscle mass (F = 53.242, p = 0.001, ηp

2 = 0.664) and right thigh
circumference (F = 4.544, p = 0.042, ηp

2 = 0.144). Compared to the control group, the LABFR
group exhibited an increase in muscle mass and right thigh circumference, whereas no
interaction effect was found in left thigh circumference (F = 3.171, p = 0.086, ηp

2 = 0.105).

Table 2. Change in body composition after low-intensity aerobic training combined with BFR.

Group Pre Post F p ηp
2

Fat mass (kg) BFR (n = 14) 12.54 ± 4.27 11.56 ± 3.09
0.265 0.611 0.010CON (n = 15) 15.33 ± 5.05 14.52 ± 4.77

Body fat (%) BFR (n = 14) 16.90 ± 6.42 15.82 ± 6.63
0.490 0.490 0.018CON (n = 15) 20.92 ± 6.88 20.18 ± 6.76

Muscle mass (kg) BFR (n = 14) 35.59 ± 6.08 36.06 ± 5.91
53.242 0.001 *** 0.664CON (n = 15) 32.98 ± 6.13 32.46 ± 6.08

Thigh circumference (right, cm) BFR (n = 14) 56.42 ± 4.23 57.10 ± 4.32
4.544 0.042 * 0.144CON (n = 15) 55.26 ± 5.43 55.36 ± 5.54

Thigh circumference (left, cm) BFR (n = 14) 56.07 ± 3.94 57.10 ± 4.27
3.171 0.086 0.105CON (n = 15) 55.00 ± 5.53 55.46 ± 5.44

Data are presented as mean ± standard deviation (SD); * p < 0.05, *** p < 0.001; BFR, blood flow restriction; LABFR,
low-intensity aerobic training combined with blood flow restriction group; CON, control group.

Table 3 presents the changes in physical fitness after the eight-week LABFR protocol.
All physical fitness variables were normally distributed, as assessed using the Kolmogorov–
Smirnov test (p > 0.05). Levene’s test showed that pre- and post-power were significantly
different variances (p < 0.05). The results indicated no significant time × group interaction
effect on either power (F = 0.624, p = 0.437, ηp

2 = 0.023) or VO2max (F = 0.258, p = 0.616,
ηp

2 = 0.009). Lastly, Table 4 presents the changes in vascular responses after the eight-
week LABFR protocol. All vascular responses variables were normally distributed, as
assessed using Kolmogorov–Smirnov test (p > 0.05). Levene’s test showed no significant
difference in variances for all vascular response variables (p > 0.05). The results showed
no significant time × group interaction effect on FMD (F = 0.042, p = 0.840, ηp

2 = 0.002) or
any other factors, as follows: baPWV (F = 0.073, p = 0.789, ηp

2 = 0.003) and ABI (F = 0.188,
p = 0.668, ηp

2 = 0.007), SBP (F = 0.039, p = 0.845, ηp
2 = 0.001), and DBP (F = 2.354, p = 0.137,

ηp
2 = 0.080).
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Table 3. Change in physical fitness after low-intensity aerobic training combined with BFR.

Group Pre Post F p ηp
2

Power (cm)
BFR (n = 14) 57.57 ± 8.21 62.71 ± 8.38

0.624 0.437 0.023CON (n = 15) 48.93 ± 14.16 53.06 ± 12.10

VO2max (mL/kg/min) BFR (n = 14) 48.59 ± 8.56 51.74 ± 9.45
0.258 0.616 0.009CON (n = 15) 44.01 ± 6.80 46.48 ± 6.58

Data are presented as mean ± standard deviation (SD); BFR, blood flow restriction; LABFR, low-intensity aerobic
training combined with blood flow restriction group; CON, control group; VO2max, maximum oxygen uptake.

Table 4. Change in vascular responses after low-intensity aerobic training combined with BFR.

Group Pre Post F p ηp
2

FMD (%)
BFR (n = 14) 7.27 ± 2.96 7.39 ± 2.02

0.042 0.840 0.002CON (n = 15) 6.73 ± 1.88 7.01 ± 1.95

baPWV (cm/s)
BFR (n = 14) 1216.07 ± 139.47 1141.89 ± 154.45

0.073 0.789 0.003CON (n = 15) 1179.93 ± 133.21 1110.76 ± 139.25

ABI
BFR (n = 14) 1.11 ± 0.071 1.01 ± 0.115

0.188 0.668 0.007CON (n = 15) 1.09 ± 0.074 1.00 ± 0.082

SBP (mmHg) BFR (n = 14) 126.71 ± 7.31 118.35 ± 7.93
0.039 0.845 0.001CON (n = 15) 125.46 ± 9.50 117.53 ± 6.34

DBP (mmHg) BFR (n = 14) 78.00 ± 9.79 67.21 ± 5.82
2.354 0.137 0.080CON (n = 15) 76.13 ± 9.14 69.93 ± 8.22

Data are presented as mean ± standard deviation (SD); BFR, blood flow restriction; LABFR, low-intensity
aerobic training combined with blood flow restriction group; CON, control group; ABI, ankle brachial index;
baPWV, brachial ankle pulse wave velocity; FMD, flow-mediated dilation; SBP, systolic blood pressure; DBP, dias-
tolic blood pressure.

4. Discussion

The purpose of this study was to investigate the effect of an eight-week LABFR protocol
on the body composition, physical fitness, and vascular responses in recreational runners.
The results indicated a higher level of increase in muscle mass and thigh circumference
in the LABFR group compared to the control group, which agrees with the results of a
number of previous studies. Abe et al. [13] and Kim et al. [14] had reported a positive
effect of LABFR on the cross-sectional area and volume of thigh and quadriceps muscles.
In Abe et al. [13], when young adults who did not regularly participate in aerobic training
performed LABFR for eight weeks, the cross-sectional area and volume of the thigh and
quadriceps muscles showed a significant increase compared to the control group. In
Kim et al. [14], healthy undergraduates performed LABFR for six weeks, as a result of
which the leg muscle mass significantly increased, and the knee flexion muscle strength
increased to a similar level as in vigorous-intensity cycling.

A number of studies suggested that the BFR training may promote muscle growth
by activating the intracellular signaling pathways for muscle protein synthesis, such as
the mTOR pathway, through the creation of a hypoxic environment inside the muscle [24],
and by altering the genetic regulation of muscle satellite cells [25]. Another study claimed
that the muscle hypertrophy induced through BFR could include increased mechanical
tension and metabolic stress and muscle growth as a result of autocrine and/or paracrine
actions [26]. However, it should be noted that the BFR-mediated mechanisms related to
increased muscle mass or hypertrophy had mainly been based on a resistance training
model. Abe et al. [13] and Kim et al. [14], likewise, could not clearly identify the potential
mechanism of LABFR, but suggested only a conjectured mechanism based on resistance
training models used in previous studies despite the reported positive effect of LABFR.
Thus, further studies should investigate the potential mechanisms involved in the post-
LABFR changes. An interesting finding in this study was the lack of change in power
despite the increased muscle mass and thigh circumference. While certain previous studies
have reported the possibility of a positive relation between increasing the muscle mass and
improving the muscle force, others reported a very weak or lack of a relationship [27,28]. It
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is also noteworthy that only the right thigh circumference showed a significant increase
after LABFR in this study. The reason for this change is not clear and should be investigated
in future research.

Likewise, in this study, we hypothesized that there would be a significant change in
physical fitness and vascular responses based on several previous studies suggesting a
potential additional training effect from ischemia–reperfusion caused by cuff pressure on
oxidative metabolism and angiogenesis [29,30]. However, the eight-week LABFR protocol
had not exerted any effect on either physical fitness measure, including VO2max or vascular
responses, such as FMD, baPWV, ABI, SBP, and DBP, in contrast to recent reports. The
study of Karabulut et al. [31], in which healthy and active young male adults performed
six-weeks of LABFR training on a treadmill, reported that the VO2max was higher in the
LABFR group than in the control group. In Pinheiro et al. [12], where trained cyclists
performed a 9-week course of LABFR training, it was also reported that LABFR contributed
to improving the VO2peak. Likewise, in de Oliveira et al. [32], four-week LABFR training
could improve the onset of blood lactate accumulation in active males.

However, the participants in Karabulut et al. [31] and de Oliveira et al. [32] were
males from the general population, and did not regularly participate in endurance training
programs, while the participant in Pinheiro et al. [12] was a trained cyclist with knee
osteoarthritis, which deviated from the present investigation. Moreover, Pinheiro et al. [12]
was a case report on one trained cyclist. The difference in subject characteristics is likely
to have had an influence on vascular responses. The participants in this study were
recreational runners without any physical problems, who had been performing regular
running for a long period of time before participating in this study, and it is likely to have
been difficult to induce a significant change in vascular responses.

This study has a few limitations. First, the subjects of this study included only recre-
ational runners who regularly participated in running. Therefore, the effect of LABFR
on individuals regularly participating in other types of exercise remains unknown. In a
follow-up study, the effect of LABFR should be investigated in different exercise mod-
els. Second, a bioelectrical impedance analysis device and a fiberglass tape were used to
measure the changes in muscle mass and thigh circumference. In addition, power was
measured through vertical jump. A greater variety of instruments could not be used due
to the limitations of laboratory conditions. In the future, the changes in skeletal muscles
should be monitored using a magnetic resonance imager or an isokinetic dynamometer to
extend the scope of the instruments.

5. Conclusions

To conclude, our results indicated that the eight-week LABFR protocol had a potential
positive effect on the body composition, especially muscle mass and thigh circumference, in
recreational runners. These findings suggest that LABFR can be a useful training strategy
for recreational runners seeking muscle-related changes. However, the lack of significant
changes in indicators, such as VO2max or vascular responses that are more closely associated
with the runner, raises a question regarding the practical effectiveness of LABFR, while
implying that care should be taken in result interpretations. The fact that only a few studies
similar to the present investigation have been conducted, as well as the limitations of the
present investigation, should also be considered. In the future, a greater number of studies
investigating the effect of LABFR in recreational runners using a reliable design and more
varied indicators should be conducted.
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Abstract: The present study aimed to examine the vitamin D receptor (VDR), rs2228570 polymor-
phism, and its effect on elite athletes’ performance. A total of 60 elite athletes (31 sprint/power and
29 endurance) and 20 control/ physically inactive, aged 18–35, voluntarily participated in the study.
The International Association of Athletics Federations (IAAF) score scale was used to determine the
performance levels of the athletes’ personal best (PB). Whole exome sequencing (WES) was performed
by the genomic DNA isolated from the peripheral blood of the participants. Sports type, sex, and
competitive performance were chosen as the parameters to compare within and between the groups
by linear regression models. The results showed no statistically significant difference between the CC,
TC, and TT genotypes within and between the groups (p > 0.05). Additionally, our results underlined
that there were no statistically significant differences for the association of rs2228570 polymorphism
with PBs within the groups of the (p > 0.05) athletes. The genetic profile in the selected gene was
similar in elite endurance, sprint athletes, and in controls, suggesting that rs2228570 polymorphism
does not determine competitive performance in the analyzed athlete cohort.

Keywords: athletics; sprint/power athletes; endurance athletes; VDR; rs2228570 polymorphism

1. Introduction

From the inception of humanity to the present date, the differences created by physical
performance and related variables have been regarded as very important parameters in
terms of the survival and continuity of generations. Particularly within the last century, in
addition to factors that affect physical performance such as lifestyle and environmental-
epigenetic interactions, changes in which polymorphisms resulting from genetics also play
a role have become the focal point of the scientific world. Since new findings and locations
of interaction have been revealed along with their causes as a result of the gradual decoding
of human genome codes in the past 25 years, new methods and applications that will
contribute to the scientific world within the framework of improving individual effort
limits have started to gain momentum as well.
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Elite athletes easily adapt to the interaction of genomic and epigenomic features;
training applications; and the changes caused in organisms by nutrition, lifestyle, and
environmental factors. In addition to genetic adaptation, the reshaping of muscles as a result
of training and positive responses to training stimuli are the most apparent reflections of the
ability to adapt. When used in athletes who exhibit elite levels of performance, candidate
genes that reveal athletic ability serve as important clues that can reveal the reflections of
the scope and severity of training applications, load, rest and recovery processes, nutrition,
and injury risks on the field or podium [1,2].

In contemporary medicine, a new era titled “personalized medicine” is beginning.
The necessity to address a variety of metabolic diseases and support individuals with an
approach toward sports activities that are specified based on their genetic infrastructure
has been increasingly emphasized in many countries and scientific communities [3]. Within
this scope, with the discovery of approximately 250 candidate genes that affect athletic
performance up to date, the regulation of methods and applications affecting competitive
performance in consideration of the genetic features of individuals and particularly elite
athletes, and the implementation of application-oriented exercises within this framework,
have started to become increasingly common among trainers and athletes as well [4,5]. In
this context, one of the candidate genes that has been considered by researchers in recent
years in relation to the improvement of physical effort and athlete health is the vitamin D
receptor (VDR) gene. The vitamin D receptor (VDR) is a member of the nuclear receptor
group. The gene coding VDR, a member of the nuclear hormone receptor gene family, was
defined for the first time in 1969. It is localized in 12q13.11 and has a size of 100 kb, and
more than 100 polymorphisms were defined [6,7]. Exons 2 and 3 of the gene, which consist
of 11 exons, code the DNA binding site, whereas exons 4 and 9 code the ligand binding site.

There are four functionally important polymorphic regions within the VDR gene.
The most significant variations of these are polymorphisms such as rs1544410 (intron 8),
rs2228570 (exon 2), rs731236 (intron 8), and rs7975232 (exon 9). These variations can cause
various metabolisms [8,9]. The Fok1 polymorphism (rs2228570) is located at the 5′ end of
exon 2 of VDR and corresponds to the start codon. As a result of the transition of T to C,
ATG–ACG conversion occurs in the first codon and a 424 amino acid variant polypeptide
is produced [6,9–12]. In the absence of this variation, a 427 amino acid polypeptide, which
is regarded as normal, is synthesized. It is stated that the VDR protein has effects on
parathyroid cells, hematopoietic cells, keratinocytes, pancreatic islet cells, reproductive
organs, and the immune system. VDR also exhibits a wide tissue distribution involving
endothelial, vascular smooth muscles, and cardiomyocytes [13].

Vitamin D, which carries out its functions through VDR, is a fat-soluble molecule
derived from the steroidal hormone family [14]. Vitamin D metabolites adjust calcium
homeostasis with the parathyroid hormone D [15]. Vitamin D synthesized in the human
body from cholesterol plays a role in mechanisms affecting skeletal (mineral density, stress
fractures, etc.) and muscular (resistance and power) structure [16] and is stored in fat
cells to be transferred into circulation when needed. Vitamin D plays an important role
in the maintenance of mineral balance [17] and the regulation of calcium metabolism
and protein synthesis within muscle cells by enabling the absorption of phosphorus and
calcium in the kidney and intestines [18]. In the functioning of vitamin D metabolism,
it is thought that the functional polymorphisms on the receptor have different levels of
impact on individuals [8,18]. Vitamin D plays an important role in the healthy development
of muscles and bones and neuromuscular functions [19–21]. Vitamin D triggers muscle
cells to receive the inorganic phosphate obtained from energy-rich phosphate compounds
(ATP and CrP) that play a key role in muscular contraction mechanisms, whereas specific
VDRs localized in the cell membrane enable the distribution and regulation of intracellular
calcium [22,23].

It is known that an increase in vitamin D levels in an athlete has positive effects on the
musculoskeletal system. As a result of increased vitamin D levels, ATP regeneration, protein
synthesis [18], and a positive acceleration in the development of physical performance
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aspects such as explosive muscle strength are observed, as well as a decrease in the risk
of stress fractures. On the other hand, in the case of vitamin D deficiency, muscular
atrophy linked with different sports branches, a decrease in muscular contraction rate,
chronic muscle pain, and prolonged post-training muscle recovery time are observed. In
consideration of the role of vitamin D in muscular contraction strength and stimulation
processes, it can also have a direct effect on functional conditions [18,24,25]. Recent studies
suggest that the 25 (OH) D level in athletes is above 40 ng/mL [26–28]. In another similar
study, it was found that high serum 25 (OH) D3 levels were directly related to speed,
power, vertical jump, and muscle strength [26,28,29]. In long-distance runners whose
vitamin D concentrations were found to be below 32 ng/mL, it was observed that the tumor
necrosis factor significantly increased following extensive training loads, and low levels
of vitamin D as well as anti-inflammatory and pro-inflammatory cytokines that ensure
recovery were found.

