

[image: image1]
Acute and Chronic Workload Ratios of Perceived Exertion, Global Positioning System, and Running-Based Variables Between Starters and Non-starters: A Male Professional Team Study









 


	
	
ORIGINAL RESEARCH
 published: 17 March 2022
 doi: 10.3389/fpsyg.2022.860888






[image: image2]

Acute and Chronic Workload Ratios of Perceived Exertion, Global Positioning System, and Running-Based Variables Between Starters and Non-starters: A Male Professional Team Study

Hadi Nobari1,2,3*, Nader Alijanpour2, Alexandre Duarte Martins4,5,6 and Rafael Oliveira4,7,5


1Department of Physiology, School of Sport Sciences, University of Extremadura, Cáceres, Spain


2Department of Exercise Physiology, Faculty of Educational Sciences and Psychology, University of Mohaghegh Ardabili, Ardabil, Iran


3Sports Scientist, Sepahan Football Club, Isfahan, Iran


4Sports Science School of Rio Maior, Polytechnic Institute of Santarém, Rio Maior, Portugal


5Life Quality Research Centre, Rio Maior, Portugal


6Departamento de Desporto e Saúde, Escola de Saúde e Desenvolvimento Humano, Comprehensive Health Research Centre (CHRC), Universidade de Évora, Évora, Portugal


7Research Centre in Sport Sciences, Health Sciences and Human Development, Vila Real, Portugal


Edited by:
 Khaled Trabelsi, University of Sfax, Tunisia

Reviewed by:
 Júlio Alejandro Costa, Portuguese Football Federation, Portugal
 Yousri Elghoul, University of Sfax, Tunisia

*Correspondence: Hadi Nobari, hadi.nobari1@gmail.com 

Specialty section: This article was submitted to Movement Science and Sport Psychology, a section of the journal Frontiers in Psychology


Received: 23 January 2022
 Accepted: 18 February 2022
 Published: 17 March 2022

Citation: Nobari H, Alijanpour N, Martins AD and Oliveira R (2022) Acute and Chronic Workload Ratios of Perceived Exertion, Global Positioning System, and Running-Based Variables Between Starters and Non-starters: A Male Professional Team Study. Front. Psychol. 13:860888. doi: 10.3389/fpsyg.2022.860888
 

The study aim was 2-fold (i) to describe and compare the in-season variations of acute: chronic workload ratio (ACWR) coupled, ACWR uncoupled, and exponentially weighted moving average (EWMA) through session-rated perceived exertion (s-RPE), total distance (TD), high-speed running distance (HSRD), and sprint distance across different periods of a professional soccer season (early, mid, and end-season) between starters and non-starters; (ii) to analyze the relationship the aforementioned measures across different periods of the season for starters and non-starters. Twenty elite soccer players (mean ± SD age, 29.4 ± 4.4 y; height, 1.8 ± 0.1 m; and body mass, 74.8 ± 2.3 kg). They were divided into starter and non-starter groups and were evaluated for 20 weeks. ACWR had general changes throughout the season. At the beginning and end of the mid-season, the highest ACWR was observed in three parameters: s-RPE, TD, and HSRD. ACWR and EWMA through sprint distance were higher at the beginning of the early-season than at any other time of the season.

The ACWR coupled of s-RPE shows a significant higher value for non-starters than starters (p = 0.015; g = −1.01 [−1.98, −0.09]) and the ACWR coupled of TD shows a significant higher value for starters than non-starters in early-season (p < 0.01; g = 3.01 [1.78, 4.46]) and shows a significant higher value for non-starters than starters in mid-season (p < 0.01; g = −2.52 [−3.83, −1.39]), and end-season (p < 0.01; g = −2.57 [−3.89, −1.43]). While the EWMA of TD shows a significant higher value for starters than non-starters in early-season (p < 0.01; g = 2.25 [1.17, 3.49]) and mid-season (p < 0.01; g = 2.42 [1.31, 3.71]), and shows a significant higher value for non-starters than starters in end-season (p < 0.01; g = −2.23 [−3.47, −1.16]). Additionally, we found some correlations between external and internal load measures during three periods of the in-season. The study’s main finding was that the indexes of ACWR and EWMA were useful to detect differences between period and between playing status with the exception for the sprint variable. In addition, the necessary work for non-starter players’ improvement is not done during training, and these players lose their readiness as the season progresses. Consequently, these players perform poorly during the match. Therefore, coaches and their staff should consider devising new activities to keep non-starter players physically fit. This deficit must be accounted for in training because they compete in fewer matches and have less burden than starters.
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INTRODUCTION

