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Abstract

The study aim was to compare the external load during varying microcycles (M1-M4 during

pre-season and M5 during the in-season) in elite female Portuguese soccer players and to

describe external load variations between differing Ms. Fourteen first-team players partici-

pated in the study (age 23.29 ± 3.19 years, weight 59.14 ± 6.87 kg, height 1.66 ± 0.08 m).

Load measures included total distance, high-speed running (HSR) distance (�15 km/h),

number of accelerations and decelerations [acceleration 1 (ACC1), >1–2 m/s; acceleration

2 (ACC2), >2–3 m/s; acceleration 3 (ACC3), >3–4 m/s; acceleration 4 (ACC4), >4 m/s] and

decelerations [deceleration 1 (DEC1), <1–2 m/s; deceleration 2 (DEC2), <2–3 m/s; deceler-

ation 3 (DEC3), <3–4 m/s; deceleration 4 (DEC4), <4 m/s]. M1 showed higher values of total

distance, ACC1, ACC2, ACC3, DEC2, DEC3 and DEC4 than M2 (p = <0.001–0.04),

although HSR was higher in M2 (p < 0.001). M2 showed lower values of HSR, ACC1,

DEC1, DEC2, DEC3 than M3 (p = 0.001–0.04). M3 reported higher values of total distance,

ACC1, ACC2, DEC1, DEC2 than M4 (p = <0.001–0.03), while M4 only found higher values

of ACC4 and DEC4 than M5 (both, p = 0.01). The highest values occurred in M3 for the

majority of external load metrics (except ACC3, ACC4, and DEC4 which were higher in M4).

However, during the transition from M4 to M5, only ACC4 and DEC4 decreased with all

other measures maintained, thus supporting the notion to maintain similar loading patterns

during official competition.
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Introduction

Load monitorization allows coaches and staff to improve the individualization of training

approaches and stimuli, which consequently supports recovery strategies, thus reducing

fatigue and injury risks [1,2]. The practice of load monitorization can be measured through

two dimensions: internal [e.g., rating of perceived exertion (RPE), various heart rate deriva-

tives] as a psychophysiological response; and external (e.g., running and accelerometry-based

measures), considering the physical work performed [3]. Recently, a systematic review on

internal and external training load during varying microcycles (M) and match load practices

in female soccer players provided several range values for varying internal and external load

(training and match) measures was summarized. Although, no variations between Ms were

described [4]. Another systematic review analyzed macrocycles, mesocycles, and Ms training

load practices in professional male soccer and found that linear programming was applied,

however no study has examined female soccer [5].

Despite previous literature, designing and monitoring load can be dependent on several

contextual factors such as the number of matches during the season and current period of

the annual plan [6,7]. The annual plan includes the pre-season period which is predomi-

nately aimed at returning players to appropriate performance levels of strength and foot-

ball-fitness [8]. Additionally, the annual plan also includes the in-season which usually

attempts to maintain the team physical levels achieved during the pre-season, whilst also

improving individuals accordingly [8]. More specifically, Ms in female soccer can include

two to 10 training sessions/week during the competitive season [9]. While the pre-season

period will involve friendly matches, the in-season will include official matches which can

significantly increased loads [10]. Therefore, knowledge detailing pre-season and in-season

load strategies can help coaches to appropriately design periodized soccer-specific training

routines. Such knowledge can also be beneficial when considering the transition from pre-

season to the in-season. Nonetheless, research that compares the load of pre-season and in-

season periods is not common in soccer players [8,10,11] and to the authors knowledge,

there is no research examining female players.

Although, a better understanding of the periodization practices in professional soccer

would be practically helpful for performance and technical coaches to manipulate appropriate

training load and volume [12]. Despite this, periodization practices in soccer are frequently

based on the coach’s philosophy and experience [13]. Therefore, the primary aim of this study

was to compare M external load changes (four Ms during pre-season and one in-season M) in

elite female Portuguese soccer players. In addition, the secondary aim of the study was to

describe and quantify the external load variations between Ms.