Vitamin D deficiency is caused by insufficient time and frequency of sunlight expo-
sure [30]. However, in studies conducted in various climates and regions, cases of vitamin
D deficiency were reported despite sufficient time and frequency of sunlight exposure. In
certain studies, it was stated that even athletes who trained outdoors had low vitamin D lev-
els [31], which could lead to over-training syndrome induced by overload, malnourishment,
and insufficient rest in the later stages of training [32].

VDR polymorphisms can affect the vitamin D demands of the body at varying levels.
Essentially, vitamin D can be acquired through dietary sources, but is predominantly
synthesized endogenously from the ultraviolet-B radiation of the sun, and it reinforces
muscle mass and strength levels by increasing the hormone levels in the body within the
framework of enzymatic processes [33]. In a study investigating the effects of vitamin
D intake on athletic performance under different seasonal and climatic conditions, the
performances of athletes during the summer and winter seasons were compared, and it was
stated that the physical efforts exhibited during the winter season were more efficient [34].
This situation explains the fact that vitamin D deficiency does not only occur through being
deprived of solar rays, but genetic and epigenetic interactions can play a key role in vitamin
D deficiency as well.

The present study aimed to examine the VDR rs2228570 polymorphism and its effects
on the performance of elite athletes.

2. Methods
2.1. Participants

This study involved 60 elite athletes (sprint/power: 11 females (35.5%) and 20 males
(64.5%); endurance: 10 females (34.5%) and 19 males (65.5%)) licensed in different clubs
and affiliated to the Turkish Athletics Federation. The number of the controls (non-athletes)
were 20 (female 6 (30.0%) and male 14 (70.0%)); they were healthy unrelated citizens of
Turkey without any competitive sports experience. All the athletes and controls were of
Caucasian ancestry. The individuals with any known and declared diseases were excluded
from this study. The athletes were categorized as either sprint/power or endurance ath-
letes, as determined by the distance, duration, and energy requirements of their events. All
athletes were ranked in the top 10 in their sport disciplined nationally. Those in the elite
group had participated in international competitions such as the Olympic Games, Euro-
pean Championships, Universiade, Mediterranean Games, and Balkan Championship. The
sprint/power group included sprint and power athletes whose events demand predomi-
nantly anaerobic energy production. The athletes in this group were 100–400 m runners,
jumpers, and throwers. The endurance athlete group included athletes competing in long-
distance events demanding predominantly aerobic energy production. This group included
3000 m, 5000 m, 10,000 m, and marathon runners. The athletes in this group (n = 31) were
100–400 m 123 runners (n = 9), jumpers (n = 3), and throwers (n = 19). The endurance
athlete group (n = 29) included athletes competing in long-distance events demanding
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predominantly aerobic energy production. This group included 3000 m (n = 12); 5000 m
(n = 5); 10,000 m (n = 4); and marathon (n = 8) runners.

2.2. Study Design

This study was carried out in accordance with the Declaration of Helsinki and ap-
proval was obtained from the Gazi University Non-Interventional Clinical Research Ethics
Committee with the decision dated April 05, 2021 and numbered 09. The informed volun-
tary consent and demographic information forms were applied for the athletes and control
groups before the measurements.

2.3. Personal Best (PB)

The International Association of Athletics Federations (IAAF; World Athletics) score
scale was used to determine the performance levels of the athletes depending on their
personal best/competitive performance [35]. For instance, the IAAF score scale of a male
athlete who runs 100 m in 10.05 sec is 1189, whereas that of a marathon runner who
completes the race in 2 h 20 min 11 sec is 997. Thus, the performance scale of the marathon
runner is less than that of the 100 m runner. The IAAF scales are useful for the determination
of performances of athletes from diverse athletics events and genders.

2.4. Whole Exome Sequencing

Total genomic DNA was isolated from the peripheral venous blood of the participants
(4cc) for further genetic screenings using a DNeasy Blood and Tissue Kit (Qiagen, Germany)
according to the supplier’s instructions. The quality of the isolated DNA was verified
using 1% agarose gel electrophoresis and NanoDrop (NanoDrop 1000 Spectrophotometer;
Thermo Scientific, USA) according to optical density ratios, and the concentration was
determined by NanoDrop.

Whole exome sequencing (WES) was performed after library preparation by Twist
Human Comprehensive Exome Panel (Twist Biosciences, USA) according to the instructions
of the supplier. Briefly, DNA was fragmented enzymatically, size selection was carried
out, and hybridization was applied using Twist Hybridization probes and Dynabeads™
MyOne™ Streptavidin T1 (Invitrogen, USA), and the library was enriched by polymerase
chain reaction (PCR). The concentration and size of the libraries were determined, and
sequences were performed using Illumina NextSeq500 according to the manufacturer’s
standard protocol.

Raw data were processed to by the genome analysis toolkit (GATK) [36]. The Haplo-
typeCaller program was used to obtain binary alignment map (BAM) files and subsequently
produce an output variant call format (VCF) file via the GRCh38/hg38 reference genome.
Variants were annotated by ANNOVAR [37] and each single nucleotide polymorphism
(SNPs) was analyzed manually. All molecular analyzes were performed in Gazi University
Medical Genetics Laboratory.

2.5. Statistical Analyses

The SPSS statistical package version 25.0 for Mac was used to perform all statistical
analyses. In the evaluation of the data, descriptive statistical methods (number, percentage,
and mean) were used. Before performing any analysis on the data, the study determined
whether they met the requirements for parametric tests. To that end, the variables were
tested for normality, whereas Kolmogorov–Smirnov and Shapiro–Wilk (p = 0.200; 0.785,
respectively) tests were used for homogeneity of variance. As result of these tests, para-
metric tests were performed for the variables distributed. Genotype and allele frequencies
were calculated for the polymorphism, and the Hardy–Weinberg equilibrium (HWE) was
assessed using the chi-squared (χ2) test. Allele and genotype frequencies and any associa-
tions between the polymorphism and the athletic parameters were assessed by SNPStats
(https://www.snpstats.net/start.htm, acceded on 11 October 2022) [38] using linear regres-
sion models, which were used to assess the score of variation in PB with linear regression

410



Healthcare 2023, 11, 681

multiple inheritance models: co-dominant, dominant, recessive, over-dominant, and addi-
tive. To confirm the results obtained using the linear regression models, we also analyzed
the data by means of the one-way analysis of covariance (ANCOVA), adjusting for sex and
sports experience. Data were significant when p < 0.05.

3. Results

The present study aims to decipher any possible association of the rs2228570 poly-
morphism with the competitive performances of a group of elite athletes (mean age ± SD:
25.1 ± 4.8; height (cm): 174.97 ± 7.9; body weight (kg) 72.5 ± 22.4; sports experience (year)
9.4 ± 4.8; personal-best (PB) = 1005.63 ± 94.55) in the presence of a control group (mean
age ± SD: 23.5 ± 7.1). Three groups (speed/throw/jump) and long-distance athletes and
controls have been chosen to assess this aim.

The genotype and allele frequencies were determined. According to the results, there
were not any statistically significant different between the CC, TC, and TT genotypes within
and between the groups (Table 1; p > 0.05). For allele frequencies, although the number of
T alleles (n = 112) was higher than the C allele (n = 48), it was not statistically significant
(p > 0.05; Table 1).

Table 1. Genotype and allele frequencies of VDR rs2228570 polymorphism in elite athletes and controls.

Genotype p-Value Allele p-Value

CC TC TT

0.717

C T

0.618
Sprint/Power 1(3.2%) 17(54.8%) 13(42.0%) 19(30.6%) 43(69.4%)

Endurance 1(3.4%) 13(44.8%) 15(51.7%) 15(25.9%) 43(74.1%)

Controls 2(10.0%) 10(50.0%) 8(40.0%) 14(29.6%) 26(70.4%)

Statistically significant differences (p < 0.05); T: thymine, C: cytosine.

Additionally, when we compare the genotype or allele distribution for both sex and
sports experience, no significant difference was detected (data not shown). Therefore, to
increase the power of the statistical results, we decided to pool the sample.

VDR rs2228570 polymorphism was also evaluated to determine whether it was asso-
ciated with personal bests (PBs) using different genetic models, codominant, dominant,
recessive, and over-dominant. Our results underlined that there was not any significance
for the association of rs2228570 polymorphism with PBs within the athlete group (p > 0.05;
Table 2).

Table 2. Association analysis of the VDR rs2228570 polymorphism with competitive performance.

Model Genotype n Mean Score (PB) Difference (95% CI) p-Value

Co-dominant

CC 28 1011 0.00

0.72TC 30 997 −18 (−65 to 28)

TT 2 1009 8 (−122 to 138)

Dominant
CC 28 1011 0.00

0.48TC-TT 32 997 −17 (−62 to 28)

Recessive
CC-TC 58 1003 0.00

0.79
TT 2 1009 17 (−110 to 145)

Over-dominant
CC-TT 30 1010 0.00

0.42
TC 30 997 −19(−64 to 27)

Statistically significant differences (p < 0.05); adjusted by sports experience + sex.

4. Discussion

A predisposition towards sports activities in humans is a large variable factor. Al-
though muscle mass and function were initially listed among the main reasons behind
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this variability, it has been stated within the framework of the scientific data reported in
recent years that elite athletic performance ability originates from genetics. In this context,
it is thought that high levels of effort can be achieved through the regulation of variables
such as the type of nutrition, as well as the severity and duration of training programs
planned in line with the properties of the related candidate genes in addition to the existing
genetic infrastructure of the individual. In recent years, genetic tests and applications that
reveal branch-specific athletic ability have been among the most frequently emphasized
concepts, particularly in the field of the sports industry. In tests carried out within this
scope, the presence of candidate genes that reveal capability is regarded as indicating the
capability of individuals, and outstanding candidate genes are taken into consideration,
particularly in elite athletes. Genetic differences allow certain individuals to reach their
goals in a very short period of time, whereas others can achieve high performance following
a very long period. Although there are various body types among humans, body type and
physiological characteristics depend on the distribution in the genetic structure, which
varies based on environmental and epigenetic factors. These differences determine the
outcome for elite athletes [39].

Similarly, the type and efficiency of nutrition are also affected by genetic factors. For
example, the microbiome is heavily affected by host genetics [40]. Polymorphisms in
various genes, including VDR rs2228570, can differentiate individual responses to training
loads by influencing muscle strength and resistance [41]. VDR can affect the vitamin D
needs of an individual. Within this framework, differences between individuals that result
from genetics, common environment, and epigenetic factors determine the functionality of
primary nutritional sources and supplements within the metabolism. Similarly, vitamin D
absorption levels originating from VDR gene polymorphisms differ among individuals.
Therefore, functional polymorphisms on the receptor play a very significant role in terms of
understanding the effects of vitamin D metabolites on athletic performance and a healthy
lifestyle [42].

Vitamin D is among the bioactive molecules required for bone mineral density, as well
as muscular contraction and regeneration. Additionally, it accelerates regeneration time
by reducing the level of inflammation that occurs after exhaustive training loads. Within
this framework, it was stated in previous studies that the daily level of vitamin D required
for athletes should be at high values such as approximately 32–40 ng/mL (20 ng/mL
for sedentary individuals). However, variables originating from individual differences
(climate; geography; genetic structure; type, severity, and duration of the training; etc.)
can affect levels of vitamin D use. Though sufficient levels of vitamin D intake allow for
the maintenance and development of athletic performance, the reduction of said vitamin
levels inhibits muscle relaxation required after training and increases muscle pain while
also triggering injury risk and stress fractures by causing muscle power loss and reducing
bone mineral density [21].

In the findings of a study comparing elite athletes who were found to have insufficient
vitamin D levels (n = 61) and the control group (n = 30) (eight weeks/daily vitamin D
intake of 5000 IU), it was found that 25(OH)D levels observed in serum improved exercise
performance (sprint, vertical jump) (Close et al., 2013), whereas another similar study
reported that serum 25(OH) D concentrations measured on dancers (n = 98) were low (73%)
due to vitamin D deficiency [43]. Additionally, in another study conducted on lab rats, it
was observed that vitamin D reduced injury risk in anaerobic training loads by increasing
the volume and number of type II muscle fibers, making positive contributions to maximal
sprint and power capabilities [44].

In another study conducted by Allison et al. [45] (n = 506), vitamin D levels and
structural coronary parameters were compared within the framework of the effects of
vitamin D on the cardiovascular system and it was found that the structural parameters
of the athletes below the 25(OH)D levels observed in serum were lower compared to the
others [45].
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VDR is among the first polymorphisms studied in the determination of the link to
athletic performance. In the studies carried out within this framework, it was observed that
the Fok1 polymorphism had a greater impact on bone mineral density along with exercise
and nutrition in individuals with the CC homozygous genotype [46], and increased the
risk of sarcopenia [9,47]. In addition to the impact of the related polymorphism on changes
in bone mineral density linked with endurance training, it was reported to be related to
environmental factors such as calcium intake [48,49]. Polymorphisms in different genes,
including VDR, can impact muscle strength and alter responses to training stimuli [33].

Certain previous studies reported that the rs2228570 polymorphism increased the
risk of stress fractures in athletes performing heavy exercise and that it is necessary to
analyze the said genetic variable to create healthy training programs [50]. In a similar
study conducted with young soldiers consisting of males and females (n = 385), 268 single
nucleotide polymorphisms (SNP), including the VDR gene and 17 gene regions, were
analyzed, and it was stated that the VDR gene is an important determinant in the onset
of stress fractures [51]. In the findings of another similar study conducted on military
personnel, it was found that patients with stress fractures were much more likely to possess
the rs2228570 polymorphism [52]. In a previous study investigating the impact of VDR
gene polymorphisms on the longitudinal changes in hormones related to bone mass, bones,
and calcium in adolescent football players (n = 46; 11.8–14.2 years old), it was stated that
the VDR gene polymorphism affected bone mass in adolescent football players (41.3% on
the CC genotype rate, 47.3% on the CT genotype rate, and 10.9% on the TT genotype rate)
and that its impact on bone mineralization likely occurred in early stages of puberty during
bone maturation [53]. As in chronic obstructive pulmonary disease (COPD) patients, it was
observed that individuals with systemic diseases had weaker quadriceps muscles in the
CC alleles compared to the CT and TT genotypes [54].

Similarly, the study conducted by Eken et al. [6] stated that CC genotypes and C alleles
were more dominant in elite athletes [6]. In contrast with the said study, in the present study,
although the frequency of the T allele (n = 48) was higher compared to the C allele among all
participants, no statistically significant intragroup and intergroup difference was observed
(Table 1; p > 0.05). By contrast, another study (n = 206 men and women; 50–81 years old)
reported that the Fok1 polymorphism had a greater effect on bone mineral density in
lengthy and low-intensity aerobic and strength training applications, although the said
interaction was unrelated to the development of aerobic resistance training levels [55].
Supporting the findings of the present study, in the study conducted by Morucci et al. [56]
on gymnasts (n = 80), it was stated that there was no relationship between VDR genotypes
and athletic performance in terms of genotype [56]. Similarly, in another study conducted
by Gavin et al. [57] on female athletes (n = 62), the relationship between VDR and muscle
strength was examined; however, no relation was found [57].

In the vertical jump performance tests carried out by Massidda et al. [58] on profes-
sional male football players (n = 90), the percentage of participants with the CC genotype
(46.3%) was found to be higher compared to the CT (38.8%) and TT (14.8%) genotypes [58].
Differently from the results of the present study, in another study similar to that of Micheli
et al. [59], the rate of young male football players (n = 125) with the CC genotype was
found as 52%, whereas this percentage was 34% for the CT genotype and 14% for the TT
genotype, stating that these genotype results can serve as important indicators in terms of
the predisposition towards football [59].

The fact that the rate of football players with the CC genotype was found to be higher
in both of the aforementioned studies compared to the competitive performance findings
in the present study can be interpreted as notable differences between sports disciplines
in terms of performance level, individual features, and the rate of use of energy sources.
Though both studies show similarities with the analyses performed in the present study,
this is not adequate to explain the reasons why the frequencies of the C or T alleles were
high or low. The present study found no significant intragroup or intergroup difference
(speed/throw/jump, long distance, and control) between the CC, TC, and TT genotypes.
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This was also the case in genotype or allele distributions within the framework of both
genders and sports experiences, and in the light of the findings obtained within this scope,
no correlation was found between the VDR rs2228570 polymorphism and the personal
bests (PBs) in the athlete groups (Table 2; p > 0.05). The fact that the number of studies and
data on the cellular effects of this polymorphism are insufficient may lead to the conclusion
that the T or C alleles provide a predisposition toward the status of elite athletes. However,
the impact of either allele on a molecular level is not clearly known, which will cause their
contribution or ineffectiveness toward individual performance to remain unclear.