Nowadays, monitoring and assessment of professional soccer players are common and mandatory practices to quantify the impact of training and match loads on the players (Miguel et al., 2021) and for better load adjustments (Burgess, 2017; West et al., 2020).

The quantification of external and internal load allows to determine intra- and inter-week variations of the players (Akenhead and Nassis, 2016). Some examples of external load could be associated with the global positioning system (GPS) measures such total distance and running distance variables while internal load is associated with the external load effect of the body that could be measure by rated perceived exertion (RPE) or hear rate (Miguel et al., 2021).

One way to identify intra- and inter-week variations is through the acute: chronic workload ratio (ACWR) that provided the relationship between the load of the last/current week (acute load) with the load of the last 4 weeks (28 days, chronic load). By other words, this version of ACWR uses a coupled formula, which consist in dividing the acute workload (i.e., the 1-week rolling workload data), by the chronic workload (i.e., the rolling 4-week average workload data; Gabbett et al., 2016; Hulin et al., 2016). Another way to identify week variations is through the uncoupled version of ACWR. In this version, chronic load does not consider the most recent week which means that weekly acute workload (i.e., the accumulated daily loads during 1 week) is divided by the weekly chronic load (i.e., average of the three preceding weeks; Windt and Gabbett, 2019). Finally, the most recent way to analyze such variations is through the exponentially weighted moving average (EWMA; Williams et al., 2017). EWMA also contemplated the calculation of acute and chronic loads, but it attributes a decreasing weight for older load values. This detail accounts for loss of fitness and gain of fatigue over time (Williams et al., 2017).

Originally, the developments of such ratios were based to predict injury risk; however, recent research found limitations in such predictions (Fanchini et al., 2018; Impellizzeri et al., 2020). Based on that, some longitudinal studies in soccer have been reporting seasonal variations of those workload measures (Nobari et al., 2021a,e,g; Oliveira et al., 2021b). But those studies had some similar limitations such the small sample size or the one team analysis which makes difficult to generalize results and it suggests that more studies should be developed in this field.

Nonetheless, the studies mentioned before found several variations over the season. For instance, two studies analyzed ACWR of player load measure for starters and non-starters throughout the early-, mid-, and end-season periods of a professional team. The authors found significant differences between season periods for ACWR with higher values being found at the beginning of the season. Starters showed little variation while non-starters displayed higher variation across the season (Nobari et al., 2021a,e). Other study conducted in under-16 players also analyzed ACWR of session-RPE (s-RPE) through early-, mid-, and end-season periods and found higher values in early > mid > end-season (Nobari et al., 2021g). With a different approach, a study in under-17 soccer players found similar values during 10 mesocycles of the in-season (Martins et al., 2021).

As mentioned before, those ratios could be influenced by several situational factors such as players status (starter or non-starter players). For example, two studies (Nobari et al., 2021a,e) found higher values for starters than non-starters in early-season period through the ACWR calculated with body load, while Oliveira et al. (2021b) did not any significant difference between player status across 10 mesocycles of the in-season through the ACWR calculated through s-RPE, total distance (TD), and high-speed running distance (HSRD). Moreover, in under-17 soccer players, it was only found two differences between starters and non-starters across 10 mesocycles of the in-season for ACWR of s-RPE. Specifically, one mesocycle showed higher values for starters and another for non-starters (Martins et al., 2021).

Furthermore, the analysis of playing status emerged through other variables such as monotony, strain, or accumulated load. Even so, it has been showed a tendency of higher values for starters compared to non-starters (Nobari et al., 2020, 2021d,f).