Materials and methods

Design

This research was an observational study design to examine a single female professional team.

Players external load was monitored daily during the five examined Ms (M1—M5) which

included four pre-season Ms (M1 –M4) and one M from the in-season period (M5) (26-07-

2022 to 04-09-2022). The entire period of analysis included 28 training sessions, three friendly

matches, and two official matches from the 2022–23 season. A non-probabilistic sampling pro-

tocol was employed to recruit the participants (convenience sample). All external load moni-

toring quantification was implemented without any interference from the research team.

Notably, this study is the second part of previous research [9].
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Participants

Fourteen professional outfield female players (age 23.2±5.9 years, weight 80.3±7.0 kg, height

1.81±0.07 m) from the same Portuguese professional club were included in the present study

in which six were defenders, three were midfielders, five were attackers and from the 14, four

were national team players [9].

The eligibility criteria was adapted from previous research [9] and included: (i) completed

at least 80% of training sessions across the five Ms; (ii) did not use dietary supplements during

the study period, (iii) was un-injured during the study; and (iv) did not participate in another

training program during the study period. Moreover, the exclusion criteria for the study were:

(i) a long-term (three months) injury; (ii) did not present full, complete training data; and (iii)

were goalkeepers, due to the large variation in physical demands compared with outfield

players.

All data collected resulted from normal analytical procedures regarding player monitoring

over the competitive season, nevertheless, prior to data collection, participants were fully

informed of the study design and written informed consent was obtained from all participants.

The study followed the ethical guidelines for human study as suggested by the Declaration of

Helsinki and was approved by the Research Ethics Committee of the Polytechnic Institute of

Santarém, Santarém, Portugal (No24-2022ESDRM, 25 July 2022). To ensure confidentiality,

all data were anonymized prior to analysis.

Load quantification

Only team pitch-based training and match sessions were included for analysis. All other ses-

sions, individual training sessions, recovery sessions, and rehabilitation training sessions were

excluded [14].

The planning of all soccer content was cyclical in nature and reflective of modern methods

of periodization in elite soccer, and thus, the external physical load experienced by players was

undulating across a M leading to match-play [15]. The number of days between matches dif-

fered [16]. Specifically, there were five Ms (representing six weeks), where the first M (M1)

had 10 training sessions and one friendly match, the second M (M2) had five training sessions

and one friendly match, the third M (M3) had two training sessions and one friendly match,

the fourth M (M4) had six training sessions and one official match, and the fifth M (M5) had

five training sessions and one official match. The pre-season period encompassed M1, M2,

M3, and M4 while M5 was the initial M of the competitive season.

All training sessions included technical, tactical, physical, and psychological components.

All players completed one to two strength- and power gym-based sessions per M incorporating

upper and lower body and core exercises [15], although these sessions were not included in the

analyses [14].

External load quantification

A portable 10 Hz GPS device (PlayerTek, Catapult Innovations, Melbourne, Australia) was uti-

lized to produce training and match-play locomotor data. This device also incorporated a tri-

axial 100 Hz accelerometer that provided acceleration and deceleration data. These types of

GPS devices have recently gained much attention and have been found valid and reliable in

team sports when quantifying data [17].

Ten minutes prior to each training session and match, PlayerTek devices were turned on.

The devices were placed in a specifically customized vest pocket located on the posterior side

of the upper torso fitted tightly to the body, as is typical during training and match-play. The
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devices were placed and checked by the same staff member on every occasion, and to avoid

inter-unit error, each player wore the same device during the study period [18].

The following metrics were collected for analysis: total distance, HSR (�15 km/h) [19],

numbers of accelerations [acceleration 1 (ACC1), >1–2 m/s; acceleration 2 (ACC2), >2–3 m/

s; acceleration 3 (ACC3), >3–4 m/s; acceleration 4 (ACC4), >4 m/s] and decelerations [decel-

eration 1 (DEC1), <1–2 m/s; deceleration 2 (DEC2), <2–3 m/s; deceleration 3 (DEC3), <3–4

m/s; deceleration 4 (DEC4), <4 m/s] [20]. Relative distances and quantities per minute (m/

min and nr/min) for all variables were also examined.