With approximately three billion nucleotides in the human genome, the number of
nucleotide combinations that can affect gene activity is essentially infinite. Beyond the
aforementioned studies, many studies show that genes play an important role in the de-
termination of athletic performance. Considering the improvements achieved in the past
20 years, it can be foreseen that the genetic elements affecting athletic performance pheno-
types and training stimuli will become more comprehensible in the following years with
multigene and multifactorial approaches. On the other hand, based on the available data, it
is certain that the effects of the candidate genes involved in athletic performance develop-
ment as the desired phenotype are not very clear, and that further studies are needed.

Although the present study underlined the insignificance between the related poly-
morphism and athletic parameters, there were some limitations that could affect the results.
The single gene and polymorphism approach may alter the results of the associations in
particular pathways where more than one protein is involved. Thus, a cumulative evalua-
tion study for all genes and SNPs is under progress by our research group. In our study,
biochemical measurements such as the athletes’ vitamin D levels were not measured, and
it was not checked whether the athletes took vitamin D before the study. In future studies,
more comprehensive studies can be conducted by taking these factors into consideration.
Nevertheless, such approaches are planned as further studies. Furthermore, the number of
the participants was relatively lower, which could influence the results, but this criterion
was restricted to the number of elite athletes in the population.

5. Conclusions

The unclarity of the VDR Fok1 rs2228570 polymorphism on a molecular level, as well
as the limited number of studies on athletic performance in the literature, stand out as
limiting factors in the interpretation of the outcomes of the present study. Within this
framework, it is thought that the present study will contribute to the developments in the
field of sports sciences along with the limited number of other similar studies.

In conclusion, the genetic profile in the selected gene was similar in elite endurance,
sprint athletes, and in controls, suggesting that rs2228570 polymorphism does not de-
termine competitive performance in the analyzed athlete cohort. Additionally, it is fore-
seen that conducting similar studies in the future with athlete groups in different sports
branches will allow for the effects of the VDR gene on athletic performance to be identified
more clearly.
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Abstract: The aim of the present study was to investigate the effects of high-intensity interval training
(HIIT) exercises, with and without cognitive load, on the accuracy, critical flicker fusion threshold
(CFFT), and rating of perceived exertion (RPE) on recreational tennis players. A total of 32 players
of tennis at recreational level (25 men and 7 women) were enrolled in this cross-sectional the study.
Participants had to perform, randomly, two HIIT sessions. In one of them, cognitive load was induced
by conducting an incongruent Stroop during rests. After training accuracy of tennis serve, CFFT,
and RPE were measured. Results showed that accuracy after baseline and HIIT without cognitive
load were significantly higher than after HIIT with cognitive load. RPE significantly increased
(p-value < 0.001) after HIIT sessions in both, with and without cognitive load. However, significant
differences were not observed between the two sessions in the RPE (p-value = 0.405). Furthermore,
differences were not obtained in the CFFT neither within nor between sessions (p-value > 0.05).
Therefore, HIIT with and without cognitive load increased the RPE in recreational tennis players.
Furthermore, HIIT sessions with cognitive load significant altered tennis serve accuracy.

Keywords: high-intensity interval training; sport; mental load; Stroop

1. Introduction

Tennis is an intermittent sport which combines intermittent anaerobic exercise bouts
of varying intensities and a multitude of rest periods where players have to perform the
technical action with power and accuracy [1]. A previous study indicated that the match
result is highly influenced by the “breaks”, or broken services, as well as the percentages
of successes to errors, double faults, or errors in returns due to services with good speed
and accuracy [2]. Thus, previous studies have analyzed speed [3,4] or accuracy [5] during a
tennis serve. Furthermore, participation in recreational tennis may provide benefits in the
physical [6,7], psychological, and social spheres [7].

Intermittent exercise has shown to cause a decline in the performance of athletes [8].
The complex phenomenon of fatigue in racquet sports can involve impairments in neural
and contractile processes [9]. According to previous studies, this could manifest as mistimed
shots, altered on-court movements, and incorrect cognitive choices [10–13]. In the same
line, previous research in the field of tennis showed that fatigue has been shown to reduce
the accuracy of returns by 81% [14], groundstrokes by 69% [10], and service by 30% [10].
Therefore, a major goal of tennis training should be to avoid the onset of fatigue during
competition and training [1].
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The critical flicker fusion threshold (CFFT) has been used to study fatigue and cognitive
function in different sport events [15]. This technique is focused on the relationship of
arousal level with central nervous system (CNS) [16,17]. When CFFT increases, it suggests
an increase in cortical arousal and sensory sensitivity. Nevertheless, when this value
decreases, it could mean that the efficiency of the system to process information [18] is
reduced and, therefore, could be considered as a symptom of CNS fatigue [19,20].

A previous study [21] investigated the impact of high intensity interval training (HIIT)
and intermittent interval training (IIT) on the forehand and backhand shots. Results showed
that during the HIIT protocol, the number of errors was significantly higher (a total of 76.20
vs. 51.93 during HIIT and IIT, respectively). Furthermore, tennis performance depends
on the interaction between technical, tactical, physiologic, and psychologic skills that
often have to be sustained in hostile environmental conditions [9]. Thus, some stressors,
such as cognitive load, might be included into training situations in order to simulate
real conditions.

However, the impact of conducting HIIT with cognitive load on tennis serve accuracy
has not been previously study. This is relevant since, as noted above, tennis players are
often under hostile environmental conditions [9], which may cause cognitive load or anxiety.
Therefore, the aim of the present study was to investigate the effects of HIIT exercises, with
and without cognitive load, on tennis serve accuracy, CFFT, and rating of perceived exertion
(RPE) on recreational tennis players. In order to induce cognitive load, an incongruent
Stroop test was included during the HIIT rests. This test has been previously used to add
cognitive load during physical activities in healthy [22,23] and special populations [24].
The primary hypothesis was that the inclusion of cognitive load in the HIIT session would
produce a decrease in cortical arousal and accuracy as well as an increase in the RPE of
players. Results and protocols of the present study could be useful for physical trainers
and coaches to simulate real conditions (where players have to manage some cognitive
stimulus) as well as to design motivating training. Furthermore, results could provide an
idea of what happens to serve performance when cognitive load increases.

2. Materials and Methods

A total of 32 recreational tennis players (25 men and 7 women) were enrolled in
this cross-sectional the study. Participants had a mean age of 21.40 (1.52) and an average
experience in tennis practice of 0.84 years (0.80) with 3.26 (0.78) hours of weekly tennis
training. The participants weighed an average of 72.18 (11.95) kg, with a mean height of
1.75 (0.8) m and a body mass index mean of 23.48 (2.55). Among the participants, 30 were
right-handed and 2 were left-handed. All participants were enrolled in the Faculty of Sport
Sciences, Cáceres (Spain).

Procedures were approved by the university ethic committee (approval number:
CIPI/18/093), and participants gave written informed consent prior to participation in
the study.

2.1. Procedures and Materials

Participants conducted a standardized warm-up composed of 2 min of joint mobility,
5 min of light aerobic running (50−60% of their maximum heart rate calculated with
the Tanaka’s Formula “208–0.7 × age” [25] and controlled using the V800, Polar Electro,
Kempele, Finland), two series of 20 m of progressive running intensity [26], and five
services. Tennis players had to perform seven first services in three different situations:
(1) at baseline, (2) after a HIIT training session without cognitive load, and (3) after a HIIT
training session with cognitive load. Participants had to serve in the area highlighted in
Figure 1 at maximum power. This is an adaptation of a procedure followed by a previous
investigation [2].
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Figure 1. Graphical representation of the area where participants were required to perform the services.

We assessed if participants were able to serve in this area in either of the two attempts
they had. Players were informed about the protocol and service area before starting
the procedures.

Two researchers were needed for the data collection, one to provide the ball for the
services and another to record if the service impacted in the area. These researchers did not
participate in data analyses.

Participants were randomly divided into two groups. Whereas one group started the
HIIT session with cognitive load, the other group started the HIIT session without cognitive
load. Each of the HIIT sessions (with and without cognitive load) were performed with
48 h of rest between them.

HIIT training sessions consisted of the following:

(1) With cognitive load: Participants had to perform 12 repetitions of 30 s of push-ups,
squats, and lateral displacements. After these exercises, participants had to conduct
the incongruent Stroop in a validated mobile application (UMH-MEMTRAIN, Elche,
Spain) for 30 s. The incongruous condition of the Stroop test consisted of selecting the
name of a color, where the color word is printed in an incongruous color ink (i.e., the
green word is printed in blue ink). Thus, in this incongruous condition, participants
are asked to name the ink color instead of reading the word.

(2) Without cognitive load: 12 repetitions of 30 s of push-ups, squats, and lateral displace-
ments. After these exercises participants rested for 30 s.

2.2. Outcomes

The main outcomes of the present study were as follows: (1) The tennis serve accuracy
counting with yes/no if participants were able to conduct a tennis serve in the selected
area (see Figure 1). (2) The cortical arousal (CFTT) using a Lafayette Instrument Flicker
Fusion Control Unit (Model 12021) using the average of 5 incremental test (20 to 100 Hz) as
performed in a previous research [27]; and (3) the RPE, on a 6–20 scale [28].

2.3. Statistical Analysis

The Statistical Package for the Social Sciences (SPSS) version 25.0 (SPSS Inc., Chicago,
IL USA) was used to analyze the data. The Shapiro-Wilk test was conducted to examine
the normality of the data. Taking into account the results, non-parametric statistic tests
were conducted. The Friedman test was performed to explore the impact of HIIT sessions
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in the tennis serve accuracy. Moreover, Wilcoxon signed rank tests were performed to
explore differences between pre-post assessments in the different sessions as well as to
analyze pairwise comparisons in accuracy. In addition, the difference between post and pre
values of CFFT and RPE was calculated. This allowed exploration of the impact, through
Wilcoxon signed rank tests, of HIIT with cognitive load and HIIT without cognitive load
sessions in the CFFT and RPE. The [r] effect size was calculated for Wilcoxon signed rank
tests and classified as follows: ≥0.5 is a large effect, 0.5 to 0.1 is a medium effect, and ≤0.1
is considered as a small effect [29,30]. For the Friedman test, the partial η2 was calculated
and classified as follows: η2 = 0.01 indicates a small effect; η2 = 0.06 indicates a medium
effect; and η2 = 0.14 indicates a large effect [31]. The significance level was set at 0.05.

The G*Power software (version 3.1.9.7.) [32] was used to calculate the estimated power.
Due to the study design (one group with three measurements), repeated measures ANOVA,
within factor statistical test was selected in the G*Power software. This statistical test was
chosen because the Friedman test (non-parametric equivalence) was not available in the
G*Power software. The means of accuracy values (considered as the main outcome of the
study) for baseline, HIIT without cognitive load, and HIIT without cognitive load (see
Table 1) and the partial eta squared (effect size) were employed to calculate the statistical
power in the G*Power software. Regarding partial eta squared, G*Power automatically
transformed it into Cohen’s f effect size. A power equal to 1 (100%) was achieved. The
parameters included in the G*Power software were: a total sample size of 32, a Cohen´s
f(U) = 2.14 calculated from a 0.814 obtained in the partial eta squared effect size (with effect
size specification as in SPSS), an alpha p-value = 0.05, one group, three measurements, and
a non-sphericity correction of 1.

Table 1. Effects of HITT sessions, with and without cognitive load, in tennis serve accuracy.

Variable Baseline
HITT without

Cognitive Load
Mean (SD)

HITT with
Cognitive Load

Mean (SD)
Z p-Value Partial η2

Significant
Pairwise

Comparisons

Accuracy (%) 19.64 (16.53) 17.86 (13.58) 11.16 (10.73) 7.828 0.020 0.812 A > C
B > C

A: Baseline; B: HITT without cognitive load; C: HITT with cognitive load.

3. Results

Table 1 shows the impact of HIIT training with and without cognitive load in the
accuracy of the tennis serve. Friedman Test shows significant differences between the
three conditions in the tennis serve accuracy. Pairwise comparisons show that accuracy
was significantly higher at baseline than after HIIT with cognitive load (p-value = 0.034).
Moreover, accuracy after HIIT without cognitive load was significantly higher than after a
HIIT with cognitive load (p-value = 0.046).

Table 2 shows the impact of HIIT training (with and without cognitive load) on the
CFFT and the RPE. Results showed that RPE significantly increased (p-value < 0.001) after
HIIT sessions for both with and without cognitive load. However, significant differences
were not observed between the two sessions in the RPE (p-value = 0.405). Furthermore,
differences were not obtained in CFFT neither within nor between sessions (p-value > 0.05).
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Table 2. Impact of HITT sessions, with and without cognitive load, in the CFFT and RPE.

HITT without Cognitive Load
Mean (SD)

HITT with Cognitive Load
Mean (SD) Between Training Comparison

Variables Pre Post p-Value Pre Post p-Value Z p Effect
Size

CFFT
(Hz)

34.98
(2.87)

34.26
(3.25) 0.278 33.88

(3.30)
34.15
(3.26) 0.135 −0.701 0.483 0.124

RPE 8.38
(2.22)

14.53
(1.90) <0.001 9.06

(2.34)
14.44
(2.31) <0.001 −0.833 0.405 0.147

CFFT: cortical arousal; RPE: Rating of perceived exertion.

4. Discussion

This study aimed to investigate the impact of two HIIT sessions, with and without
cognitive load, on the tennis serve accuracy, CFFT and RPE on recreational tennis players.
Cognitive load was induced by using an incongruent Stroop test during the rests. The
primary hypothesis was that the inclusion of cognitive load in the HIIT session would
decrease the cortical arousal and the tennis serve accuracy as well as increase the RPE
of recreational tennis players. Main findings indicated that accuracy was significantly
impacted by HIIT with cognitive load protocol, and that HIIT training (with and without
cognitive load) significantly increased CFFT and the RPE.

Results showed that tennis serve accuracy was significantly affected by HIIT sessions,
specifically, after a HIIT session with cognitive load. In this regard, it was observed that
accuracy decreased from 19.64% in the baseline condition to 17.86% and 11.16% in the HIIT
without and with cognitive load, respectively. Furthermore, according to our results, RPE
significantly increased after HIIT protocols. Previous studies have reported that fatigue
could reduce tennis hitting accuracy of returns by 81% [14], groundstrokes by 69% [10], and
service by 30% [10]. Also, in our study it can be observed how accuracy significantly differs
between HIIT conditions, showing significantly lower values after HIIT with cognitive load
when compared to HIIT without cognitive load. This is consistent with previous studies,
which indicated that cognitive load significantly decreased performance [33,34]. This is
relevant since tennis performance depends on multiple variable, such as technical, tactical,
physiologic, and psychologic skills [9]. In addition, concentrating attention is one of the
most important psychological abilities for success in competitive tennis [35]. In relation
with that, Pačesová et al. [36] reported that tennis players had better performance on the
Stroop test, including in the incongruous condition, where information processing speed,
selective attention in the visual system, and inhibitory control are required [37].

Regarding CFFT, results did not show significant changes in cortical arousal after HIIT
sessions, with or without cognitive load. Previous studies in military population showed
a decrease in cortical arousal [38,39] which has been considered a symptom of fatigue in
CNS, reflected by the increase in CFFT values [40]. Furthermore, similar results have been
observed after other high intensity activities such as simulated combat or tactical parachute
jumps, or even activities with high cognitive requirement [40,41] such as chess [42,43].
A previous investigation hypothesized this could be due to the increase in sympathetic
nervous system activation produced in the HIIT that can induce a greater number of cortex
efferences to muscles [44].

The RPE showed that both HIIT protocols increased this perception. However, signif-
icant changes between the protocols were not observed. The results are similar to those
observed in HIIT protocols in military population [38]. Furthermore, previous studies
showed that motivation could counteract fatigue-induced performance decrements [45].
However, another study reported that verbal feedback (every 5 s during the 30 s of work)
increased intensity, performance, and physical enjoyment during on-court drills [46]. Thus,
the inclusion of cognitive elements into HIIT protocols, apart from mimicking real condi-
tions (where players have to manage some cognitive stimulus), can be used as a way to
increase motivation during training. In this regard, a previous study in elite youth padel
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players showed that high levels of motivation could increase players’ mental effort and
fatigue during padel training matches [47]. Moreover, HIIT protocols have been used in
tennis players in order to improve endurance. Previous research showed that after six
weeks of training, the HIIT induced greater improvements in tennis-specific endurance
(HIIT 28.9% vs. repeated-sprint ability 14.5%) [48]. In the same line, Kilit and Arslan [49]
showed that tennis-specific on-court drills training was more effective in improving agility
and technical ability with greater physical enjoyment, whereas HIIT may be more appro-
priate for speed-based conditioning in younger tennis players. Therefore, cognitive load
using incongruous Stroop test could complement on-court training.