To the best knowledge of the authors, only one study analyze ACWR ratios through the measures of s-RPE (internal load), HSRD, and total distance (TD) but without the use of uncoupled ACWR or EWMA calculations (Oliveira et al., 2021b). For those reasons, it is necessary to produce research that analyze those ratios and that tries finding out the relationships between external and internal measures.

Therefore, the purpose of this study was 2-fold: (a) to describe and compare the in-season variations of ACWR coupled, ACWR uncoupled, and EWMA through s-RPE, TD, HSRD, and sprint distance across different periods of a professional soccer season (early-season, mid-season, and end-season) between starters and non-starters; (b) to analyze the relationship the aforementioned measures across different periods of the season for starters and non-starters. We hypothesized that the weekly workload variations in starters would be greater than in non-starters and that starters would withstand more acute and chronic loads than non-starters in all periods of the season. Additionally, we hypothesized that internal workload ratios would be correlated with external workload ratios.



MATERIALS AND METHODS


Participants

Twenty elite soccer players from the First League of Iran (Asian) participated in this study. They were divided into two groups: starters (n = 10, age 30.0 ± 4.9 years, 1.80 ± 0.02 m, and 73.6 ± 1.5 kg) and non-starters (n = 10, age 28.8 ± 3.9 years, 1.8 ± 0.1 m, and 76.4 ± 3.3 kg). The inclusion criteria were regular participation in 80% of weekly training sessions (Clemente et al., 2017). The exclusion criteria included as: (i) players with prolonged injury or a lack of participation in training for at least two consecutive weeks (two players were removed based on this criterion); (ii) goalkeepers were excluded from the study due to differences in training and match demands (one player was removed bases on this criteria).

The criteria to define starters and non-starters were assessed week by week to a player’s attendance time in three consecutive matches (≥60 min in each match), while non-starters were considered those who did not achieve this duration based on previous studies (Martins et al., 2021; Nobari et al., 2020, 2021c; Oliveira et al., 2021a,b).

All participants were familiarized with the training protocols prior to investigation. Moreover, they provided written consent to participate in this study which was conducted according to the requirements of the Declaration of Helsinki and was approved by the University of Isfahan research ethics committee.



Experimental Design

The present study is a cohort study with a descriptive-longitudinal approach. The players were monitored for 20 consecutive weeks during in-season. For the purposes of the present study, all training sessions conducted during the main team sessions were considered. Data from rehabilitation or recuperation were excluded. Duration of training sessions included warm-up stages (jogging, stretching in the large leg and upper body muscles, working with the ball under the supervision of technical staff for warm-up, and dynamic stretching, 10–15 m sprints), the main stage of training (included tactic exercises under the supervision of the head coach and technical staff or physical exercises in the weight room or on the training ground under the supervision of the head coach and technical staff), and cooling down (jogging, static stretching, muscle relaxation, and trying to reduce heart rate). Researchers standardized only the first and last 30 min (before and after each training session). Information on all stages of the exercise was recorded using a GPS device and transferred to a computer for review.

This study includes data from the beginning of the early-season (30 October 2017) that lasted until the end of the season (18 March 2018). The in-season was organized into three periods: early-season (weeks 1–7); mid-season (weeks 8–13); and end-season (weeks 14–20; Table 1).



TABLE 1. Description of the present study.
[image: Table1]

The number of the weeks and training sessions, number of competitive matches, and total training duration (in average and total values) for starters and non-starters are presented in Table 1.



External Load Monitoring

During the season, all training and match sessions were monitored using GPS [GPSPORTS systems Pty Ltd., Model: SPI High-Performance Unit (HPU); Australian]. This model includes 15 Hz position GPS and a tri-axial accelerometer. According to a previous study, this device has a high validity and reliability (Williams and Tessaro, 2018). There were no reported adverse weather conditions to affect data collection. Prior to the start of the match, belts were placed on the players’ shoulder and chest. After each cool down session at the end of the training, the belts were collected from the players. All belts were checked by the team’s GPS manager and then entered into the dock system to download the information, which was then stored on the computer with the Team AMS software. The data from each session were automatically deleted from the belt memory after download. Prior to the next session, the belts were placed in an electric charge station. The SPI IQ Absolutes were adjusted for GPS default zone throughout the season. Also, the personal characteristics (such as height and weight) of each player were entered in the software and each player registered a belt in his own name for using until the end of the season.



