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This study aimed to investigate the relationship between the acute to chronic workload ratio (ACWR), based upon participant session rating of perceived exertion (sRPE), using two models [(1) rolling averages (ACWRRA); and (2) exponentially weighted moving averages (ACWREWMA)] and the injury rate in young male team soccer players aged 17.1 ± 0.7 years during a competitive mesocycle. Twenty-two players were enrolled in this study and performed four training sessions per week with 2 days of recovery and 1 match day per week. During each training session and each weekly match, training time and sRPE were recorded. In addition, training impulse (TRIMP), monotony, and strain were subsequently calculated. The rate of injury was recorded for each soccer player over a period of 4 weeks (i.e., 28 days) using a daily questionnaire. The results showed that over the course of the study, the number of non-contact injuries was significantly higher than that for contact injuries (2.5 vs. 0.5, p = 0.01). There were also significant positive correlations between sRPE and training time (r = 0.411, p = 0.039), ACWRRA (r = 0.47, p = 0.049), and ACWREWMA (r = 0.51, p = 0.038). In addition, small-to-medium correlations were detected between ACWR and non-contact injury occurrence (ACWRRA, r = 0.31, p = 0.05; ACWREWMA, r = 0.53, p = 0.03). Explained variance (r
2) for non-contact injury was significantly greater using the ACWREWMA model (ranging between 21 and 52%) compared with ACWRRA (ranging between 17 and 39%). In conclusion, the results of this study showed that the ACWREWMA model is more sensitive than ACWRRA to identify non-contact injury occurrence in male team soccer players during a short period in the competitive season.
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INTRODUCTION

In contemporary soccer, it is important to understand the sport-specific physiological demands for performance development and injury prevention as the game has become much faster and demanding over the past two decades (e.g., soccer players typically run ~11 km per game with 30–40 short sprints, ~600 accelerations, ~25 high-intensity accelerations, ~600 decelerations, ~45 high-intensity decelerations, and more than 1,300 change of direction activities) (Barnes et al., 2014; Andrzejewski et al., 2015; Russell et al., 2016). The importance of adequate training regimes during pre- and in-season is required so that athletes are well-prepared for the season. This is particularly important in youth soccer given that growth and maturation in general and the individual timing and tempo of these two factors additionally predispose players to injury. There is evidence that injury rates are particularly high during puberty (Fort-Vanmeerhaeghe et al., 2016).

To be prepared for these requirements, it is recommended that soccer players train several times during the week and, to increase the chances of success, coaches implement specific training loads to challenge the boundaries of what players can achieve without exceeding what their bodies can tolerate (Ehrmann et al., 2016; Bowen et al., 2017). However, an appropriate balance between training, competition, and recovery is required to reach peak performances with minimal injury rates, but this is an elusive goal. Thus, understanding and monitoring training programs of soccer players are crucial to ensure that an optimal training load is applied (Gabbett and Ullah, 2012).

It is recommended to monitor young soccer players during training because an adequate load is essential for short-term performance development as well as for enabling the future potential of these athletes (Ehrmann et al., 2016). In fact, 30–50% of injuries are estimated to result from overuse during training and therefore, it is important to emphasize the correct monitoring of training variables (i.e., load) to optimize growth, development, and fundamental movement skills by reducing injury risk and rate (Fort-Vanmeerhaeghe et al., 2016).

The scientific literature provides different methods, which have previously established associations between measures of training load and injury rate in athletes. In many studies, the acute to chronic workload ratio (ACWR) was used (Hulin et al., 2015; Soligard et al., 2016; Enright et al., 2020; Griffin et al., 2020; Myers et al., 2020). The ACWR is an index of athletes’ training stress that evolved in relation to the fitness level in response to a training session as accrued through their chronic exposure to training (Gabbe et al., 2006). Even though critical reports exist on the ACWR (Hulin et al., 2015), the International Olympic Committee (IOC) has recommended using the ACWR to monitor injury and to provide athletes’ thresholds to minimize injury occurrence throughout training programs (Soligard et al., 2016).