This study has some limitations that should be acknowledged. First, the relatively
small sample size might cause only the largest differences to reach a level of significance.
Second, the sample was comprised of recreational tennis players. This fact means that
result extrapolation with elite tennis players or other populations should be made with
caution. Third, men and women recreational tennis players were included in the study.
However, comparison regarding gender has not been conducted, since only seven females
were included. Future studies could explore the differences between genders in the impact
of HIIT with cognitive load on accuracy, RPE, and cortisol arousal. Fourth, the accuracy
was registered as a binary variable (yes–accurate/no–not accurate). This was selected
due to the nature of tennis where if the ball does not land in the area, it is not considered
as valid. However, this binary nature does not allow calculation of the variability of the
service. Therefore, future studies should explore how cognitive load could influence the
variability in precision as previous studies have done with dart-throwing [50]. Despite these
limitations, this article has some strengths. For instance, this is the first study exploring the
impact of a HIIT session with cognitive load on the accuracy, RPE, and cortical arousal of
tennis players. The results will help researchers, coaches, and physical trainers to design
sessions that simulate real conditions (in order to improve accuracy in hostile conditions),
as well as motivate players. Therefore, future studies and interventions protocols should
include activities which combine physical and cognitive activities.

5. Conclusions

HIIT with and without cognitive load increased RPE in recreational tennis players.
Furthermore, HIIT sessions with cognitive load significantly altered tennis serve accuracy.
This is the first study that has examined CFFT after HIIT session with cognitive load in recre-
ational tennis players. The results will help researchers, coaches, and physical trainers to
design sessions that simulate real conditions, as well as motivate players. Therefore, future
studies and intervention protocols should include activities which combine physical and
cognitive activities. Future studies should confirm these results with elite tennis players.
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Abstract: Load management is an extremely important subject in fatigue control and adaptation
processes in almost all sports. In Olympic Weightlifting (OW), two of the load variables are intensity
and volume. However, it is not known if all exercises produce fatigue of the same magnitude. Thus,
this study aimed to compare the fatigue prompted by the Clean and Jerk and the Snatch and their
derivative exercises among male and female participants, respectively. We resorted to an experimental
quantitative design in which fatigue was induced in adult individuals with weightlifting experience
of at least two years through the execution of a set of 10 of the most used lifts and derivatives in
OW (Snatch, Snatch Pull, Muscle Snatch, Power Snatch, and Back Squat; Clean and Jerk, Power
Clean, Clean, High Hang Clean, and Hang Power Clean). Intensity and volume between exercises
were equalized (four sets of three repetitions), after which one Snatch Pull test was performed where
changes in velocity, range of motion, and mean power were assessed as fatigue measures. Nine
women and twelve men participated in the study (age, 29.67 ± 5.74 years and 28.17 ± 5.06 years,
respectively). The main results showed higher peak velocity values for the Snatch Pull test when
compared with Power Snatch (p = 0.008; ES = 0.638), Snatch (p < 0.001; ES = 0.998), Snatch Pull
(p < 0.001, ES = 0.906), and Back Squat (p < 0.001; ES = 0.906) while the differences between the Snatch
Pull test and the derivatives of Clean and Jerk were almost nonexistent. It is concluded that there
were differences in the induction of fatigue between most of the exercises analyzed and, therefore,
coaches and athletes could improve the planning of training sessions by accounting for the fatigue
induced by each lift.

Keywords: Clean and Jerk; load monitoring; Olympic exercises; Power Clean; power; Snatch; Squat;
weightlifting derivatives

1. Introduction

Olympic Weightlifting (OW) is a dynamic strength and power sport in which two
complex lifts/exercises are performed in competition: the Snatch and the Clean and Jerk
(C&J). During these lifts, weightlifters have achieved some of the highest peak power
outputs reported in the literature [1,2].

The Snatch requires a weighted barbell to be lifted from the floor (usually using a wide
grip) to an overhead position in one continuous movement [3]. The C&J is divided into
two main phases, in which the first requires the barbell to be raised from the floor (using a
shoulder-width grip) to the front of the shoulders in one continuous movement [4], and
the second phase consists of a jerk, in which the barbell is propelled from the shoulders to
arm’s length overhead by forces produced primarily by the hips and thighs [5].
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Considering that weightlifting is used in strength development in most sports, some
questions arise: how to train with weightlifting efficiently and how it reflect in the perfor-
mance of other sports that use weightlifting exercises and their derivatives (i.e., variations
that omit part of the full lift such as the Hang Clean, Hang Snatch, Power Clean, Power
Snatch, and High pull). The answer to these questions may require enhancing the testing
and training methods of weightlifting with a combination of the main exercises and their
derivatives [6]. Weightlifting exercises and their derivative exercises have become a popular
training modality to improve high strength and power expressions throughout the whole
force–velocity spectrum during movement, across a range of sports [7–13].

Monitoring, planning, and periodizing training loads are critical factors when it comes
to the athlete’s development and progression. There has been an attempt by researchers
to increasingly identify the variables of training and to control them. In fact, in the past,
even the successful Bulgarian methodology tried to reduce some variables by reducing the
variety of exercises used [14]. Therefore, there are still some factors that remain unknown.
In OW training, load variables such as volume (number of repetitions multiplied by the
number of sets) are often manipulated. On the other hand, intensity is expressed relative to
the maximal load (kilograms) obtained in the main exercises. Another variable that is also
commonly used is the total load, which is characterized by the number of sets multiplied by
the number of repetitions multiplied by the kilograms lifted, also known as tonnage [15].

The magnitude of force production and the capacity to perform a given amount of
work as rapidly as possible are often suggested as the primary underpinning qualities
of sports skills. Thus, developing strength, power, and speed capabilities is frequently
the primary aim of many athletic development programs [16]. Despite the variables that
define the load being described in terms of intensity by volume [17], there are several
parallel factors that may still be associated with this quantification, namely, the type and
exercise selection [18]. More recently, other algorithms for the grouping and selection of
exercises have been proposed, in some cases based on technical efficiency [19]. Factors such
as the number and type of muscle fibers involved, either because of the complexity of the
movement or because of the amount of force developed in a given unit of time, can vary in
each exercise [11], thus creating an unknown amount of additional fatigue. Nonetheless, in
strength training, the external load is related to the external resistance (load) lifted, but it
can also be related to the work completed or the velocity achieved during exercises [20].

Several researchers [21–23] have highlighted strong relationships between load and
movement velocity fatigue, with the assessment of strength qualities being load–velocity
specific. In fact, previous studies have confirmed that the speed of movement provides
a determinant of the level of effort during resistance training as well as a variable of the
degree of fatigue [24,25]. Therefore, it is particularly important to know the fatigue induced
by the different OW derivatives when programming the training load. It is essential to
know which exercises induce greater fatigue and its magnitude. High-power outputs and
the rate of force development expressed in weightlifting movements and derivatives [2],
in conjunction with the motor control and coordination demands on the trunk and lower
body muscles to stabilize and transmit forces [26], can effectively impact and compromise
various aspects of an athlete’s load–velocity profile [16].

This is a topic that has been scarcely addressed in the literature, which lacks results
that could improve coaching, both in terms of exercise selection and the distribution of
exercise along microcycles, mesocycles, and macrocycles. Several attempts have already
been made to try to organize the various exercises into the clusters approach [15]. However,
exercise-induced fatigue has never been investigated.

Thus, the aim of the present study was to compare the external load and fatigue
prompted by the Clean and Jerk, the Snatch, and their derivative exercises (Snatch, Snatch
Pull, Muscle Snatch, Power Snatch, and Back Squat; Clean and Jerk, Power Clean, Clean,
High Hang Clean, and Hang Power Clean) among male and female participants, re-
spectively. It was hypothesized that when volume and intensity are equated, there
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are differences in external load and fatigue induced by performing the different OW
derivative exercises.

2. Materials and Methods
2.1. Design

This was a cross-sectional study conducted over two separate days, set apart by a
minimum of three days and a maximum of five days. All procedures were recorded for
future consultation at the protocols.io website (accessed on 1 January 2020.), and the sample
represents more than 10% of the OW Portuguese population [27].

2.2. Participants

A priori power analysis using G*Power (Statistical Power Analyses software for
Windows—RRID: SCR_013726) was completed [28]. A sample size calculation was made
for the difference between two dependent means (paired sample t-test), an effect size of 0.8,
an alpha of ≤0.05, and a beta of 0.95. It was determined that at least 19 participants were
needed. Twenty-one Caucasian participants, twelve males and nine females, volunteered
to participate in the study.

The inclusion criteria were to be aged between 18 and 40 years; having more than
2 years of OW training; competing at the national level; and having between 61 and 96 kgs
of bodyweight for the male group and between 49 and 71 kgs for the female group. The
characteristics of the participants are presented in Table 1.

Table 1. Participants’ characteristics.

Age (Years) Height (cm) Weight (kg) BF (%) FFM (kg)

Female 29.7 ± 5.7 158.8 ± 6.7 60.8 ± 7.3 17.8 ± 7.6 48.9 ± 7.7

Male 28.1 ± 5.0 174.5 ± 6.0 79.5 ± 5.3 17.0 ± 5.1 65.9 ± 5.0

Total 28.8 ± 5.3 167.8 ± 10.1 71.5 ± 11.2 17.3 ± 6.2 58.6 ± 10.6
BF, body fat; FFM, fat-free mass.

Data collection took place at each participant’s usual training gym. Prior to their
participation, each participant was familiarized with all procedures. Moreover, they read
and signed a written informed consent form, in accordance with the university’s insti-
tutional review board, before data collection. This study was designed according to the
recommendations of the World Medical Association’s Declaration of Helsinki of 1975, as
revised in 2013, for human studies and approved by the Institutional Ethics Committee
(approval number: 07A-2021ESDRM).

2.3. Exercise Selection

The rationale for the exercise selection was based on three factors: its ability to en-
hance the force–velocity profile of athletes [12]; the ability of each derivative to serve
as a foundational exercise that enables the progression to more complex weightlifting
movements [11,12]; and the exercise frequency applied by OW coaches [29]. The selected
exercises were the Snatch and its derivative exercises (Muscle Snatch; Power Snatch; Snatch;
Snatch Pull; Back Squat) and the Clean and Jerk (C&J) and its derivative exercises (Power
Clean; C&J; Clean; High Hang Clean; Hang Power Clean).

2.4. External Load and Fatigue Assessment

Usually, the isometric mid-thigh pull test (IMTP) is a reliable and popular way to test
maximal strength in adult athletes. Administering a partial movement test is a safer and
more time-efficient method than traditional 1RM testing. The IMTP produces relatively
little fatigue and has a low potential for injury [30], but it proved to be less effective in
predicting the competitive performance of OW than other tests [31]. When considering the
concept of neuromuscular fatigue, it is important to note that isometric versus dynamic
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measurements do not provide the same results. Additionally, the bar’s range of motion
(ROM) also plays an important role in OW, and it seems to be an important factor when
assessing fatigue [32]. Therefore, we opted for the Snatch Pull test (SPT) as a reference
measure, which has been correlated with the personal record (PR) of the Snatch exercise
(r = 0.99) [33]. In all OW derivatives, the external load variables of mean velocity, peak
velocity, mean power, and ROM were measured using the Isoinertial Dynamometer Vitruve
(Vitruve encoder; Madrid, Spain) (previously, Speed4Lifts) [34]. Both mean and peak
velocities were considered based on the measurement of fatigue according to previous
references [24,25]. Moreover, this type of test can regularly be applied during weightlifting
training as a valid alternative to the personal record Snatch test to assess individualized
progression in weightlifting performance over time [33].

Since all these lifts have correlation intensity with each other, and Muscle Snatch is
referenced as 60 to 65% of the Snatch PR, an intensity load of 60% was chosen. Therefore,
setting it as the baseline intensity, the volume chosen (4 sets of 3 repetitions) was the amount
of load that is usually performed by lifters within the intensity already settled upon [29].

2.5. Procedures

On the first day of data collection, participants started early in the morning for
an anthropometric assessment, namely, height, weight, and body composition using
bioimpedance analysis.

2.5.1. Anthropometric and Body Composition Assessment

The anthropometric and body composition measurements were obtained with the
subjects dressed in light clothing without shoes following previous recommendations [35]
using a stadiometer with an incorporated scale (Seca 220, Hamburg, Germany) according to
standardized procedures [36]. The body composition data were obtained with bioelectrical
impedance analysis using Inbody S10 (model JMW140, Biospace Co, Ltd., Seoul, Korea),
according to the manufacturer’s guidelines [37,38]. Eight electrodes were placed on eight
tactile points (thumbs, middle fingers of both hands, and the ankles of both feet) to perform
a multi-segmental frequency analysis. The parameters collected were body fat mass (BFM)
and fat-free mass (FFM).

The measurements were carried out in the morning in a room with an ambient temper-
ature and relative humidity of 22–23 ◦C and 50–60%, respectively, after a minimum of 8 h
of fasting and after the bladder was emptied, following previous suggestions [35,39]. The
participants adopted a supine position with their arms and legs abducted at a 45◦ angle; the
skin was cleaned with ethyl alcohol and hydrophilic cotton at the eight electrode placement
sites. After a 10 min rest in a room without noise, eight electrodes were placed on the
cleaned surfaces, and the measurements were performed.

Before data collection, participants did not exercise or ingest caffeine or alcohol during
the 12 h prior to the assessment. In addition, participants removed all objects that could
interfere with the bioelectrical impedance assessment.

Female participants were only assessed if they were in the luteal phase of ovulatory
menstrual cycles. Otherwise, they waited until they were in the luteal phase. All the
assessments were performed by the same evaluator to minimize possible measurement
errors [40].

2.5.2. Test Protocol

After anthropometric and body composition assessments, an explanation of the proto-
col was provided. A 10 min warm-up, including mobility exercises, OW repetitions, and
jumps, was carried out before the beginning of each training session. To minimize the risk
of injury, there were always two assistants to monitor exercise execution.

Participants started their personal warm-up exercises/specific-for-training session: up
to 60% of the Snatch 1RM followed by two 50%, one 70%, and one 100% Snatch 1RM and
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SPT attempts separated by 1 min of recovery [41]. Before each SPT, verbal feedback cues
were given by coaches in a standardized form, namely, “Pull hard and fast”.

On the first test day, the Snatch and derivative exercises protocol took place. After
the warm-up, the baseline SPT evaluation occurred (Figure 1), making a 1RM Snatch of
personal record, after which, data were collected. Then, participants rested for 1 min,
followed by a Muscle Snatch protocol of 4 sets of 3 repetitions at 60% of the Snatch 1RM
(1 min rest between sets). After the protocol, participants then took a 1 min rest before the
post Muscle Snatch SPT evaluation (1RM).
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This was followed by a Power Snatch protocol of 4 sets of 3 repetitions at 60% of the
Snatch 1RM (1 min rest between sets). After the protocol, participants then took a 1 min rest
before the post Power Snatch SPT evaluation, followed by one repetition at 100% Snatch
1RM, after which, data were collected; participants would then rest 1 min.
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The same protocol was used for the Snatch, Snatch Pull, and Back Squat. On the
second test day, three days after the tests were performed on the Snatch derivatives, the
C&J and derivative exercises protocol was performed.

The same protocol used in the Snatch derivatives was used for all C&J derivatives in
the following order: Power Clean, C&J, Clean, High Hang Clean, and Hang Power Clean.
In this protocol, 60% of the C&J 1RM was used.

2.6. Statistical Analysis

All statistical analyses were performed using IBM SPSS for Windows (IBM Corp. Re-
leased 2020., Version 28.0. Armonk, NY, USA). The data are described as mean ± standard
deviation (SD), standard error of the mean (SEM), and mean difference (MD) with a 95%
confidence interval (CI). The Shapiro–Wilk test was used for testing normality. Differences
between exercises were examined using a paired samples t-test (velocity, range of motion,
and mean power within each exercise monitored using the isoinertial dynamometer). An a
priori level of significance was set at p < 0.05 and a percentage change with a 95% CI. The
effect size (ES) was calculated to determine the magnitude of the effects through Cohen’s d
(by the difference of two pairs of means, which are then divided by the standard deviation
from the data), and the following thresholds were applied: large d, > 0.8; moderate d,
between 0.8 and 0.5; small d, between 0.49 and 0.20; trivial d, < 0.2 [42].

3. Results
3.1. Snatch Derivative Protocols

Analyzing the mean power for the entire sample (n = 21), it was found that, after the
Muscle Snatch protocol, there were no significant differences while, post-Power Snatch,
-Snatch, -Snatch Pull, and -Back Squat showed a significant difference (Table 2). However,
when considering the gender group analyses separately, the female group (n = 9) reveals
no difference after the Muscle Snatch and Power Snatch protocols, whereas Snatch, Snatch
Pull, and Back Squat manifested a significant difference. The male group (n = 12) did not
reveal significant differences in mean power for any exercise.