Internal Load Monitoring

Players were daily monitored for their RPE using the CR-10 Borg’s scale (Borg, 1970), adapted by Foster et al. (2001). Previous study demonstrated the validity and reliability of this scale to estimate the session intensity (Kelly et al., 2020). Thirty minutes after the end of each training session, players rated their RPE value using an app on a tablet. The scores provided by the players were also multiplied by the training duration to obtain the s-RPE (Bresnan and Mchombo, 1995; Foster et al., 2001). The players were previously familiarized with the scale, and all the answers were provided individually to avoid non-valid scores.



Calculations of Training Indexes

Through s-RPE, total distance, HSRD, and sprint distance, the following variables were calculated as: (i) ACWR, using coupled formula: dividing the acute workload (i.e., the 1-week rolling workload data), by the chronic workload (i.e., the rolling 4-week average workload data; Hopkins et al., 2009; Dupont et al., 2010; Impellizzeri et al., 2020; Myers et al., 2020; Dalen-Lorentsen et al., 2021); (ii) ACWR using uncoupled formula: dividing the weekly acute workload (i.e., the accumulated daily loads during 1 week), by the weekly chronic load (i.e., average of the three preceding weeks; Windt and Gabbett, 2019); and (iii) exponentially weighted moving averages (EWMA; Williams et al., 2017). The EWMA for a given day was calculated as:
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Where [image: image] is a value between 0 and 1 that represents the degree of decay, with higher values discounting older observations in the model at a faster rate. The [image: image] is calculated as:
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Where N is the chosen time decay constant, typically 7 and 28 days for acute (“fatigue”) and chronic (“fitness”) loads, respectively (Murray et al., 2017; Williams et al., 2017).



Statistical Analysis

Descriptive statistics were used as mean ± standard deviation (SD) and 95% confidence interval (CI) to characterize the sample. Shapiro–Wilk was used to test normality of results. The relationship between all variables at the different periods was verified using bivariate correlations through Pearson product–moment correlation coefficient (r; Cohen and Cohen, 1983). The effect size of the correlations was determined by the following thresholds: <0.1 = trivial; 0.1–0.3 = small; > 0.3–0.5 = moderate; > 0.5–0.7 = large; > 0.7–0.9 = very large; and > 0.9 = nearly perfect (Batterham and Hopkins, 2006; Hopkins et al., 2009).

All variables obtained a normal distribution (Shapiro–Wilk>0.05). For that reason, repeated measures ANOVA followed by Bonferroni post-hoc test were used to compare variables for periods of the in-season and groups [2 groups (starters vs. non-starters) × 3 data points (early vs. mid vs. end-season)] (Nobari et al., 2020; Martins et al., 2021; Oliveira et al., 2021b; Nobari et al., 2021c). The results were significant for a p ≤ 0.05. Hedge’s g effect size (ES) was also calculated to determine the magnitude of pairwise comparisons. The following criteria was used as: The Hopkins threshold was utilized as follows: g ≤ 0.2, trivial; 0.2 < g ≤ 0.6, small; 0.6 < g ≤ 1.2, moderate; 1.2 < g ≤ 2.0, large; 2.0 < g ≤ 4.0, very large; and g > 4.0, nearly perfect (Hopkins et al., 2009).

All data were analyzed using IBM SPSS Statistics [version 22, IBM Corporation (SPSS Inc., Chicago, IL)].