Statistical analysis

Descriptive statistics are presented as mean ± standard deviation (SD) and percentage change.

Normality and homogeneity of the different variables were tested using the Shapiro–Wilk and

Levene tests, respectively. Only the total distance of M1 and DEC3 of M2 did not present a

normal distribution (p< 0.05). Still, considering the centrality trend of the remaining vari-

ables, dependent t-tests were used to compare: M1 versus M2; M2 vs M3; M3 vs M4; M4 vs

M5. When significant results were detected, Hedges effect size (ES) was performed to deter-

mine the effect magnitude through the difference of two means divided by the standard devia-

tion 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 effect [21]. All statis-

tical procedures were executed in the IBM SPSS Statistics for Windows (version 27.0, IBM

Corp, Armonk, NY, USA). Significant results were considered at p< 0.05.

Results

Fig 1A–1C represents an overview of descriptive statistics across the different Ms for all GPS

measures.

Tables 1–4 present detailed comparisons between M1 and M2 (Table 1), M2 and M3

(Table 2), M3 and M4 (Table 3) and M4 and M5 (Table 4) for the different GPS measures.

Discussion

The present research aimed to analyze the external load of five Ms (four pre-season Ms and

one in-season M) of a professional female soccer team. Considering the descriptive data, some

differences in the examined variables between the in-season and pre-season Ms were observed,

mainly due to the emphasis of this seasonal period on physical conditioning of players [14]. In

the first three pre-season Ms, players covered more distance compared to M4 and M5. Previ-

ous research have indicated that total distance is higher during the pre-season M [10,14,22],

since the objectives at this season stage are to regain the players’ physical levels [23], with phys-

ical objectives being prioritized during the initial phases of pre-season (M1-M3) [8].

The present study findings examining load periodization, suggest that load across all met-

rics was reduced in the last two weeks (M3 and M4) of pre-season as a potential tapering

approach [24,25] to commence the initial competitive M. In partial support, other authors

found that the number of accelerations/decelerations in training sessions decreased through-

out the season [22], albeit the present study had a significantly different physical emphasis dur-

ing the study period based on the stage of the season. However, in our study, this was only

evident for accelerations and decelerations <3m/s. Regarding high-intensity accelerations/

decelerations (>3m/s), despite some differences between Ms, lower accelerations/decelera-

tions in zones <3m/s were found. This finding can partly be explained by the coaches of the

study team utilized various small-sided games, manipulating short spaces and/or with the use

of goalkeepers [26,27], aimed at promoting acceleration/decelerations, braking, jumping,
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Fig 1. Descriptive statistics for each GPS measure across the different microcycles (M1, M2, M3, M4, M5). ACC1,

acceleration 1; ACC2, acceleration 2; ACC3, acceleration 3; ACC4, acceleration 4; DEC1, deceleration 1; DEC2,

deceleration 2; DEC3, deceleration 3; DEC4, deceleration 4.

https://doi.org/10.1371/journal.pone.0314076.g001

Table 1. Comparisons between M1 and M2.