Table 2. Baseline and post-values of the Snatch Pull test for the Snatch derivatives (♀♂= 21).

Parameter Weightlifting Derivative Mean ± SD SEM MD (95% CI) p (ES)

R
O

M
(c

m
)

SPT

Baseline

106.49 ± 7.49 1.64

Post

Pair 1 Muscle Snatch 107.33 ± 7.75 1.69 −0.85 (−2.65; 0.95) 0.338 (−0.214)

Pair 2 Power Snatch 105.15 ± 7.93 1.73 1.34 (−0.36; 3.04) 0.116 (0.358)

Pair 3 Snatch 104.19 ± 7.85 1.71 2.30 (0.87; 3.73) 0.003 * (0.731)

Pair 4 Snatch Pull 102.82 ± 8.63 1.88 3.67 (1.97; 5.36) <0.001 ** (0.986)

Pair 5 Back Squat 103.97 ± 9.41 2.05 2.52 (0.42; 4.62) 0.021 * (0.547)

M
ea

n
Po

w
er

(w
)

SPT

Baseline

706.55 ± 187.58 40.93

Post

Pair 1 Muscle Snatch 701.93 ± 189.80 41.42 4.61 (−18.41; 27.64) 0.680 (0.091)

Pair 2 Power Snatch 681.19 ± 181.14 39.53 25.36 (0.93; 49.79) 0.043 * (0.472)

Pair 3 Snatch 677.11 ± 183.49 40.04 29.44 (0.32; 58.55) 0.048 * (0.460)

Pair 4 Snatch Pull 664.41 ± 180.76 39.44 42.14 (15.84; 68.44) 0.003 * (0.729)

Pair 5 Back Squat 671.32 ± 190.58 41.59 35.22 (10.03; 60.42) 0.009 * (0.636)

431



Healthcare 2022, 10, 2499

Table 2. Cont.

Parameter Weightlifting Derivative Mean ± SD SEM MD (95% CI) p (ES)

Pe
ak

V
el

oc
it

y
(m

/s
)

SPT

Baseline

1.81 ± 0.17 0.04

Post

Pair 1 Muscle Snatch 1.78 ± 0.18 0.04 0.04 (−0.01; 0.09) 0.125 (0.350)

Pair 2 Power Snatch 1.76 ± 0.19 0.04 0.06 (0.02; 0.10) 0.008 * (0.638)

Pair 3 Snatch 1.73 ± 0.17 0.04 0.08 (0.05; 0.12) <0.001 ** (0.998)

Pair 4 Snatch Pull 1.72 ± 0.15 0.03 0.09 (0.05; 0.14) <0.001 ** (0.906)

Pair 5 Back Squat 1.73 ± 0.18 0.04 0.08 (0.04; 0.13) <0.001 ** (0.906)

M
ea

n
V

el
oc

it
y

(m
/s

)

SPT

Baseline

0.94 ± 0.13 0.03

Post

Pair 1 Muscle Snatch 0.93 ± 0.12 0.03 0.01 (−0.02; 0.04) 0.508 (0.147)

Pair 2 Power Snatch 0.91 ± 0.13 0.03 0.03 (0.00; 0.06) 0.050 (0.455)

Pair 3 Snatch 0.90 ± 0.13 0.03 0.04 (0.00; 0.07) 0.030 * (0.509)

Pair 4 Snatch Pull 0.92 ± 0.15 0.03 0.02 (−0.06; 0.10) 0.604 (0.115)

Pair 5 Back Squat 0.89 ± 0.13 0.03 0.05 (0.02; 0.08) 0.003 * (0.727)

SPT, Snatch Pull test; ROM, range of motion; *, p < 0.05; **, p < 0.001; SD, standard deviation; SEM, standard error
of the mean; MD, mean difference; CI, confidence intervals; ES, effect size.

Mean velocity evidenced a significant difference in the Snatch and Back Squat (Table 2)
for the total sample. When the gender groups were analyzed, the female group showed
differences after the Snatch, Snatch Pull, and Back Squat (Table 3). No differences were
found in the male group.

Table 3. Baseline and post-values of Snatch Pull test for the Snatch derivatives based on gender (♀= 9;
♂= 12).

Parameter Weightlifting
Derivative Mean ± SD SEM MD (95% CI) p (ES)

R
O

M
(c

m
)

Fe
m

al
e

SPT

Baseline

105.22 ± 8.25 2.75

Post

Pair 1 Muscle Snatch 105.16 ± 9.00 3.00 0.07 (−2.18; 2.32) 0.947 (0.023)

Pair 2 Power Snatch 104.58 ± 9.29 3.10 0.64 (−1.95; 3.23) 0.585 (0.189)

Pair 3 Snatch 102.04 ± 9.17 3.06 3.18 (1.17; 5.18) 0.006 * (1.218)

Pair 4 Snatch Pull 100.40 ± 10.44 3.48 4.82 (2.73; 6.91) 0.001 * (1.776)

Pair 5 Back Squat 100.03 ± 10.91 3.64 5.19 (2.48; 7.90) 0.002 * (1.474)

M
al

e

SPT

Baseline

107.43 ± 7.10 2.05

Post

Pair 1 Muscle Snatch 108.97 ± 6.59 1.90 −1.53 (−4.45; 1.38) 0.272 (−0.334)

Pair 2 Power Snatch 105.57 ± 7.16 2.10 1.87 (−0.71; 4.44) 0.139 (0.460)

Pair 3 Snatch 105.79 ± 6.66 1.92 1.64 (−0.55; 3.84) 0.128 (0.475)

Pair 4 Snatch Pull 104.63 ± 6.91 2.00 2.80 (0.11; 5.49) 0.042 * (0.663)

Pair 5 Back Squat 106.91 ± 7.23 2.09 0.52 (−2.28; 3.32) 0.692 (0.117)
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Table 3. Cont.

Parameter Weightlifting
Derivative Mean ± SD SEM MD (95% CI) p (ES)

M
ea

n
Po

w
er

(w
)

Fe
m

al
e

SPT

Baseline

557.79 ± 128.94 42.98

Post

Pair 1 Muscle Snatch 540.79 ± 113.25 37.75 17.00 (−0.81; 34.81) 0.059 (0.734)

Pair 2 Power Snatch 536.32 ± 121.34 40.45 21.47 (−4.20; 47.13) 0.090 (0.643)

Pair 3 Snatch 521.19 ± 113.48 37.83 36.60 (13.67; 59.53) 0.006 * (1.227)

Pair 4 Snatch Pull 518.99 ± 121.16 40.39 38.80 (19.07; 58.53 0.002 * (1.512)

Pair 5 Back Squat 518.82 ± 128.90 42.97 38.97 (21.13; 56.81) 0.001 * (1.679)

M
al

e

SPT

Baseline

818,12 ± 142.13 41.03

Post

Pair 1 Muscle Snatch 822.79 ± 137.79 39.78 −4.68 (−45.08; 35.73) 0.804 (−0.074)

Pair 2 Power Snatch 789.84 ± 137.47 39.68 28.28 (−13.89; 70.44) 0.168 (0.426)

Pair 3 Snatch 794.05 ± 130.53 37.68 24.07 (−28.01; 76.14) 0.331 (0.294)

Pair 4 Snatch Pull 773.47 ± 135.84 39.21 44.65 (−2.79; 92.08) 0.063 (0.598)

Pair 5 Back Squat 785.70 ± 143.73 41.49 32.42 (−13.22; 78.05) 0.146 (0.451)

Pe
ak

V
e-

lo
ci

ty
(m

/s
)

Fe
m

al
e

SPT

Baseline

1.88 ± 0.17 0.06

Post

Pair 1 Muscle Snatch 1.84 ± 0.15 0.05 0.04 (−0.01; 0.09) 0.102 (0.615)

Pair 2 Power Snatch 1.86 ± 0.16 0.05 0.02 (−0.04; 0.08) 0.422 (0.282)

Pair 3 Snatch 1.78 ± 0.15 0.05 0.10 (0.05; 0.16) 0.002 * (1.469)

Pair 4 Snatch Pull 1.76 ± 0.17 0.06 0.12 (0.05; 0.20) 0.005 * (1.258)

Pair 5 Back Squat 1.74 ± 0.21 0.07 0.14 (0.09; 0.20) <0.001 * (2.058)

M
al

e

SPT

Baseline

1.76 ± 0.16 0.05

Post

Pair 1 Muscle Snatch 1.73 ± 0.19 0.05 0.04 (−0.05; 0.12) 0.378 (0.265)

Pair 2 Power Snatch 1.68 ± 0.18 0.05 0.09 (0.03; 0.14) 0.009 * (0.910)

Pair 3 Snatch 1.69 ± 0.17 0.05 0.07 (0.01; 0.13) 0.025 * (0.745)

Pair 4 Snatch Pull 1.69 ± 0.14 0.04 0.07 (0.00; 0.14) 0.039 * (0.675)

Pair 5 Back Squat 1.73 ± 0.17 0.05 0.04 (−0.01; 0.09) 0.134 (0.467)

M
ea

n
V

el
oc

it
y

(m
/s

)

Fe
m

al
e

SPT

Baseline

0.99 ± 0.14 0.05

Post

Pair 1 Muscle Snatch 0.97 ± 0.13 0.04 0.03 (−0.00; 0.06) 0.063 (0.719)

Pair 2 Power Snatch 0.97 ± 0.14 0.05 0.02 (−0.01; 0.06) 0.144 (0.540)

Pair 3 Snatch 0.93 ± 0.14 0.05 0.06 (0.02; 0.10) 0.006 * (1.228)

Pair 4 Snatch Pull 0.92 ± 0.11 0.04 0.07 (0.03; 0.11) 0.003 * (1.372)

Pair 5 Back Squat 0.92 ± 0.14 0.05 0.07 (0.04; 0.10) 0.001 * (1.660)

M
al

e

SPT

Baseline

0.89 ± 0.12 0.03

Post

Pair 1 Muscle Snatch 0.90 ± 0.10 0.03 −0.01 (−0.05; 0.04) 0.806 (−0.073)

Pair 2 Power Snatch 0.86 ± 0.11 0.03 0.03 (−0.02; 0.08) 0.174 (0.419)

Pair 3 Snatch 0.87 ± 0.12 0.03 0.02 (−0.04; 0.08) 0.412 (0.246)

Pair 4 Snatch Pull 0.91 ± 0.18 0.05 −0.02 (−0.17; 0.13) 0.800 (−0.075)

Pair 5 Back Squat 0.86 ± 0.13 0.04 0.03 (−0.02; 0.09) 0.174 (0.420)

SPT, Snatch Pull test; ROM, range of motion; *, p < 0.05; SD, standard deviation; SEM, standard error of the mean;
MD, mean difference; CI, confidence intervals; ES, effect size.
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Peak velocity did not show a significant difference in the Muscle Snatch, while the
remaining derivatives showed significant differences (Table 2). The female group did
not report differences after the Muscle Snatch and Power Snatch protocols (Table 3). No
differences were found for the male group in the Muscle Snatch and Back Squat.

For the total sample, only the Muscle Snatch protocol revealed differences in the range
of motion (Table 2). In the gender analysis (Table 3), the female group revealed that, after
the Muscle Snatch protocol, the Snatch, Snatch Pull, and Back Squat exercises presented a
significant difference, while in the male group, only the Snatch Pull showed differences.

In the assessment of the Snatch variables, it was verified that the ROM and post-
Snatch Pull protocol, as well as the peak velocity, post-Snatch, -Snatch Pull, and -Back
Squat, showed differences when the total sample was analyzed.

3.2. Clean and Jerk Derivative Protocols

Differences in the C&J mean power and mean velocity were only found when consid-
ering the whole sample (Table 4) and when considering the male group (Table 5).

Table 4. Baseline and post-values of Snatch Pull test for the Clean and Jerk derivatives (♀♂= 21).

Parameter Weightlifting
Derivative Mean ± SD SEM MD (95% CI) p (ES)

R
O

M
(c

m
)

SPT

Baseline

106.01 ± 8.00 1.75

Post

Pair 1 Power Clean 105.77 ± 7.91 1.73 0.24 (−0.91; 1.39) 0.671 (0.094)

Pair 2 Clean and Jerk 103.91 ± 8.88 1.94 2.10 (0.46; 3.73) 0.015 * (0.582)

Pair 3 Clean 104.67 ± 8.77 1.91 1.34 (−0.27; 2.96) 0.098 (0.378)

Pair 4 High Hang Clean 105.03 ± 8.98 1.96 0.98 (−0.43; 2.38) 0.164 (0.316)

Pair 5 Hang Power Clean 104.92 ± 8.41 1.83 1.09 (−0.81; 2.99) 0.245 (0.261)

M
ea

n
Po

w
er

(w
) SPT

Baseline

699.81 ± 176.31 38.47

Post

Pair 1 Power Clean 700.49 ± 183.15 39.97 −0.68 (−16.10; 14.74) 0.928 (−0.020)

Pair 2 Clean and Jerk 675.26 ± 170.43 37.19 24.55 (1.65; 47.44) 0.037 * (0.488)

Pair 3 Clean 679.59 ± 180.17 39.32 20.22 (−5.70; 46.14) 0.119 (0.355)

Pair 4 High Hang Clean 690.40 ± 178.72 39.00 9.41 (−16.66; 35.48) 0.460 (0.164)

Pair 5 Hang Power Clean 687.63 ± 176.81 38.58 12.18 (−13.46; 37.82) 0.334 (0.216)

Pe
ak

V
el

oc
it

y
(m

/s
) SPT

Baseline

1.75 ± 0.16 0.03

Post

Pair 1 Power Clean 1.75 ± 0.17 0.04 −0.01 (−0.05; 0.04) 0.809 (−0.054)

Pair 2 Clean and Jerk 1.74 ± 0.18 0.04 0.01 (−0.02; 0.04) 0.456 (0.166)

Pair 3 Clean 1.74 ± 0.18 0.04 0.01 (−0.03; 0.04) 0.712 (0.082)

Pair 4 High Hang Clean 1.74 ± 0.16 0.03 0.01 (−0.02; 0.04) 0.511 (0.146)

Pair 5 Hang Power Clean 1.75 ± 0.15 0.03 0.00 (−0.03; 0.04) 0.819 (0.051)
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Table 4. Cont.

Parameter Weightlifting
Derivative Mean ± SD SEM MD (95% CI) p (ES)

M
ea

n
V

el
oc

it
y

(m
/s

) SPT

Baseline

0.93 ± 0.11 0.02

Post

Pair 1 Power Clean 0.93 ± 0.11 0.02 0.00 (−0.02; 0.02) 0.846 (0.043)

Pair 2 Clean and Jerk 0.90 ± 0.12 0.03 0.03 (0.00; 0.06) 0.050 (0.478)

Pair 3 Clean 0.90 ± 0.11 0.02 0.03 (−0.00; 0.06) 0.071 (0.415)

Pair 4 High Hang Clean 0.91 ± 0.11 0.03 0.01 (−0.02; 0.04) 0.358 (0.205)

Pair 5 Hang Power Clean 0.91 ± 0.11 0.02 0.02 (−0.01; 0.05) 0.227 (0.272)

SPT, Snatch Pull test; ROM, range of motion; *, p < 0.05; SD, standard deviation; SEM, standard error of the mean;
MD, mean difference; CI, confidence intervals; ES, effect size.

Table 5. Baseline and post-values of Snatch Pull test for the Clean and Jerk derivatives (♀= 9; ♂= 12).