RESULTS

Figures 1–4 show an overall view of the weekly average for ACWR coupled, ACWR uncoupled, and EWMA calculated through s-RPE, total distance, HSRD, and sprint distance across different periods of a professional soccer season (early-season, mid-season, and end-season). Overall, Figure 1 shows that the highest ACWR coupled of s-RPE occurred in week 17 (1.74 AU, end-season) and week 19 for non-starters (1.68 AU, end-season), while the lowest value occurred in week 14 for starters (0.67 AU, end-season) and week 4 for non-starters (0.66 AU, early-season). The highest ACWR uncoupled of s-RPE occurred in week 17 (2.32 AU, end-season) for starters and week 13 (1.71 AU, mid-season), while the lowest value occurred in week 14 (0.58 AU, end-season) for starters and weeks 4 and 14 (0.61 AU, early and end-season, respectively). The highest EWMA of s-RPE occurred in week 20 (end-season) for both starters and non-starters (1.46 and 1.31 AU, respectively), while the lowest value occurred in week 7 (early-season) for both starters and non-starters (0.94 and 0.89 AU, respectively).

[image: Figure 1]

FIGURE 1. ACWR coupled (A) and uncoupled (B), and EWMA (C) variations calculated through the s-RPE across 20-week starters and non-starters. #Denotes significant difference between starters and non-starters.
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FIGURE 2. ACWR coupled (A) and uncoupled (B), and EWMA (C) variations calculated through the total distance across 20-week starters and non-starters. #Denotes significant differences between starters and non-starters.
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FIGURE 3. ACWR coupled (A) and uncoupled (B), and EWMA (C) variations calculated through the HSRD across 20-week starters and non-starters. #Denotes significant differences between starters and non-starters.


[image: Figure 4]

FIGURE 4. ACWR coupled (A) and uncoupled (B), and EWMA (C) variations calculated through the sprint distance across 20-week starters and non-starters.


Figure 2 shows that the highest ACWR coupled of total distance occurred in week 17 (1.33 AU, end-season) and week 11 for non-starters (1.53 AU, mid-season), while the lowest value occurred in week 15 for starters (0.55 AU, end-season) and week 4 for non-starters (0.70 AU, early-season). The highest ACWR uncoupled of TD occurred in week 17 (1.50 AU, end-season) for starters and week 11 (1.88 AU, mid-season), while the lowest value occurred in week 15 (0.48 AU, end-season) for starters and weeks 2 for non-starters (0.59 AU, early-season). The highest EWMA of TD occurred in week 1 (early-season) for both starters and non-starters (1.00 AU), while the lowest value occurred in week 16 for starters (0.68 AU, end-season) and week 9 for non-starters (0.69 AU, mid-season).

Figure 3 shows that the highest ACWR coupled of HSRD occurred in week 14 (2.04 AU, end-season) and week 9 for non-starters (2.22 AU, mid-season), while the lowest value occurred in week 13 (mid-season) for both starters and non-starters (0.56 and 0.63 AU, respectively). The highest ACWR uncoupled of HSRD occurred in week 14 (3.19 AU, end-season) for starters and week 9 (4.24 AU, mid-season), while the lowest value occurred in week 7 (early-season) for both starters and non-starters (0.49 and 0.56 AU, respectively). The highest EWMA of HSRD occurred in week 17 (1.85 AU, end-season) and week 11 for non-starters (1.88 AU, mid-season), while the lowest value occurred in week 7 (early-season) for both starters and non-starters (0.99 and 0.90 AU, respectively).

Figure 4 shows that the highest ACWR coupled of SD occurred in week 3 (early-season) for both starters and non-starters (1.49 and 1.60 AU, respectively), while the lowest value occurred in week 5 for starters (0.67 AU, early-season) and week 4 for non-starters (0.58 AU, early-season). The highest ACWR uncoupled of sprint distance occurred in week 3 (early-season) for both starters and non-starters (2.06 and 2.51 AU, respectively), while the lowest value occurred in week 5 (0.61 AU, early-season) for starters and week 4 for non-starters (0.51 AU, early-season). The highest EWMA of sprint distance occurred in week 3 (early-season) for both starters and non-starters (1.28 and 1.48 AU, respectively), while the lowest value occurred in week 1 (early-season) for both starters and non-starters (1.00 AU).

Table 2 shows differences between starters and non-starters during the periods of the in-season for all variables. Regarding ACWR uncoupled of s-RPE, EWMA of s-RPE, EWMA of HSRD, ACWR coupled of sprint distance, ACWR uncoupled of sprint distance, and EWMA sprint distance, there were no significant differences between starters and non-starters.