The ACWR can be calculated using two models, the rolling average model (ACWRRA) and the exponentially weighted moving average model (ACWREWMA). The ACWRRA model is calculated by dividing the current workload (i.e., acute, 7-day workload) with respect to the workload that an athlete has completed for the current preparedness (i.e., chronic, 28-day workload). In contrast, the ACWREWMA model, which was first presented by Williams et al. (2017), determines ACWR by assigning a decreasing weighting for each older load value in order to give greater weighting to the recent load performed by the athlete.

The use of ACWR is based on the fitness-fatigue theory of the body’s response to training (Gabbe et al., 2006), and was developed to assist practitioners to better manage the preparation of athletes for competition while considering the risk of overtraining and injury (Hulin et al., 2015). The use of the ACWR has received a growing interest in recent years to monitor loads during competition and training and to determine injury in a variety of team sports. For this purpose, internal session rating of perceived exertion (sRPE) and external measures (tracking variables; i.e., GPS, time) are used (Blanch and Gabbett, 2016; Enright et al., 2020; Griffin et al., 2020; Myers et al., 2020).

To date, various studies explored the relationship between training load (i.e., acute and chronic) and injury occurrence in athletes using both ACWR models. Previously, Anderson et al. (2003) reported a moderate correlation between total training load and incidence of injury, within 1 week of training, in division III female basketball players using ACWRRA. In elite athletes, a number of studies previously explored potential associations between ACWR and injury rate. Findings from these studies are controversial in as much as some researchers found positive associations between ACWR and injury rate in sports, such as soccer (Bowen et al., 2017), American football (Carey et al., 2017; Colby et al., 2017; Murray et al., 2017), and rugby (Cross et al., 2016) and consequently postulated that the monitoring of workloads provides valuable information for injury occurrence, while other researchers were more critical because their data did not show any value of the ACWR to predict injury rate in athletes (Fanchini et al., 2018; Impellizzeri et al., 2020).

While previous studies aimed to clarify the relationship between training loads and injury rate in adult athletes, to date, there is limited research (Bowen et al., 2017; Delecroix et al., 2018) exploring the validity of ACWR monitoring for injury rate in youth soccer players during a competitive phase using both the ACWREWMA and ACWRRA models. Given the controversial findings in the literature with some studies reporting positive (Cross et al., 2016; Bowen et al., 2017; Carey et al., 2017; Colby et al., 2017; Murray et al., 2017; Griffin et al., 2020; Myers et al., 2020) while others negative associations between different ACWR models and injury rate in athletes (Fanchini et al., 2018; Impellizzeri et al., 2020), the aim of this study was to examine the relationship between two ACWR models (i.e., ACWRRA and ACWREWMA) and injury rate in young team soccer players during a short competitive period. With reference to the relevant literature (Foster, 1998; Enright et al., 2020), we hypothesized that particularly ACWREWMA could be related with injury rate during a competitive mesocycle.



MATERIALS AND METHODS


Participants

Data were collected from a semi-professional U-18 soccer team (N = 22, age: 17.1 ± 0.7 years, height: 175.4 ± 5.6 cm, body mass: 76.3 ± 6.4 kg). The team played competitive fixtures in the Second Division of the Iranian National League during the 2019 season. The soccer team included 25 players. Three of them were goalkeepers. Due to the different demands of their activities, the goalkeepers were excluded from this study. The remaining field players consisted of eight defenders (36.3%, two right full backs, two left full backs, and four center backs), nine midfielders (40.9%, four wingers, two defending midfielders, and three central midfielders), and five forwards (22.7%, three forwards, and two strikers). The sample size was calculated based on a previous study by Foster (1998) with an alpha level of 0.05, and an actual power (1-beta) of 0.80. A priori power analysis was computed using G × Power (Version 3.1.9.2, University of Kiel, Germany) and the t-test family. The analysis revealed that a total sample size of N = 21 would be sufficient to find significant and medium-sized correlations between workload and injury rate.