Measures M1 M2 % change t-value p-value Effect size

TD (m/min) 54.73±6.20 50.09±6.28 -9.3 2.80 0.01 6.39

HSR (m/min) 2.94±0.88 4.33±1.01 32.1 -5.77 <0.001 0.93

ACC1 (nr/min) 1.38±1.20 1.22±0.27 -13.1 2.96 0.01 0.20

ACC2 (nr/min) 0.84±0.12 0.75±0.15 -12.0 2.24 0.04 0.16

ACC3 (nr/min) 0.32±0.08 0.25±0.06 -28.0 2.92 0.01 0.08

ACC4 (nr/min) 0.08±0.02 0.08±0.03 0.0 1.17 0.26 0.03

DEC1 (nr/min) 1.11±0.20 1.11±0.27 0.0 -0.03 0.98 0.26

DEC2 (nr/min) 0.82±0.13 0.68±0.13 -20.6 4.12 0.001 0.14

DEC3 (nr/min) 0.28±0.06 0.18±0.06 -55.6 4.12 0.001 0.09

DEC4 (nr/min) 0.13±0.02 0.11±0.03 -18.2 2.64 0.02 0.03

TD, total distance; HSR, high-speed running; ACC1, acceleration 1; ACC2, acceleration 2; ACC3, acceleration 3; ACC4, acceleration 4; DEC1, deceleration 1; DEC2,

deceleration 2; DEC3, deceleration 3; DEC4, deceleration 4; Bold means significant result.

https://doi.org/10.1371/journal.pone.0314076.t001
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Table 4. Comparisons between M4 and M5.

Measures M4 M5 % change t-value p-value Effect size

TD (m/min) 47.39±5.57 47.89±5.40 1.0 -0.25 0.81 7.76

HSR (m/min) 5.44±1.29 5.07±1.07 -7.3 1.19 0.26 1.19

ACC1 (nr/min) 1.10±0.20 1.10±0.14 0.0 -0.06 0.96 0.17

ACC2 (nr/min) 0.72±0.17 0.70±0.13 -2.9 0.52 0.61 0.13

ACC3 (nr/min) 0.27±0.04 0.26±0.05 -3.8 0.66 0.52 0.04

ACC4 (nr/min) 0.10±0.02 0.08±0.02 -25.0 2.90 0.01 0.02

DEC1 (nr/min) 1.02±0.22 1.02±0.17 0.0 0.12 0.90 0.19

DEC2 (nr/min) 0.66±0.12 0.66±0.11 0.0 -0.80 0.93 0.10

DEC3 (nr/min) 0.25±0.05 0.24±0.04 -4.2 0.46 0.65 0.05

DEC4 (nr/min) 0.13±0.03 0.10±0.03 -30.0 3.22 0.01 0.03

TD, total distance; HSR, high-speed running; ACC1, acceleration 1; ACC2, acceleration 2; ACC3, acceleration 3; ACC4, acceleration 4; DEC1, deceleration 1; DEC2,

deceleration 2; DEC3, deceleration 3; DEC4, deceleration 4; Bold means significant result.

https://doi.org/10.1371/journal.pone.0314076.t004

Table 2. Comparisons between M2 and M3.

Measures M2 M3 % change t-value p-value Effect size

TD (m/min) 50.09±6.28 52.68±6.70 4.9 -1.04 0.32 9.65

HSR (m/min) 4.33±1.01 5.22±1.51 17.0 -2.25 0.04 1.51

ACC1 (nr/min) 1.22±0.27 1.51±0.21 19.2 -3.19 0.01 0.34

ACC2 (nr/min) 0.75±0.15 0.85±0.13 11.8 -2.12 0.05 0.19

ACC3 (nr/min) 0.25±0.06 0.25±0.07 0.0 0.14 0.89 0.11

ACC4 (nr/min) 0.08±0.03 0.06±0.03 -33.3 1.99 0.07 0.03

DEC1 (nr/min) 1.11±0.27 1.32±0.24 15.9 -2.31 0.04 0.35

DEC2 (nr/min) 0.68±0.13 0.82±0.12 17.1 -3.72 0.003 0.14

DEC3 (nr/min) 0.18±0.06 0.28±0.09 35.7 -4.04 0.001 0.09

DEC4 (nr/min) 0.11±0.03 0.12±0.06 8.3 -0.88 0.39 0.05

TD, total distance; HSR, high-speed running; ACC1, acceleration 1; ACC2, acceleration 2; ACC3, acceleration 3; ACC4, acceleration 4; DEC1, deceleration 1; DEC2,

deceleration 2; DEC3, deceleration 3; DEC4, deceleration 4; Bold means significant result.

https://doi.org/10.1371/journal.pone.0314076.t002

Table 3. Comparisons between M3 and M4.