TABLE 2. Differences between starters and non-starters during the periods of the in-season, mean ± SD [95% CI].
[image: Table2]

The ACWR coupled of s-RPE shows a significant higher value for non-starters than starters in mid-season (F = 7.35; p = 0.014; g = −1.01 [−1.98, −0.09]). The ACWR coupled of TD shows a significant higher value for starters than non-starters in early-season (F = 47.32; p < 0.01; g = 3.01 [1.78, 4.46]) and shows a significant higher value for non-starters than starters in mid-season (F = 25.82; p < 0.01; g = −2.52 [−3.83, −1.39]) and end-season (F = 27.65; p < 0.01; g = −2.57 [−3.89, −1.43]).

The ACWR uncoupled of TD shows a significant higher value for starters than non-starters in early-season (F = 41.38; p < 0.01; g = 2.42 [1.31, 3.71]) and shows a significant higher value for non-starters than starters in mid-season F = 31.90; (p < 0.01; g = −2.28 [−3.54, −1.19]) and end-season (F = 25.96; p < 0.01; g = −2.26 [−3.50, −1.18]).

EWMA of TD shows a significant higher value for starters than non-starters in early-season (F = 22.87; p < 0.01; g = 2.25 [1.17, 3.49]) and mid-season (F = 21.21; p < 0.01; g = 2.42 [1.31, 3.71]) and shows a significant higher value for non-starters than starters in end-season (F = 25.61; p < 0.01; g = −2.23 [−3.47, −1.16]).

The ACWR coupled of HSRD shows a significant higher value for starters than non-starters in early-season (F = 6.52; p = 0.020; g = 1.30 [0.36, 2.33]) and end-season (F = 4.89; p = 0.040; g = 0.96 [0.05, 1.92]) and shows a significant higher value for non-starters than starters in mid-season (F = 44.58; p < 0.01; g = −2.75 [−4.14, −1.58]).

Finally, the ACWR uncoupled of HSRD shows a significant higher value for non-starters than starters in mid-season (F = 28.75; p < 0.01; g = −2.23 [−3.46, −1.15]) and shows a significant higher value for starters than non-starters in end-season (F = 13.61; p = 0.002; g = 1.63 [0.65, 2.72]).

Table 3 shows the correlation coefficient of all measures in the study for the starter’s status.



TABLE 3. Correlation analysis between external and internal load measures during three periods of the in-season for the starter’s status.
[image: Table3]

Table 4 shows the correlation coefficient of all measures in the study for the non-starter’s status.



TABLE 4. Correlation analysis between external and internal load measures during three periods of the in-season for the non-starter’s status.
[image: Table4]



DISCUSSION

The study aim was (a) to describe and compare the in-season variations of ACWR coupled, ACWR uncoupled, and EWMA through s-RPE, TD, HSRD, and sprint distance across different periods of a professional soccer season (early-season, mid-season, and end-season) between starters and non-starters; (b) to analyze the relationship the aforementioned measures across different periods of the season for starters and non-starters. The major findings from the study support our first hypothesis, given that there are some significant differences between starters and non-starters. Regarding our second hypothesis, there also were some correlations found between internal and external workload ratios for some periods, but not all workload measures showed such relationships.

Soccer is a regular and very complex system that requires constant monitoring of players’ workloads during training and especially intensive matches (Clemente et al., 2021; Silva et al., 2021). Regular monitoring of workloads allows coaches to monitor progress, training path and matches load, and to better design training based on tactical demands and team needs (Silva et al., 2021). According to Figures 1–3, most of the increases in ACWR of the parameters under consideration (s-RPE, TD, and HSRD) occurred at the beginning and end of the mid-season and at the beginning of the end-season. Also, considering the results of the season games and the existence of a draw and a loss at the beginning of the mid-season and the existence of two losses at the end of the mid-season, in order to compensate for the loss and results in the mentioned two periods, coaches have changed their game and/or training model and this has increased ACWR, consequently. These results are in line with previous studies that reported, the results of the games affect the coaches ‘expectations of the players and the game system, as well as the players’ morale, and can affect the perceived pressure, the amount of running, and other parameters (Martins et al., 2021; Silva et al., 2021).