The players exercised according to their playing position throughout the study period. The training program was designed and prescribed by the team coaches. Each training session included a short warm up program, technical and tactical drills as well as a strength and conditioning program including linear sprints and plyometrics. All soccer players exercised at the same time according to the demands of their playing position (Table 1).



TABLE 1. Training program over the course of the observation period.
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Ethical approval was obtained from the research ethics committee of the University of Guilan, Iran. The study was conducted in accordance with the latest version of the Declaration of Helsinki.



ACWR Calculation

The ACWR of internal training load (i.e., sRPE) was calculated using two models including the rolling average (ACWRRA) and the exponentially weighted moving average (ACWREWMA). The ACWRRA was calculated by dividing the acute workload (1-week rolling workload data) by the chronic workload (the rolling 4-week average workload data) (Hulin et al., 2015; Foster et al., 2018; Myers et al., 2020).

The ACWREWMA was calculated as: EWMAtoday = Loadtoday × ƛa + [(1-ƛ) × EWMAyesterday]. In this formula ƛa is calculate by 2/(N + 1) ranging value between 0 and 1 that represents a decay rate to the load value (Murray et al., 2017; Williams et al., 2017). The N value is the chosen time decay constant including acute (1-week) and chronic (4-weeks) periods.

These approaches were used in the previous studies which applied ACWR models to clarify associations between training load and injury rate in team sports (Hulin et al., 2015; Soligard et al., 2016; Enright et al., 2020; Griffin et al., 2020; Myers et al., 2020).



Session Rating of Perceived Exertion

During the familiarization session, each player received instructions on how to use a modified Borg 10-point sRPE scale (Foster et al., 2001). For this purpose, standard instructions and anchoring procedures were explained (Asadi, 2014). A rating of 0 was associated with no exertion (rest) at all, and a rating of 10 was considered to be maximal exertion and associated with the most demanding exercise performed. Ten to twenty minutes following training sessions and games, players were asked “How was your perceived exertion in this session/game?” Players verbally indicated a number to rate their overall effort according to 0 = rest, 1 = very, very rest, 2 = easy, 3 = moderate, 4 = somewhat hard, 5 and 6 = hard, 7, 8, and 9 = very hard, and 10 = maximal. In addition, sRPE × training time in minutes was assessed for the definition of training impulse (TRIMP) (Foster et al., 2001).



Definition of Injury Occurrence

The medical staff of the soccer club classified all injuries (i.e., contact and non-contact), with injury reports recorded and updated on a daily basis throughout the study period. Injuries were categorized by injury type (non-contact vs. contact) and body site (injury location). Injuries were classified as follows: minimal (1–3 days of soccer activity missed), mild (4–7 days of soccer activity missed), moderate (1–4 weeks of soccer activity missed), and severe (4+ weeks of soccer activity missed) depending on the days of missed activities (Rogalski et al., 2013).



Statistical Analyses

Normality of data was tested using the Shapiro-Wilk’s test. If normality existed, we presented the data as mean and standard deviations (SDs). If not the data were presented as median and interquartile ranges (IQR). Due to the limited number of monitored injuries, the more conservative Spearman’s rank correlation coefficient was used to determine the relationships between training monitoring tools (i.e., ACWRRA and ACWREWMA) and injury occurrence. The magnitude of the correlations was considered 0.1–0.29, small; 0.30–0.49, medium; and >0.50, large (Chen and Popovich, 2002). A Kernel regression analysis was performed to determine the variance (r
2) in injury occurrence (i.e., non-contact injury) explained by the TRIMP, sRPE, training time, strain, ACWRRA, and ACWREWMA. All analyses were performed using SPSS statistics (IBM SPSS Software, v21.0, Armonk, NY, USA). The level of significance was set at p ≤ 0.05. The TRIMP was computed by multiplying the duration of each training session with the respective session RPE. This was computed for each player individually. The daily mean divided by the respective SD was calculated and used as an expression of monotony. The product of the weekly training load and monotony was calculated as strain. The weekly load was determined by multiplying the daily mean load by 7 (Foster, 1998).