Parameter Weightlifting
Derivative Mean ± SD SEM MD (95% CI) p (ES)

R
O

M
(c

m
)

Fe
m

al
e

SPT

Baseline

102.14 ± 6.68 2.23

Post

Pair 1 Power Clean 102.77 ± 7.98 2.66 −0.62 (−2.78; 1.54) 0.525 (−0.222)

Pair 2 Clean and Jerk 101.93 ± 8.16 2.72 0.21 (−2.16; 2.58) 0.843 (0.068)

Pair 3 Clean 102.18 ± 8.70 2.90 −0.03 (−3.03; 2.96) 0.980 (−0.009)

Pair 4 High Hang Clean 102.03 ± 8.87 2.96 0.11 (−2.42; 2.64) 0.922 (0.034)

Pair 5 Hang Power Clean 101.47 ± 7.26 2.42 0.68 (−1.42; 2.77) 0.477 (0.248)

M
al

e

SPT

Baseline

108.91 ± 7.91 2.28

Post

Pair 1 Power Clean 108.03 ± 7.38 2.13 0.88 (−0.51; 2.28) 0.192 (0.401)

Pair 2 Clean and Jerk 105.40 ± 9.44 2.73 3.51 (1.35; 5.67) 0.004 * (1.033)

Pair 3 Clean 106.53 ± 8.72 2.52 2.38 (0.46; 4.29) 0.020 * (0.786)

Pair 4 High Hang Clean 107.28 ± 8.74 2.52 1.63 (−0.22; 3.47) 0.079 (0.559)

Pair 5 Hang Power Clean 107.51 ± 8.55 2.47 1.40 (−1.84; 4.64) 0.362 (0.275)

M
ea

n
Po

w
er

(w
)

Fe
m

al
e

SPT

Baseline

536.97 ± 100.78 33.59

Post

Pair 1 Power Clean 539.52 ± 125.88 41.96 −2.56 (−27.66; 22.55) 0.820 (−0.078)

Pair 2 Clean and Jerk 539.18 ± 132.05 44.02 −2.21 (−33.10; 28.63) 0.873 (−0.055)

Pair 3 Clean 533.22 ± 130.91 43.64 3.74 (−26.22; 33.70) 0.781 (0.096)

Pair 4 High Hang Clean 542.37 ± 125.61 41.87 −5.40 (−27.63; 16.83) 0.591 (−0.187)

Pair 5 Hang Power Clean 528.48 ± 120.75 40.30 8.49 (−15.44; 32.41) 0.437 (0.273)

M
al

e

SPT

Baseline

821.94 ± 105.66 30.50

Post

Pair 1 Power Clean 821.21 ± 111.21 32.10 0.73 (−22.23; 23.69) 0.945 (0.020)

Pair 2 Clean and Jerk 777.33 ± 116.69 33.68 44.62 (13.47; 75.76) 0.009 * (0.910)

Pair 3 Clean 789.37 ± 126.03 36.38 32.58 (−9.58; 74.73) 0.117 (0.491)

Pair 4 High Hang Clean 801.42 ± 123.38 35.62 20.53(−24.59; 65.64) 0.338 (0.289)

Pair 5 Hang Power Clean 806.99 ± 99.85 28.82 14.95 (−30.17; 60.07) 0.481 (0.211)
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Table 5. Cont.

Parameter Weightlifting
Derivative Mean ± SD SEM MD (95% CI) p (ES)

Pe
ak

V
el

oc
it

y
(m

/s
)

Fe
m

al
e

SPT

Baseline

1.80 ± 0.13 0.04

Post

Pair 1 Power Clean 1.80 ± 0.15 0.05 −0.01 (−0.10; 0.05) 0.795 (−0.090)

Pair 2 Clean and Jerk 1.82 ± 0.12 0.04 −0.02 (−0.06; 0.02) 0.231 (−0.081)

Pair 3 Clean 1.81 ± 0.15 0.05 −0.01 (−0.07; 0.05) 0.725 (−0.121)

Pair 4 High Hang Clean 1.79 ± 0.15 0.05 0.01 (−0.06; 0.07) 0.849 (0.066)

Pair 5 Hang Power Clean 1.77 ± 0.16 0.05 0.03 (−0.04; 0.10) 0.377 (0.312)

M
al

e

SPT

Baseline

1.72 ± 0.17 0.05

Post

Pair 1 Power Clean 1.72 ± 0.18 0.05 −0.00 (−0.08; 0.07) 0.903 (−0.036)

Pair 2 Clean and Jerk 1.68 ± 0.20 0.06 0.04 (−0.01; 0.08) 0.089 (0.539)

Pair 3 Clean 1.70 ± 0.19 0.05 0.02 (−0.03; 0.07) 0.437 (0.233)

Pair 4 High Hang Clean 1.70 ± 0.16 0.05 0.01 (−0.03; 0.05) 0.459 (0.222)

Pair 5 Hang Power Clean 1.73 ± 0.15 0.04 −0.02 (−0.06; 0.03) 0.492 (−0.205)

M
ea

n
V

el
oc

it
y

(m
/s

)

Fe
m

al
e

SPT

Baseline

0.96 ± 0.12 0.04

Post

Pair 1 Power Clean 0.96 ± 0.12 0.04 0.00 (−0.04; 0.04) 0.901 (0.043)

Pair 2 Clean and Jerk 0.96 ± 0.12 0.04 0.01 (−0.04; 0.06) 0.773 (0.099)

Pair 3 Clean 0.95 ± 0.11 0.04 0.02 (−0.04; 0.07) 0.493 (0.239)

Pair 4 High Hang Clean 0.96 ± 0.11 0.04 −0.00 (−0.04; 0.04) 0.947 (−0.023)

Pair 5 Hang Power Clean 0.94 ± 0.11 0.04 0.02 (−0.03; 0.07) 0.322 (0.352)

M
al

e

SPT

Baseline

0.90 ± 0.10 0.03

Post

Pair 1 Power Clean 0.90 ± 0.10 0.03 0.00 (−0.02; 0.03) 0.890 (0.041)

Pair 2 Clean and Jerk 0.86 ± 0.10 0.03 0.05 (0.01; 0.08) 0.011 * (0.876)

Pair 3 Clean 0.86 ± 0.10 0.03 0.04 (−0.01; 0.08) 0.091 (0.535)

Pair 4 High Hang Clean 0.88 ± 0.11 0.03 0.02 (−0.02; 0.07) 0.282 (0.326)

Pair 5 Hang Power Clean 0.89 ± 0.11 0.03 0.01 (−0.03; 0.06) 0.489 (0.207)

SPT, Snatch Pull test; ROM, range of motion; *, p < 0.05; SD, standard deviation; SEM, standard error of the mean;
MD, mean difference; CI, confidence intervals; ES, effect size.

Regarding peak velocity, no differences were found in any of the exercises or in either
group. For the total sample, ROM only showed a significant difference in the C&J (Table 4).
In the group analysis, only the male group showed differences in the C&J and Clean
(Table 5).

4. Discussion

The aim of the present study was to compare the external load and fatigue prompted
by the Clean and Jerk, the Snatch, and their derivative exercises (Snatch, Snatch Pull, Muscle
Snatch, Power Snatch, and Back Squat; Clean and Jerk, Power Clean, Clean, High Hang
Clean, and Hang Power Clean) among male and female participants, respectively. The
majority of these exercises are used in OW, as well as in general strength and conditioning
training programs for various sports [9,43–46]. It was hypothesized that when volume and
intensity are equated there are differences between external load and fatigue induced by
different OW exercises.

The main results showed that, for the total sample, significant differences were found
in the Snatch Pull, Snatch, and Back Squat ROM and on the C&J ROM. Regarding the mean
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power, significant differences were found in the Power Snatch, Snatch, Snatch Pull, Back
Squat, and C&J. Regarding peak velocity, significant differences were found in the Power
Snatch, Snatch, Snatch Pull, and Back Squat. Regarding the mean velocity, significant
differences were found in the Snatch Pull and Back Squat.

When genders were analyzed separately, the female group showed significant differ-
ences in the Snatch ROM, Snatch Pull, and Back Squat, while in the male group, differences
were found in the ROMs of the Snatch Pull, C&J, and Clean. Regarding mean power, the
female group presented significant differences in the Snatch, Snatch Pull, and Back Squat,
while the male group showed significant differences in mean power in the C&J. The female
group also revealed significant peak velocity differences in the Snatch, Snatch Pull, and
Back Squat, while the male group revealed significant differences in the Power Snatch,
Snatch, and Snatch pull. In addition, the female group showed significant differences
in mean velocity in the Snatch, Snatch Pull, and Back Squat, while the male group only
showed significant differences in the C&J. The fact that women can perform a greater
number of intermittent contractions than men, even when the two groups are matched for
strength, has been reported before [47], and the same effect may occur in OW training.

Considering the whole sample, almost all variables presented significant differences,
as well as moderate-to-large effect size values. Peak velocity seems to present the most
significant differences in both groups; however, in the female group, Snatch derivatives
seem to show significant differences in every variable studied. This effect might be related
to better technique proficiency and consistency in female lifters. On the other hand, the
male group only showed significant differences in peak velocity. The fatigue induced by
each exercise may be related to the individualized load–velocity relationship and to the
specific characteristics of the participant [48,49]. Some studies [49,50] have reported that
intersubject variability seems to be reduced when the loads are prescribed based on the
individual load–velocity relationship. However, some coaches prefer to prescribe the loads
to match a specific number of repetitions rather than using a prescription method based on
bar velocity. Still, there is high intersubject variability between the number of repetitions
performed and neuromuscular fatigue [51].

Some authors [11,12,17,21,23,33,49] have described a theoretical relationship between
force and velocity with special consideration for weightlifting derivatives. The high-
force end of the force–velocity curve features weightlifting derivatives that develop the
largest forces due to the loads that can be used. As Suchomel et al. [52] point out, the
proper implementation and progression of resistance training exercises throughout training
facilitate the development of an athlete’s force–velocity profile [52,53], which has been
cited as an important aspect of athletic performance [54,55]. Specifically, the biomechanical
and physiological characteristics of each weightlifting derivative may indicate that certain
derivatives should be prescribed during certain training phases to meet the training goals of
each phase. Thus, information that may assist practitioners when it comes to programming
exercises to optimally develop these characteristics would be beneficial. In the present
study, the only exercise that did not show any difference in any variable was the Muscle
Snatch, and this exercise was the one with the highest ROM.

A higher barbell ROM has a direct relationship with the subject’s height [11,12,56,57],
meaning that if the lifter is taller, the barbell needs to have a higher displacement than if the
lifter is shorter. OW is a competitive sport that requires athletes to lift a maximal amount of
weight in the Snatch and C&J. OW’s main distinction in sports training is velocity, meaning
that other sports mostly involve training to develop more speed, maintaining the load of
the athlete (bodyweight in most cases). However, OW aims to maintain the ideal velocity
for each exercise according to its height. Therefore, it is also correlated with the lifter’s
height [56], and manipulating barbell weight could also indicate that OW lifters are more
resistant to velocity loss than other kinds of athletes.

Recent research has also reported that different individual physical characteristics lead
to different fatigue levels and recovery [57], and this could have led to greater variability in
the study results. More than half of the participants showed increases in most variables
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instead of an expected decrease induced by fatigue. The post-activation potential effect
might be involved in these findings, as this effect is a possible result of muscle contractions,
and, utilized during subsequent explosive activity, it could potentially enhance power and,
therefore, performance. However, while a previous effort might also induce fatigue, it
is the balance between the post-activation potentiation effect and fatigue onset that will
determine the effect of a previous effort on performance in an explosive movement. This
relationship is affected by several variables, including volume and intensity and subject
characteristics, as well as others [47,58]. Thus, it can also be inferred that some athletes
probably did not quite induce this effect during their warm-ups. The fact that the warm-up
was not standardized can be considered a limitation herein. In future studies, the warm-up
should be controlled and also equalized among subjects since it may affect performance in
explosive movements [59].

Additionally, we can speculate that some types of exercises may contribute more to the
better potentiation of muscle contractions due to the lifted load, the force–velocity curve,
and the different levels of induced fatigue [47,57,58,60–62]. The neuromuscular adaptations
induced by weightlifting training strongly depend on the manipulation of strength training
variables, such as the exercise type and sequence, load magnitude, volume, interset and
intraset rest periods, and lifting velocity [63,64]. A common concern for coaches is deciding
how much weight their athletes should lift in a particular exercise, as resistance-training-
induced adaptations are highly dependent on the intensity used [65].

In addition to the manipulation of variables intrasession, coaches program exercises
within periodized programs to vary the intensity of the training stimuli. Regarding squat
movements, the exercise stimulus may be varied based on the depth and variation of the
squat [66], as well as the load that is prescribed. As a result, the force–velocity characteristics
of the training stimulus will be modified, but the athlete’s force–velocity profile may be fully
developed. There was a report that certain weightlifting derivatives emphasize force or
velocity more than others [12]. Thus, it seems that a sequential progression and combination
of weightlifting derivatives can be beneficial to athletes when it comes to increasing force
and power development rates. Moreover, techniques refined during earlier training phases
may facilitate increases in the load used for each exercise.

Sports such as OW, along with its derivatives, require a single high-force or high-
velocity effort. These movements typically involve a burst of concentric muscular activity
in the agonist muscles, followed by a phase of relaxation, which, during the motion,
continues due to stored momentum. This type of movement is also known as ballistic
movement/action [67]. In voluntary muscle contractions, the total force output of a muscle
depends primarily on the number of motor units and the firing frequency of those motor
units, in which a higher force output will result in more motor units firing frequency [67].
In fact, motor unit recruitment is known to be a critical factor in maximal or ballistic
contractions, as well as inducing fatigue. This principle—known to be the recruitment
threshold of a motor neuron—can be directly related to the size of its axon. In other
words, the larger the axon, the greater the amount of stimulation required [68]. In fact,
there is some evidence of the selective activation of large motor units if the motor task
readily demands those motor units [69]. Moreover, ballistic exercises elicit several acute
and chronic neurological changes. The standard recruitment of motor units, according to
the size principle, stays consistent at submaximal exercise intensities but appears to be
violated in ballistic movements. It seems that the motor task, more than any other variable,
determines the sequence of activation [67].

All OW exercises and their derivatives have relatively high motor recruitment. How-
ever, more complex exercises empirically require more units. Therefore, they are supposed
to use more energy, leading to greater fatigue. The fact that some exercises did not show
fatigue in the current study may be associated with the fact that the volume or intensity
fatigue threshold was not met. Recording the bar velocity at which submaximal loads
are lifted is a potential method of quantifying the load as a function of the fatigue it
causes [24,70]. Researchers have reported the general relationship between lifting velocity
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and the %1RM in different exercises. Nowadays, it seems to be the consensus that the
individualized load–velocity relationship allows for a better assessment of athlete fatigue,
mainly because the %1RM–velocity relationship is subject-specific [51,71]. Unfortunately,
little information exists regarding the possibility of predicting the number of repetitions
from the recording of lifting velocity when powerlifting training (i.e., OW-derivative exer-
cise) is used by strength and power athletes up until the final days prior to a competition.
Therefore, understanding how different derivatives influence peak power performance is
critical [31]. Recent evidence suggests that many coaches and support staff are taking an
increasingly scientific approach to load monitoring [12,13,23,46,50,72].

Some limitations of the present study may be considered. The randomization of the
sample could only be accomplished to a certain extent since the population to be studied is
small in number by itself, and the inclusion criteria further narrow this choice. Therefore,
the small sample could also be pointed to as a relative limitation because both males and
females were analyzed as a group, and the samples were even smaller when the genders are
separated. The fact that we compared parameters in women and men as one homogeneous
group could be considered questionable and should be considered a study limitation.
However, this methodological decision stems from a practical issue, in that trainers test
both men and women together [6]. Moreover, specific warm-ups were not standardized,
mainly because lifters have their own warm-up routines, which we choose not to interfere
in. However, this may constitute another unaccountable variable that could have influenced
the first and second SPT.

Future research should take the previous information into account and try to measure
1RM, for example, by determining the catch height of each lifter and then setting 1RM
using their respective SPT height achievements.

Nonetheless, the main practical outcome of this study was adding the various relative
fatigue values to the overall load, whether in form of a percentage or a fraction. For example,
considering peak velocity in the female group, Snatch had a 71% (0.10 m/s) difference in
relative fatigue, and the Back Squat had the maximum relative fatigue difference (0.14 m/s),
meaning that, when we multiply for the same load, let us say (100 kgs) × (0.71), Snatch = 71
in terms of the relative fatigue, while for (100 kgs) × (0.100), the Back Squat = 100 in terms
of the relative fatigue, meaning that, for the same load (volume × Intensity), the Back Squat
will fatigue the athlete 30% more than the Snatch.

5. Conclusions

This intervention confirmed the study hypothesis: when volume and intensity are
equated, there are differences between fatigue induced by various OW exercises.

In Snatch derivatives, peak velocity was a good variable to quantify fatigue in both
genders, while in all other variables, it was only sensible in females. In addition, females
seem more sensitive to fatigue in Snatch derivatives. Snatch derivatives are well known for
their velocity-developing capability; therefore, fatigue may be explained more effectively
using a test that mimics the movement itself, such as the SPT.

In C&J derivatives, females did not present statistically significant results; therefore,
they showed that more volume and or intensity are needed to induce measurable fatigue.
Regarding the male group, ROM seems to be the variable that we can better rely on, and, in
addition, C&J derivative exercises are less velocity-dependent; this could explain ROM’s
ability to quantify fatigue.

The ten exercises studied showed different external load and fatigue levels between
them. However, it was not possible to quantify the magnitude of the different variables.
This is likely the consequence of individual physiological adaptations and responses to
exercise.