Measures M3 M4 % change t-value p-value Effect size

TD (m/min) 52.68±6.70 47.39±5.57 -11.2 2.53 0.03 8.05

HSR (m/min) 5.22±1.51 5.44±1.29 4.0 -0.56 0.59 1.55

ACC1 (nr/min) 1.51±0.21 1.10±0.20 -37.3 5.97 <0.001 0.26

ACC2 (nr/min) 0.85±0.13 0.72±0.17 -18.1 3.14 0.01 0.16

ACC3 (nr/min) 0.25±0.07 0.27±0.04 7.4 -0.85 0.41 0.08

ACC4 (nr/min) 0.06±0.03 0.10±0.02 40.0 -4.85 <0.001 0.03

DEC1 (nr/min) 1.32±0.24 1.02±0.22 -29.4 5.01 <0.001 0.23

DEC2 (nr/min) 0.82±0.12 0.66±0.12 -24.2 5.04 <0.001 0.12

DEC3 (nr/min) 0.28±0.09 0.25±0.05 -12.0 1.32 0.21 0.10

DEC4 (nr/min) 0.12±0.06 0.13±0.03 7.7 -0.38 0.71 0.05

TD, total distance; HSR, high-speed running; ACC1, acceleration 1; ACC2, acceleration 2; ACC3, acceleration 3; ACC4, acceleration 4; DEC1, deceleration 1; DEC2,

deceleration 2; DEC3, deceleration 3; DEC4, deceleration 4; Bold means significant result.

https://doi.org/10.1371/journal.pone.0314076.t003
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loads, fundamental for the development of explosive strength were included. When

designed appropriately where space, duration and game rules are manipulated, these types

of drills have previously proven to have a large physical component [26,27] that are ideal

soccer-specific activities during the pre-season and in-season. A recent study analyzed

female soccer teams training Ms and reported that the highest incidence of accelerations/

decelerations was produced on MD-5 training days for non-starters and MD-4 for starters

[28]. Therefore, further analysis into the training differences of daily external load is war-

ranted as recently suggested [4].

Regarding HSR (>15km/h) load during pre-season, the highest values were achieved dur-

ing M4, with slightly lower values during M5 (in-season). In female soccer competitions, play-

ers can cover 40 to 64% of the total distance in HSR (>15km/h), highlighting the importance

of players being adequately prepared to cope with these match demands by increasing staff

knowledge and tailoring training to replicate these demands [29]. The present results provide

information suggesting there is a gradual increase in HSR distances across pre-season, aimed

at establishing close to competitive match-play in order to positively impact HSR performance

during match-play. Previous research has found improvements in performance following a tai-

lored week of gradual reduction in HSR/sprint training load, thus reducing the volume of

30-m sprint distance [25].

The second study objective was to analyze the external load variation from M to M. When

M1 and M2 were compared, statistically significant differences in almost all external load vari-

ables, except ACC4 and DEC1, were observed. However, the positive variation was only

reported in HSR, while in all other variables, there was a reduction in external load from M1 to

M2. Furthermore, it should be noted that only total distance presented a very large effect size.

These results can potentially be explained by M1 consisting of 10 training sessions and one

match, while during M2, five training sessions and one match were completed. When compar-

ing M2 and M3, a positive and significant increase in HSR, ACC1, DEC1, DEC2 and DEC3

were reported. Similarly, from M3 to M4, an increase in neuromuscular activity, namely in the

external load variable ACC4 was found, while a decreases in ACC1, ACC2, DEC1 and DEC2

occurred. The total distance covered was also significantly reduced from M3 to M4, again as a

potential tapering strategy [24,25].

During the transition from pre-season (M1—M4) to in-season (M5), there was a general

reduction in training load, most significantly in high-intensity accelerations and decelerations.