RESULTS


Table 2 presents descriptive data for sRPE, training time, TRIMP, monotony, weekly load, and strain for both ACWR models. Figures 1, 2 contain data across the 28 days observation period for sRPE and ACWR, respectively. Table 3 provides information on the number of injuries for contact and non-contact injuries experienced during the study period. The results showed a significantly larger number of non-contact compared with contact injuries (p = 0.01).



TABLE 2. Workload parameters assessed and computed for this study.
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FIGURE 1. The session rating of perceived exertion (sRPE) over the course of the study period and the mean for each week. Data are presented as median and interquartile ranges (median-IQR). T, training session; R, rest; G, game; H, holiday.
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FIGURE 2. Acute to chronic workload ratio (ACWR). Data are presented as median-IQR. RA, rolling average; EWMA, exponentially weighted moving average.




TABLE 3. Classification of the identified injuries over the course of the study.
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The analysis revealed a positive medium-sized correlation between sRPE and training time (r = 0.411, p = 0.039). In addition, medium- and large-sized correlations were found between weekly sRPE and ACWRRA (r = 0.47, p = 0.049) as well as ACWREWMA (r = 0.51, p = 0.038). Likewise, medium-and large-sized correlations were found between the ACWR and injury occurrence during the competitive mesocycle (ACWRRA, r = 0.31, and p = 0.050; ACWREWMA, r = 0.53, and p = 0.03).

For ACWRRA, our findings indicated 17% (r
2 = 0.17, p = 0.7), 34% (r
2 = 0.34, p = 0.05), 39% (r
2 = 0.39, p = 0.048), and 27% (r
2 = 0.27, p = 0.56) of the explained variance for the sRPE, training time, TRIMP, and strain, respectively. For ACWREWMA, 21% (r
2 = 0.21, p = 0.052), 40% (r
2 = 0.40, p = 0.039), 52% (r
2 = 0.52, p = 0.018), and 28% (r
2 = 0.28, p = 0.05) of explained variance were found for sRPE, training time, TRIMP, and strain, respectively.



DISCUSSION

The aim of this preliminary study was to investigate the relationships between internal workload parameters and injury occurrence in young team soccer players throughout a 4-weeks competitive mesocycle. We found that the sRPE increased from day 1 to 28 and, that the mean sRPE increased from week 1 to 4, which indicates a progressive increase in training load for all players. In addition, TRIMP increased from week 1 to 4 following the scheduled periodized training program of the team coaches. Moreover, the current data revealed medium- to large-sized correlations between training time (min/week) and ACWR (both the ACWRRA and ACWREWMA) with sRPE, which indicates positive associations between training volume and sRPE, and between load periodization and sRPE in athletes. Further, we found significant medium- to large-sized relationships between measures of internal load and the number of non-contact injuries.

This study revealed that weekly sRPE is significantly and positively correlated with the ACWR score. This is in line with Foster et al. (2018) who reported positive large-sized correlations between the ACWR (both the ACWRRA and ACWREWMA models) and weekly sRPE (r = 0.6, p < 0.01) in females over a 4-week training period. In addition, Myers et al. (2020) examined junior tennis players and observed positive relationships between the ACWRRA and sRPE across the training period. Taking our findings together with those reported in the literature, it seems possible to postulate that sRPE is an appropriate marker to monitor training load.