Coaches may plan according to these findings, specifically, as to C&J variables, by
using higher relative loads in the exercises where fatigue was not found. Furthermore, using
peak velocity in the Snatch and its derivatives plus ROM in the C&J and its derivatives
seems to be best for training control in OW.
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Abstract: A lifestyle factor which contributes to the remission of Crohn’s disease (CD) is physical
activity. The effect seems to positively impact the disease’s symptoms, improving the quality of life,
especially on patients in remission. Due to the lack of clinical studies about the effects of physical
activity on active CD patients, the purpose of the present case study was to record the influence of
swimming training (aerobic type of exercise) on an athlete with active CD. In this study participated a
22-year-old male, who is an elite swimmer and who was diagnosed in 2019 with CD. The research was
conducted over the last three years (2019–2022). Both the athlete and doctor consented to the clinical
examinations by the author. According to the present study, immediate medical examination and the
prescription of anti-TNF-α therapy is probably the most appropriate solution for someone who is
diagnosed with CD symptoms. Moreover, patient participation in any sport activity is discouraged
because of the potential danger of exacerbation of the symptoms. Therefore, for the sake of patient
safety, physical activity should only be encouraged when the disease is in remission.

Keywords: inflammation; bowel; malnutrition; training; physical activity

1. Introduction

Inflammatory Bowel Disease (IBD) is an autoimmune disease which mainly affects
the gastrointestinal tract, especially in young adults though rarely on children [1]. IBD is
categorized into ulcerative colitis (UC) and Crohn’s disease (CD). In CD, the symptoms are
diarrhea, abdominal pain, urgency, fatigue, weakness, anorexia, and malnutrition, altering
body composition [2–4]. A lifestyle factor that possibly contributes to the remission of the
disease is physical activity.

The research was conducted by the author supported the hypothesis that physical
activity contributes to the disease’s remission [5]. More specifically, moderate to intense
aerobic and/or resistance exercise, (60–80%, of VO2max or 1 RM), with an interval of 15–30 s
and 2–3 min after each exercise, and between exercises respectively, reduces CD’s symptoms,
while improving the patient’s quality of life, especially on the disease’s remission [5–7].
However, a lack of clinical studies about the effect of physical activity on active CD patients
is observed. As a result, doctors and physical activity instructors avoid the prescription
of any type of exercise on active CD patients because of the belief that it could lead to the
exacerbation of the disease [5,8–12].

Therefore, the purpose of the present case study was to monitor the influence of
swimming (aerobic type of exercise) on an active CD’s patient via the incidence of an adult
male elite athlete who was diagnosed with CD. The research was conducted over the last
three years (2019–2022) from when he was diagnosed with CD. Both athlete and doctor
consented to the clinical exams carried out by the author.

2. Case Report

The present study is concerned with an elite 22-year-old male swimmer who was
diagnosed with CD in 2019. This affected his performance and the will to participate at the
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training sessions in a sport which he begun in 2005 and continues still. To start with, in 2018,
at his senior year as a high school student and during a tough training period, he manifested
symptoms of diarrhea which ceased after three days of recovery, improving his condition.
Thus, the doctor suggested that probably it was gastroenteritis. Since the appearance of
these symptoms, he followed his schedule and training with under normal conditions.

In January 2019, after his dinner, which was a slice of pizza, he felt intense abdominal
pain and a few hours later, manifested symptoms of diarrhea. Over the following two
weeks since the first manifestation of diarrhea, his dietary and training schedule were
performed normally. However, the symptoms of diarrhea continued, disturbing his daily
routine. According to his clinical situation, the doctor concluded that the diarrhea was
probably due to gastroenteritis; therefore, a dietary schedule was recommended that
avoided mainly high-fat foods, such as processed meat, pork products, and fast food, etc.,
which could have exacerbated the diarrhea. Moreover, he felt more confident to consume
mainly carbohydrate foods and poultry, while avoiding any kind of leafy vegetables, fruits,
fishes, or legumes, etc. Despite the modifications to his diet, the manifested symptoms
(abdominal pain and diarrhea) remained, and he continued training, although his body
composition was unaffected.

In the February of the same year, his clinical situation had not improved, and he
suffered from strong abdominal pain which affected his bodyweight, resulting in the
loss of 4 kg. The doctor recommended a hematological analysis to examine the value
of C—Reactive Protein (CRP), a biomarker which is used for the detection of possible
inflammation [13]. According to the analysis, the athlete had mild inflammation, with the
CRP value at 6.2 mg/dL. Thus, the doctor hypothesized that this inflammatory condition
originated from the intestines. Therefore, an antibiotic treatment was administrated, with
three tabs per day of Metronidazole.

In March, a month later, the athlete did not show any improvement since the beginning
of the treatment. His body weight decreased more than 12 kg since January (body weight
69 kg) and the CRP was raised to 13.87 mg/dL. As a result, it was difficult for him to
continue training at the same frequency and intensity as before despite his intentions to do
so. According to the literature [5], this was due to the exacerbation of abdominal pain and
diarrhea. Thus, in April, he completely stopped training and any other physical activity
due to the weakness that he was feeling.

In the same month (April), he did an endoscopy of the colon. The results showed mild
inflammation and mucosal atrophy. Therefore, the doctors observing his clinical situation,
and in accordance with the histological examination, prescribed him a new treatment
combining Metronidazole with the anti-inflammation Mesalazine (two tabs per day).

The two medications (Metronidazole and Mesalazine), a month later (May), inhibited
the value of CRP to 0.14 mg/dL, improving his health significantly. As a result, he was able
to resume the training, though at a relatively low frequency and intensity. Although his
clinical situation improved, his performance was still lower than before, and the exacerba-
tions continued. In the middle of the month, Mesalazine’s treatment was discontinued and
replaced with the antibiotic Ciprofloxacin (6 tabs per week) which was administrated until
the end of May.

In June, the athlete’s body weight and CRP value returned to almost normal levels
(75 kg and 0.38 mg/dL, respectively). However, because of some exacerbations (abdominal
pain and diarrhea) the doctor decided to examine the fecal calprotectin (CAL), which is a
highly effective index to detect possible endoscopic ulcerations in CD [14]. Furthermore, a
colonoscopy was performed and biopsies were taken from the colon.

According to the analysis, the excreta’s inflammation index was 780 µg/g. Likewise,
from the colonoscopy examination, the sigmoid and ileum colon showed very red parts
with the presence of exudate ulcers. Finally, the results from the biopsies showed long-term
active ileitis. Connecting the results of colonoscopy (Figure 1A,B), CAL, and the clinical
situation of the athlete, the doctor’s hypothesis of a mild CD infection was confirmed.
Despite the athlete’s situation, the doctor recommended that he observe his nutrition intake
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and to continue with Salofalk at a dose of 500 mg (4 tabs per day). Moreover, his training
continued at a lower frequency and intensity, although it remained difficult to sustain the
training for more than 30 min (Figure 2).
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Figure 2. Patient’s clinical situation during the first six months of CD manifestation. CRP: C—Reactive
Protein, CAL: Fecal Calprotectin.

The athlete, after four months (July–October) of an unstable health condition, was,
in November of 2019, hospitalized. After a sequence of hematological analysis and in
accordance with his medical history, it was decided to begin the injection of anti-TNF-
α (biological therapy) with Infliximab and Azathoprine. The first three therapies were
conducted in a period of three months (from November of 2019 until January of 2020).
From the March of 2020, until the present time, his therapy continues to take place every
two months. In November of 2020, another colonoscopy was performed in which a
physiological depiction of the colon instead of a mild inflammation in the sigmoid colon
was found, which did not concern the doctors. Since the athlete started the therapy, his
CRP value reached normal levels (<0.50 mg/dL) (Figure 3). The only exception was in
August of 2021, when the CRP was raised above normal values. However, the athlete did
not manifest any symptoms of abdominal pain or diarrhea. The doctor indicated that this
raise was probably due to another factor, because CRP is an index which is associated with
a variety of etiologies, ranging from sleep disturbances to periodontal disease [15]. Finally,
his swimming performance was improved significantly when competing again in races.
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3. Discussion

This novel case study was performed with no limitations or difficulties. Both the
athlete and the doctors contributed, giving reports about the hematological analysis and
the clinical situation during the three-year period.

According to the athlete’s situation, it is assumed that in the condition of an active
disease, aerobic types of exercise exacerbate the disease; however, in remission, aerobic
types of exercise do not cause exacerbation. Thus, the results of the present case are in
accordance with the literature [5–7]. Specifically, many authors regard that aerobic or
resistance type of exercise effectively mitigate CD’s symptoms, especially when the patient
is in remission. However, there is not any observation in the research of a case in which
someone is in active disease’s condition. Thus, there is only the hypothesis that any kind of
exercise must be avoided when the symptoms are active [5].

Moreover, the immediate performance of a hematological analysis and colonoscopy
after any suspicious CD symptom seems to be important for any patient. Specifically, since
the first manifestation of the disease, the doctor administrated to the patient Metronidazole
and Mesalazine two months later. For the athlete, these two months were a period which
caused an extensive malnutrition and resulted in difficulty in the participation of his
training or indeed of any other activity. Therefore, to deal with those types of symptoms,
immediate examination, and offensive therapy with anti-TNF-α injection (Infliximab and
Azathoprine) are the most appropriate actions [16]. In case of the athlete of this study,
the doctors prescribed him medications at the beginning of symptoms’ manifestation as
a unique therapy. However, the most effective and appropriate way to deal with CD
symptoms is the combined prescription of medication and anti-TNF-α therapy.

The present study is the first which recorded the incidence of an active CD athlete who
participates in aerobic activity. Therefore, further studies are essential to inform doctors
and physical activity instructors about the potential benefits of the prescription of exercise
on CD patients.

4. Conclusions

According to the present study, immediate medical examination and prescription
of anti-TNF-α therapy are probably the most appropriate solution for someone who is
diagnosed with CD symptoms. Moreover, patient participation in any sport activity is
discouraged because of the potential danger of exacerbation of the symptoms. Therefore,
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for the sake of patient safety, physical activity should only be encouraged when the disease
is in remission.
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Abstract: A series of case studies aimed to assess bone and stress fractures in a 768-km ultra-trail race
for 11 days. Four nonprofessional male athletes completed the event without diagnosing any stress
fracture. Bone turnover markers (osteocalcin (OC), serum C-terminal cross-linking telopeptide of type
I collagen (CTX), bone-specific alkaline phosphatase (BALP), and serum turnover calcium (Ca2+))
were assessed before (pre) and after the race (post) and on days two and nine during the recovery
period (rec2 and rec9), respectively. Results showed: post-pre-OC = −45.78%, BALP = −61.74%,
CTX = +37.28% and Ca2+ = −3.60%. At rec2 and rec9, the four parameters did not return to their
pre-run levels: OC, −48.31%; BALP, −61.66%; CTX, +11.93% and Ca2+, −3.38%; and OC = −25.12%,
BALP = −54.65%, CTX = +93.41% and Ca2+ = +3.15%), respectively. Our results indicated that the
ultra-trail race induced several changes in bone turnover markers, uncoupling of bone metabolism,
increased bone resorption: OC and BALP and suppressed bone formation: CTX and Ca2+. Bone
turnover markers can help determine the response of bone to extreme effort and might also help
predict the risk of stress fractures.

Keywords: ultra-endurance; bone mass density; bone remodelling markers; bone formation; bone
resorption

1. Introduction

Regular physical activity has been recognized to have health benefits in general and
specifically in the musculoskeletal system, increasing muscle strength and bone mineral
density (BMD) [1]. Regular physical activity prevents multiple bone diseases, such as
osteopenia or osteoporosis by increasing BMD [2]. Regardless of the importance of exercise
in maintaining bone health, there is still no consensus in the scientific literature regarding
the volume and intensity of effort required to prevent bone damage [3]. If exercise does
not exert a minimum load on bone tissue, it will not increase BMD, as has been proven
in studies carried out on swimmers [4]. Benefits in BMD depend on the type of exercise
undertaken; weight-bearing exercise increases BMD, particularly at load-bearing sites,
independent of muscular activity alone [5]. In contrast, when exercise overloads bone
tissue because of excessive force, it may result in stress fractures and weaken BMD [6].

Among all the weight-bearing endurance sports, ultra-trail races include the longest
(e.g., any distance in excess of the standard marathon distance 42.195 km or at least 6 h of
duration) [7] and a great amount of negative and positive accumulated elevation, which
increase the mechanical stress and consequently overload the microstructure of bone tissue
(especially lower limbs) [8]. In addition, multi-stage ultra-trail competitions are usually held
in extreme environments lasting several days and, as a consequence, athletes must carry
their own provisions, resulting in additional weight and increasing the stress on bone tissue
and reducing BMD [9]. Despite all these characteristics, the number of stress fractures
found in competitions is relatively low [10,11]. Hoffman et al., in a descriptive study
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including 1212 ultra-runners, who completed an ultra-trail race, only found 0.3% of stress
hip fractures and 1.9% of stress fractures involving tibia or fibula [12]. However, Scheer
et al. found a higher incidence when assessing the stress fractures in a 12-month following
study (10.3%) [13]. Apart from the length of the race, these runners have to complete a
high volume of training prior to the competition in order to acquire the physiological and
biomechanical adaptations required to face this extreme effort. Average training loads are
between 66-83 km/week in adults and around 57 km/week in youth athletes [14]. This
great amount of training may result in overtraining syndrome and subsequently in BMD
loss increasing the likelihood of suffering stress fractures [15]. Thus, predictive markers that
reflect stress of bone are needed to prevent stress fractures and help runners and coaches
plan their training routines effectively [16].

BMD is usually assessed by using Dual-energy X-ray absorptiometry (DEXA) at the
femur and, in the current criteria, OP is defined as a BMD T-score of −2.5 or lower at any
one location or presenting a previous fragility fracture [4]. However, BMD analysis is not
always conclusive as a predictive factor of stress fractures in the sports field [3]. Due to this
fact, many researchers have raised the importance of bone turnover (BT) by analysing bone
turnover markers (BTMs), as an essential factor when assessing bone microarchitecture
and, therefore, the state of bone tissue [15,17]. BT consists of two dynamic processes: bone
formation (anabolism) regulated by osteoblasts (responsible for bone matrix synthesis) and
resorption (catabolism) mediated by osteoclasts (responsible for the secretion of proteolytic
enzymes which digest bone matrix) [18]. BTMs are biochemical products measured usually
in blood or urine that reflect the metabolic activity of bone, but which themselves have
no function in controlling skeletal metabolism [19]. They are traditionally categorized as
markers of bone formation or bone resorption. It has been shown that during the practice
of endurance exercise there is an increase in markers related to bone resorption (serum
C-terminal cross-linking telopeptide of type I collagen (CTX)) [20,21] and a decrease in
those of formation (osteocalcin (OC), alkaline phosphatase (AP) and serum procollagen
type I N propeptide (s-PINP)) causing a net loss of bone [22–24]. The analysis of BTMs offer
some advantages over DXA alone: they allow the assessment of bone metabolic activity
at a specific time, there are a high number of selective markers and the techniques are
easily applicable and minimally invasive [25]. The analysis of BTMs, therefore, allows the
monitoring of the likelihood of suffering stress fractures during the practice of physical
activity by using selective biomarkers, apart from BMD [26]. The relationship between
stress fractures and BT seems predisposed by an acceleration in the destruction of bone
tissue that precedes the remodelling phase, which may cause a weakening of the tissue
during this period and, therefore, increased probability of suffering stress fractures [27].

The aim of this case study was to assess the alterations suffered by four runners after
completing a 768 km extreme ultra-trail race on bone turnover markers. We hypothesized
that bone resorption markers (CTX and Ca2+) would increase and bone formation markers
(CTX and BALP) would decrease. The alteration suffered in BTM may persist for days after
the activity; a fact that may result in an increase in the suffering of stress fractures.

2. Case Report

Four non-professional healthy ultra-runners (38.08± 4.11 years) accepted participation
in this case report after being invited by email. The four subjects included were males
with broad experience (5 ± 1.26 years), well trained (11.61 ± 2.22 h·week−1) and had
accumulated large amounts of elevation both positive and negative in the preparatory
period (116,615 ± 37,462 m). It took them 154 h 43 min (SD ± 23 min) (equivalent to 51% of
VO2max) to complete the 11 stages. They ran at an average speed of 5.11 ± 0.46 km h−1 and
an average pace of 11 min 46 s (SD ± 3 min 4 s). No runner suffered any stress fracture.
All participants were non-smokers and were not receiving medical, pharmacological, or
dietary treatment.