During the pre-season Ms (M1—M4), the training emphasis was on increasing the players’

physical condition [30,31], complemented with individualized gym-based strength training

(referred to in the methodology). The training intensity was achieved mainly through small-

sided games, and was gradually increased from M1 until the last pre-season week (M4) in

order to expose players to these match-realistic actions to optimize players’ match perfor-

mance at the beginning of the official competition [24,25]. The last week of pre-season (M4)

was significantly modified to reduce all external load metrics in order to super-compensate

players in preparation for the initial competition period (M5) [14].

Despite the findings of the current study, there are some limitations that should be

highlighted. The number of Ms from the in-season period (one) is less than the number of

pre-season Ms (four). Only one senior female soccer team with 14 players was analyzed, sug-

gesting that the results are only associated with the examined team, thus all findings should be

cautiously interpreted, and the generalization to different leagues/countries must be carefully

considered [15]. However, the study findings can be an important contribution for coaches,

since the results of the present study reflect methodological decisions of planning and periodi-

zation in a senior female soccer team, considering players’ load during the pre-season phase in

preparation for optimal performance during in-season competition.
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Future studies should include a greater number of Ms at different phases of the season and

should include the evaluation of contextual variables known to affect physical output [32] and

other soccer specific data such as technical and tactical [33]. Previous research in female soccer

showed that accumulated training data, namely, distance at HSR, average speed, number of

accelerations and decelerations was meaningfully higher when the next match was played at

home, when compared with an away match. The same study also reported that the same exter-

nal load measures were significantly higher when the next result was a loss, which contrasted

with data from wins or draws [32]. However, a recent study in English Premier League male

soccer players showed that more high-intensity efforts were performed in a 3-5-2 formation

when compared with a 4-3-3 formation [33]. Such findings should also be considered in future

designs examining elite female soccer players. Finally, the design of the present study can be

extended to analyze different female teams across seasonal periods, as well as varying age

groups of both female and male soccer.

Conclusions

This study showed that in the first three pre-season Ms, players covered more total distance,

number of ACC1, ACC2, DEC1 and DEC2 than in M4 and M5. Moreover, there was an

increasing load from M1 to M4 for HSR and from M1 to M3 for ACC1, ACC2, DEC1 and

DEC2. Furthermore, from M3 to M4, total distance, HSR, ACC1, ACC2, DEC1, DEC2, DEC3

decreased. While ACC4 and DEC4 decreased from M4 to M5, the other measures remained

similar.

Therefore, an increase in training intensity as pre-season progressed was found, thus stabi-

lizing the initial competitive M (M5) and providing a smooth transition into the initial com-

petitive M, that had the objective of achieving optimal performance in the first official

competition were found.
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24. Beltran-Valls MR, Camarero-López G, Beltran-garrido J V, Cecilia-Gallego P. Effects of a Tapering

Period on Physical Condition in Soccer Players. J Strength Cond Res. 2020;34. https://doi.org/10.1519/

JSC.0000000000002138 PMID: 28704316

25. Marrier B, Robineau J, Piscione J, Lacome M, Peeters A, Hausswirth C, et al. Supercompensation

Kinetics of Physical Qualities During a Taper in Team-Sport Athletes. Int J Sports Physiol Perform.

2017; 12: 1163–1169. https://doi.org/10.1123/ijspp.2016-0607 PMID: 28121198

26. Santos F, Clemente FM, Sarmento H, Ferreira C, Figueiredo T, Hernández-Beltrán V, et al. External

load of different format small-sided games in youth football players in relation to age. Int J Sport Sci

Coach. 2024. https://doi.org/10.1177/17479541241231485

27. Espada MC, Gamonales JM, Verardi CEL, Filho DMP, Ferreira CC, Robalo RAM, et al. The effect of

pitch size manipulation during small sided-games performed by different age category football players:

a pilot study. J Mens health. 2023; 19: 1–10. https://doi.org/10.22514/jomh.2023.110

28. Winther AK, Baptista I, Pedersen S, Brito J, Randers MB, Johansen D, et al. An analysis of training load

in highly trained female football players. PLoS One. 2024; 19: 1–12. https://doi.org/10.1371/journal.

pone.0299851 PMID: 38547171

29. Panduro J, Ermidis G, Røddik L, Vigh-Larsen JF, Madsen EE, Larsen MN, et al. Physical performance

and loading for six playing positions in elite female football: full-game, end-game, and peak periods.