According to Figure 4, ACWR coupled, ACWR uncoupled, and EWMA through sprint distance were higher at the beginning of the early-season than at any other time of the season. The probable reason for these findings could be less fatigue of players and their high readiness at the beginning of the season and as a result of high speeds in sprints and ball possession courses (Aquino et al., 2021).

Considering the effect size and significance level shown in Table 2, ACWR of s-RPE throughout the season shows a significantly higher value for non-starters than starters. This indicates that non-starters experienced more pressure than a certain load during the match or training. Probably due to the tightness of the matches, the use of non-starter players (as substitute players) has increased, and due to the low readiness of these players, this has caused more pressure on the non-starter players (Martins et al., 2021).

ACWR of total distance and HSRD parameters shows a significantly higher value for starters than non-starters in early-season. Also, the mentioned parameters show a significantly higher value for non-starters than starters in mid- and end-season. These results show that the non-starters have shown more workload as the season progresses. The use of non-starters in games and training has probably increased with the season’s progress to the end-season and with the fatigue or injury of starter players, which has increased the acute and chronic workload in non-starter players.

However, in the ACWR of sprint distance, no significant difference was observed between the two groups in all periods of the season (Table 2). It is also worth noting that 90 percent of professional soccer players’ sprints were under 5 s, with only 10% above 5 s. Analysis of physical loads of soccer players during matches can be useful for individualization of training of soccer players’ speed capabilities (Andrzejewski et al., 2013). It seems that since the training of the players of both groups is done together and there is no difference in the training of these players, in the ACWR of sprint distance, there is no significant difference between the players of the two groups (Aquino et al., 2021).

According to the information in Tables 3 and 4, a weak correlation and in most cases a negative correlation between external and internal load were recorded for starter players in all periods of the season (Table 3). For non-starter players (Table 4), a weak but mostly positive correlation was recorded between internal and external load in all periods of the season except mid-season. In mid-season, large and very large correlations were observed between ACWR coupled sprint and ACWR coupled s-RPE, ACWR uncoupled s-RPE, and EWMA s-RPE. Also, a very large correlation was observed between ACWR uncoupled sprint with ACWR coupled s-RPE and ACWR uncoupled s-RPE, and a large correlation was recorded in the EWMA sprint parameter with ACWR uncoupled s-RPE.

There are limitations in the present study that need to be addressed for future studies. The small number of sample size due to the limited number of players in a professional team was one of the limitations which has often been common and reported in longitudinal studies over a full season of professional competition (Nobari et al., 2020; Oliveira et al., 2021b). Also, the difference in the playing position of the players in the team has not been analyzed, while in tactics and game systems, winger positions and wide defenders have more effort and running than other players (Clemente et al., 2020; Nobari et al., 2020). In addition, the amount of sleep and the quality of nutrition of the players during the week could not be controlled, while the quality of sleep and the type of nutrition could have affected the perception of pressure, the mood of the players, and the quality of their training (Nobari et al., 2021b). Finally, a suggestion for future studies could be defining covariates to apply a repeated measures correlation which could reveal other interesting results by determine the within-individual association for paired measures assessed on two or more time points for multiple individuals (Bakdash and Marusich, 2017).



CONCLUSION

As a conclusion, it seems that ACWR derived from s-RPE, total distance, high-speed running distance, and sprint distance in soccer players should be given more attention and analysis because according to the results obtained, it seems that these variables can be used to monitor the training variations and physical fitness of players. Specifically, indexes based on sprint did not allow to detect differences between playing status and the coupled version of ACWR derived from s-RPE was the only to detect differences between starters and non-starters, while the remaining variables detect differences independently or the index and variable.

As a practical application, the study’s key finding was that crucial work for non-starter players’ improvement is not done during training during the season, and these players lose preparation as the season advances. Thus, coaches should focus more on the type of training for players need to perform better when they were selected to participate in matches which will allow a better performance during the in-season. Consequently, they will have a chance to compete with the starters for a starting slot.
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