Body composition measurements included: height, weight, skin folds and body mass
index. All subjects were measured 2 h prior to the start of the race. Height measurement
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was made to the nearest 0.1 cm using a wall-mounted stadiometer (Seca 220, Seca, Ham-
burg, Germany), body weight was measured barefoot to the nearest 0.01 kg on calibrated
electronic digital scales (Seca 769, Seca, Hamburg, Germany), skin folds used a compass
accurate to ±0.2 mm (Seca 212, Seca, Hamburg, Germany) and a tape with an accuracy
of ±1 mm was employed. Six skin folds were taken: abdominal, suprailiac, subscapular,
tricipital, thigh and leg and perimeters; arms and legs were in a relaxed 90◦ position. The
equations of Yushaz were used to calculate the percentage of fat [28] and the equation
according to Lee to determine the percentage of muscle [29].

A cardiopulmonary test assessed the following physiological outcomes: maximum
oxygen consumption (VO2max), heart rate maximum (HRmax) and maximal aerobic speed
(MAS). The laboratory test was performed on a treadmill (Pulsar, h/p/cosmos®, Nussdorf,
Germany). The test was run on a 1% slope and the start speed was set to 8 km h−1,
which increased 1 km·h−1 every minute. To warm up the subjects ran for 5 min on the
treadmill operating at a speed of 6 km·h−1. Respired gases were collected with an Oxycon
Proanalyzer (Erich Jaeger GmbH, Hoechberg, Germany). The gas analysis system was
calibrated according to ambient temperature and humidity, air flow and VO2 and VCO2
concentrations. A pulsometer was used to evaluate the maximal heart rate (Vantage M,
Polar, Finland). The participants’ pre-race characteristics are listed in Table 1.

Table 1. Pre-race individual characteristics of the population included (n = 4).

Parameters Subject 1 Subject 2 Subject 3 Subject 4

Age (years) 33 37 41 42
VO2max (mL/kg/min−1) 58.28 70.6 67.1 50.71

HRmax (beats·min−1) 194 186 194 176
Maximal aerobic speed (km·h−1) 18 17 16.7 16

Height (cm) 180.7 176.1 172.3 173.9
Weight (kg) 79.1 64.9 60.8 77.3

BMI 24.2 20.9 20.5 25.6
Fat mass (%) 8.82 6.88 8.70 8.14

Muscle mass (%) 43.4 47.38 57.63 38.55
Experience (years) 6 6 4 7

Distance covered (h·week−1) 11 11 15 11
Annual slope accumulated (m) 140,655 120,404 156,000 70,000

BMI, body mass index; HRmax, heart rate maximum; VO2max: maximum oxygen consumption.

The GR-11 route joins the Mediterranean and Atlantic coasts along the Pyrenees,
covering 786 km in 11 stages. The average stage/day consisted of 71.49 km (SD ± 8.2),
the average positive elevation was 4260.45 ± 1063.26, and the average negative elevation
was 4258.63 ± 989.13. The race had a warm temperature, with values ranging from 13.1 to
17.6 ◦C, and the humidity was (60.1–70.9%). In-race hydration was provided ad libitum.
The characteristics of the ultra-trail race are listed in Table 2. This table has been previously
published [30]. This case report is part of a series of case studies aimed at studying the
effects on runners’ health after completing this unique ultra-trail challenge called “GR-
11”; accordingly, the characteristics of the ultra-trail (i.e., duration, positive and negative
elevation) are the same in both case studies.

Table 2. Characteristics of the extreme ultra-trail [30].

Stages Distance (km) Elevation (m+) Elevation (m−)

1 78.5 3136 3024
2 72.3 3886 3458
3 72 4655 4044
4 68.1 5660 4581
5 72.6 5411 6336
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Table 2. Cont.

Stages Distance (km) Elevation (m+) Elevation (m−)

6 76.1 5344 4788
7 63.7 5492 5163
8 66 3641 4576
9 66.1 3361 3841
10 66.5 2958 2934
11 83 3321 4100

Total 784.9 46,865 46,845
Md 71.35 4260.45 4258.63
Sd ±6.00 ±1063.26 ±989.13

Twenty milliliters of venous blood (antecubital vein) were withdrawn from each par-
ticipant pre- and post-race, rec2, and rec9 evaluations (90 min before and 10 min after
finishing the race, two days and nine days in the morning). Blood samples were collected in
two 5-mL Vacutainer tubes (Beliver Industrial State, Plymouth PL6 7BP, UK) without anti-
coagulant for serum isolation and in two 5-mL tubes containing ethylenediaminetetraacetic
acid (EDTA) as an anticoagulant. Once collected, the blood samples were coagulated for
25–30 min at room temperature and then centrifuged at 2500 rpm for 10 min to remove the
clots. Serum samples were aliquoted into Eppendorf tubes (Eppendorf AG, Hamburg, Ger-
many), washed with diluted nitric acid, and stored at −80 ◦C until biochemical analysis. To
facilitate the interpretation of the data, the change in analytical parameters was measured
as follows: post-race, 2, 9 days less pre-race respectively. Statistical analyses were carried
out using the Statistical Package for The Social Sciences software (IBM SPSS Statistics for
Windows, version 26.0, 64 bits Edition, IBM Corp., Armonk, NY, USA). Descriptive analysis
was carried out on all variables, and average, median and standard deviations were cal-
culated. Normal distribution of the variables was verified by using Kolmogorov-Smirnov
and Shapiro-Wilk tests, but normality criteria were not met because of the low number
of subjects. p-value was calculated, but due to low number of subjects included and the
design of the study as a series of case studies, its value was not considered for final analysis.
The BTM changes analyzed are listed in Table 3. Range values were expressed for OC, ALP,
CTX and Ca2+ according to age, sex, and race [31]. All bone formation markers included
(OC and ALP) decreased their values when comparing pre- and post-exercise. Conversely,
all the bone resorption markers decreased after race completion. During the recovery
period, OC and ALP values remained above the basal line, even at rec9 (OC = −45.78%
and BALP = − 54.65%). In contrast, the CTX values increased slightly at rec2 (+11.93%)
but soared at rec9, with values close to +100%. (CTX = +93.41%). Serum calcium levels de-
creased slightly when comparing pre- vs. post-and pre- vs. rec2. However, the rec9 values
exceeded the pre-race levels (Ca2+ = +3.15%) (See Table 3). The chronological sequence of
BTMs is fully shown in four different figures included in Figure 1.

Table 3. Blood parameters before (baseline) and after race (post-exercise day 2 and post-exercise day 9).

Parameter Blood
(Reference Values)

Before-Race Post-Race

Pre (Baseline)
Value

Post (Post-Exercise) Value
(% Difference)

Day 2 (rec2) Value
(% Difference)

Day 9 (rec9) Value
(% Difference)

OC (ng/mL)
(13.98–41.99) 22.20 ± 7.41 11.15 ± 3.14

↓ (−45.78)
10.30 ± 2.29
↓ (−48.31)

15.14 ± 5.73
↓ (−25.12)

BALP (ug/L)
(6–30) 23.03 ± 4.68 8.64 ± 1.63

↓ (−61.74)
8.50 ± 2.37
↓ (−61.66)

10.29 ± 2.30
↓ (−54.65)
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Table 3. Cont.

Parameter Blood
(Reference Values)

Before-Race Post-Race

Pre (Baseline)
Value

Post (Post-Exercise) Value
(% Difference)

Day 2 (rec2) Value
(% Difference)

Day 9 (rec9) Value
(% Difference)

CTX (µg/L)
(0.23–0.94) 0.24 ± 0.02 0.32 ± 0.09

↑ (+37.28)
0.26 ± 0.12
↑ (+11.93)

0.46 ± 0.14
↑ (+93.41)

Ca2+ (mg/L)
(8.70–10.40)

9.35 ± 0.33 9.22 ± 0.32
↓ (−3.60)

9.03 ± 0.34
↓ (−3.38)

9.64 ± 0.12
↑ (+3.15)

Data are expressed as absolute values and as ± percentages from baseline values. OC, osteocalcin; BALP, alkaline
phosphatase; CTX, C-terminal cross-linking telopeptide of type I collagen; Ca2+, calcium.
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3. Discussion

The objective of this case report was to assess the alterations suffered on BTMs after
completing a multi-stage ultra-trail and in the recovery period. The main finding of our
study was suppression in bone formation and an increase in the bone resorption process,
not only after completing the race but also in the recovery period (2 and 9 days after),
respectively. To the best of the authors’ knowledge, this has been the first study to assess
BTMs in such an extreme multi-stage ultra-trail after finishing the race and even nine
days after in the recovery period. Only three previous studies have studied BTMs in
ultra-endurance races so far, but the duration (from 245 to 308 km) and the elevation of
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these events were not as extreme as in the race included in this study [23,24,32]. To better
understand the discussion, the text contains different points listed below.

3.1. Bone Formation Biomarkers

The results included in our study showed that bone formation markers reduced
their values after completing an ultra-trail race competition and two and nine days after
finishing it (See Table 3). These results fall in line with those previously reported by other
authors [23,24,32]. However, these previous studies did not include such a long race nor
assessed BTMs after nine days after completing the event. Despite the increase of new BTMs
in recent years (e.g., Procollagen type I N-terminal propeptide (PINP) and procollagen
type I C-terminal propeptide (PICP) [21], OC and BALP are still reliable markers of bone
formation. Many of the most prestigious institutions related to bone health, including The
National Health Allegiance (NBHA) [33], the International Osteoporosis Foundation (IOF)
and the International Federation of Clinical Chemistry and Laboratory Medicine (IFCC),
support the use of OC and BALP as clinical biomarkers for OP [19,34].

OC is a non-collagen protein synthesized exclusively by the osteoblasts and plays a
pivotal role in osteogenesis [34]. Several studies have analyzed OC as the main BTM of
bone resorption in ultramarathons [20,23,24,35]. Three out of the four found decreases in
OC levels [20,23,24] but only one of them found no differences after finishing the race [32].
OC decrease during strenuous exercise has been explained by an increase in parathyroid
hormone and cortisol [24]. The action of these hormones suppresses the activity of the
osteoblasts or reduces osteoblast release as a consequence. Malm et al. found a four-fold
increase in cortisol levels after completing a marathon [35]. In the same line, Knectle
et al. found rises in cortisol and catecholamines and decreases in growth hormone, which
shows the complexity of the alterations suffered by the hypothalamic-pituitary axis in these
efforts [36]. In the recovery period, our study showed a relevant decrease of OC levels,
even nine days after, which implies bone formation function remained partially suppressed
days after completing the ultra-trail race. Other studies have also evaluated the activity
of OC and have found similar results. Nizet et al. in a study that evaluated a marathon
race, observed a decline in OC levels after the race (from 4.9 to 3.9 g/liter, −20%) and three
days later. BALP is a homodimer anchored to the membrane of osteoblasts and matrix
vesicles [37]. Although its exact function is not completely clear, the presence of alkaline
phosphatase on the cell membrane is required for bone mineralization [38].

The results found in our study support the idea that repeated weight-bearing exercise
may result in a suppression of the activity of BALP. However, BALP is mainly affected
by hormonal levels altering its release. Malm et al., in a comparative study, only found
significant decreases of BALP in the female group [39]. In this sense, the validity of BALP as
a conclusive bone formation biomarker seems lower than OC or PINP [33]. Our study found
higher decreases of BALP in the three measurements (−61.74%, −61.66% and −54.51%),
despite the subjects of our study only being of male gender. This fact may be due to the
excessive distance and the extraordinary elevation of the ultra-trail race in our study in
comparison with previous research.

3.2. Bone Resorption Biomarkers

CTX is the result of osteoclastic bone resorption, and it is a type I breakdown prod-
uct [38]. CTX has been proposed as the gold standard for assessing the bone resorption
process [33]. Our study showed relevant decreases in CTX values after finishing the race
and in the recovery period. Similarly, previous studies on marathons [40] and on ultra-trail
races [20] have shown CTX increases ranging from +8% to +19%. The values found in
our study were higher, especially at rec9 (+93.41%). The duration of the effort has been
proposed as the main factor responsible for the increase of CTX [20]. According to many
authors, [22,41] prolonged mechanical usage increases microdamage. It seems reasonable
that higher values of CTX were found in our study because of the extreme duration of a
768 km run.
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Ca2+ values slightly varied in the three measurements of our study (−3.60%,−3.38 and
+3.15%). Similar increases were reported by Nila et al. [42]. After the race Ca2+ increases
from 9.2 ± 0.1 (mean ± SE) to 9.8 ± 0.1 mg/dL (p < 0.01). Another study that evaluated
the alterations of Ca2+ in marathon runners (eleven men and seven women) found no
increases in Ca2+ after the end of the race. The activity of Ca2+ has also been associated
with duration and intensity of effort, apart from the adrenergic activation post-exercise [36].
The multi-stage here studied (768 km and 11 stages) exceeds the duration and the elevation
of the races analyzed in previous research, so the higher increases in Ca2+ values at post
and rec2 are mainly justified by these specific characteristics.

3.3. Stress Fractures and BTMs

The four subjects included in our study suffered no stress injury in the course of the
ultra-trail race despite the BTM alterations found in our study. The incidence of stress
fractures that the scientific literature has reported in ultra-endurance sports and ultra-trail,
in particular, is relevant, oscillating their values from 0.3% in femur or hip to 1.2% tibia
or fibula [12]. High rates of bone remodelling have been associated with an increase in
suffering of stress fractures, regardless of BMD loss measured by DEXA or ultrasound [38].
Tian et al., in a systematic review. found positive relationships between CTX and risk
fractures (1.20, 95%CI, 1.05–1.37). The ACSM has shown that the most influential factors
for stress fractures are exercise mode, intensity and duration. Accordingly, stress fractures
occur as a result of excessive training activity due to repetitive mechanical loading [16]. It is
because of these microfractures that bone resorption activity increases. Vasikaran et al., in a
systematic review, found several studies that associated BTMS changes and subsequent
fractures [19].

Traditionally, the studies investigating hip fractures have usually focused on women,
due to hormonal reasons behind the development of OP and, consequent higher incidence
of hip fractures. Nevertheless, studies including men have also found BTM changes prior
to suffering a stress fracture [16]. Studies that have analyzed the relationship between
BMD loss and the likelihood of stress fracture in running activities have found significant
associations [16,27,36].

Bennell et al., in a 12-month prospective study, found no differences in OC values
between athletes who suffered a stress fracture and did not (p = 0.010) [15]. On the contrary,
Sayaka et al., in another study including young athletes, found an incidence of stress
fractures higher than in other similar studies (11.4% of 316 athletes), but there was no
statistical difference in BTMs [16]. We can conclude that the value of BTM alterations
as a tool for predicting stress fractures is contradictory. This discrepancy in the results
obtained is due to the variety of BTMs analyzed, as well as the different characteristics in
the population included and differences in running activities studied. The characteristics
of the ultra-trail races (i.e., duration and elevation) would require further investigation
considering these characteristics.

3.4. Limitations

It must be considered that the sample size (n = 4) and the only male gender used in this
study could be a limitation that had an impact on the results obtained. The main reason to
justify the design of this study was due to the uniqueness and extreme conditions of the race
(e.g., duration, number of stages and positive and negative elevation accumulated). As our
study shows, there are several alterations on BTMs after finishing an ultra-trail race and at
least nine days after in the recovery period. However, further investigation is still required
in order to clarify the mechanisms involved in BT and its relation with BMD and/or BC
loss, and, ultimately, the etiology of stress fractures in these efforts. More epidemiological
studies, including analyses of BTMS and DXA or ultra sound measurements, are needed to
better elucidate the mechanisms involved in BMD.
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4. Conclusions

According to this study, during an ultra-trail race it appears that bone resorption is
increased and, conversely, bone formation is suppressed, resulting in a transient uncoupling
of BT. The levels of all BTMs analyzed remained altered when compared with pre-run
levels, especially in CTX and OC, even nine days later. This study showed that a 768-km
multi-stage ultra-trail induces changes in the OC/Ca2+/BALP/CTX interaction, which may
result in an increase in the likelihood of stress fractures as a consequence of damage to bone
tissue. The special preparation that these athletes had to carry out to face the race implies
a great amount of training volume (e.g., kilometers accumulated, n◦ sessions·week−1)
prior to the race, so the study of which BTMs reflect bone damage may help in preventing
runners suffering from BMD loss and in avoidance of stress fractures. Considering the
results of this case report, runners and coaches should analyze alterations in BTMs, not
only immediately after the race but also in the recovery period. The analysis of the BTMs
here presented offers valuable information about load in bone tissue during the training
process and may help runners reduce the likelihood of suffering stress fractures. The
training process of these races requires a structured program of scientific monitoring in
physiological, biomechanical and performance areas. According to these findings, BTMs
should be measured as part of the preparation routine for ultra-races to prevent ultra-
runners suffering bone turnover alterations.
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