Scand J Med Sci Sport. 2021; 1–12. https://doi.org/10.1111/sms.13877 PMID: 33749045

30. Fessi MS, Nouira S, Dellal A, Owen A, Elloumi M, Moalla W. Changes of the psychophysical state and

feeling of wellness of professional soccer players during pre-season and in-season periods. Res Sport

Med. 2016; 24: 375–386. https://doi.org/10.1080/15438627.2016.1222278 PMID: 27574867

31. Lago-Peñas C, Sampaio J. Just how important is a good season start? Overall team performance and

financial budget of elite soccer clubs. J Sports Sci. 2015; 33: 1214–1218. https://doi.org/10.1080/

02640414.2014.986184 PMID: 25443809

32. Oliveira R, Ceylan Hİ, Fernandes R, Morgans R, Nobari H, Nalha M, et al. Do contextual factors influ-

ence running and accelerometry GPS based variables in professional women soccer players? A case

study about the effect of match location and result. Proc Inst Mech Eng Part P J Sport Eng Technol.

2023; 0: 1–9. https://doi.org/10.1177/17543371231194004

33. Morgans R, Radnor J, Fonseca J, Haslam C, King M, Rhodes D, et al. Match running performance is

influenced by possession and team formation in an English Premier League team. Biol Sport. 2024; 41:

275–286. https://doi.org/10.5114/biolsport.2024.135414 PMID: 38952911

PLOS ONE Load transition practices from pre-season to in-season

PLOS ONE | https://doi.org/10.1371/journal.pone.0314076 December 20, 2024 10 / 10

https://doi.org/10.1080/15438627.2021.1895781
http://www.ncbi.nlm.nih.gov/pubmed/33663313
https://doi.org/10.3390/healthcare10040695
http://www.ncbi.nlm.nih.gov/pubmed/35455872
https://doi.org/10.1249/MSS.0b013e31818cb278
https://doi.org/10.1249/MSS.0b013e31818cb278
http://www.ncbi.nlm.nih.gov/pubmed/19092709
https://doi.org/10.1123/ijspp.2014-0345
https://doi.org/10.1123/ijspp.2014-0345
http://www.ncbi.nlm.nih.gov/pubmed/25611789
https://doi.org/10.1123/ijspp.2018-0093
http://www.ncbi.nlm.nih.gov/pubmed/29848161
https://doi.org/10.1519/JSC.0000000000002138
https://doi.org/10.1519/JSC.0000000000002138
http://www.ncbi.nlm.nih.gov/pubmed/28704316
https://doi.org/10.1123/ijspp.2016-0607
http://www.ncbi.nlm.nih.gov/pubmed/28121198
https://doi.org/10.1177/17479541241231485
https://doi.org/10.22514/jomh.2023.110
https://doi.org/10.1371/journal.pone.0299851
https://doi.org/10.1371/journal.pone.0299851
http://www.ncbi.nlm.nih.gov/pubmed/38547171
https://doi.org/10.1111/sms.13877
http://www.ncbi.nlm.nih.gov/pubmed/33749045
https://doi.org/10.1080/15438627.2016.1222278
http://www.ncbi.nlm.nih.gov/pubmed/27574867
https://doi.org/10.1080/02640414.2014.986184
https://doi.org/10.1080/02640414.2014.986184
http://www.ncbi.nlm.nih.gov/pubmed/25443809
https://doi.org/10.1177/17543371231194004
https://doi.org/10.5114/biolsport.2024.135414
http://www.ncbi.nlm.nih.gov/pubmed/38952911
https://doi.org/10.1371/journal.pone.0314076