The most important finding of this study was the medium- to large-sized relationship between ACWR and the number of non-contact injuries in young soccer players. Our results revealed that this association was larger for the ACWREWMA compared with the ACWRRA (r = 0.53 vs. 0.31). In line with our findings, Hulin et al. (2015), Bowen et al. (2017), and Murray et al. (2017) have previously shown significant and large-sized relationships between the ACWR and injury rate in elite male adult soccer and football players. In addition, Griffin et al. (2020) found that the ACWREWMA model is a more sensitive measure of ACWR in comparison to the ACWRRA model of team athletes. In contrast, Fanchini et al. (2018) and Impellizzeri et al. (2020) have reported that the monitoring of training loads using the ACWR has no scientific merit to predict injury risk and rate of athletes, which is why they recommended not to use ACWR methods in the context of injury prevention (Enright et al., 2020). Given the described discrepancy in the scientific literature, there is a general need to conduct more research on the ACWR. More specifically, the potential relationships of different ACWR models with injury risk and rate should continue to be scrutinized in future studies.

To date, it appears that ACWR <1 is associated with a lower injury occurrence in athletes and ACWR >1.5 appear to be associated with an increased injury rate (Hulin et al., 2015). In agreement with these findings, Malone et al. (2017) showed that increased weekly workloads resulted in an increased injury rate in professional soccer players. On the other hand, there were positive large associations between ACWR and injury occurrence in athletes, which indicated increased training load, induced greater injury rate in athletes (Hulin et al., 2015; Myers et al., 2020). Recently, Griffin et al. (2020) in a systematic review article explained the observed associations between the ACWR and injury in team sports. Findings of this study supported the association between the ACWR and non-contact injuries and more sensitive of EWMA model for monitoring training load as part of a larger scale multifaceted monitoring system. In addition, the majority of studies reported non-contact soft-tissue injuries following increases in ACWR (Gabbett, 2010).

Within the current literature, it has been suggested that when the chronic workload is much greater than the acute workload, it results in a low ACWR; i.e., a lower rate of injury can be observed (Murray et al., 2017). Conversely, increases in the ACWR result in a higher rate of injury (Bowen et al., 2017). Although, both the ACWR models demonstrated significant relationships with injury occurrence, there were notable differences between the ACWRRA and ACWREWMA models to injury occurrence. In this study, the ACWREWMA explained between 21 and 52% in variance (r
2) for the sRPE, training time, TRIMP, and strain, while the variance explained by the ACWRRA was minimally significant lower (between 17 and 39%). In line with these findings, Murray et al. (2017) and Griffin et al. (2020) reported that in-between ACWR models, the EWMA is a more sensitive measure than RA in injury occurrence of team athletes. With the continued advancement and use of modern monitoring technology, these findings provide useful information for strength and conditioning staff of young soccer teams to monitor the ACWR and its relationship with an individual player’s workloads and their injury rates.


Limitations

This preliminary study has a few methodological limitations that warrant discussion. First, the number of included athletes (i.e., 22 soccer players) was rather low, affecting the power of the study. However, we conducted the priori power analysis and showed that this number appears to be adequate to receive sufficient statistical power. Second, the observation period was rather short. Yet, other researchers have previously reported that 28 days (7:28 ratio) are sufficient to calculate RA and EWMA and to determine the relationship between workload variables and injury occurrence in soccer players (Delecroix et al., 2018; Griffin et al., 2020). Third, findings from this study are specific to U-18 male soccer players. More research is needed to identify whether our findings can be transferred to females and soccer players of different age categories. Finally, it would have been interesting to include other variables as an estimate for external training load such as GPS data. This should be done in future studies to verify our results. Taking these limitations together, we consider our findings preliminary and thus, there is a need for future work to refute or support our outcomes.




CONCLUSION

In conclusion, findings from this preliminary study demonstrated that the ACWR using sRPE and training time is easy-to-administer and useful as a measure to monitor injury occurrence in U-18 male soccer. The most important result of this study is that ACWRs calculated with exponential weighting have stronger correlations (associations) to injury occurrence than rolling averages in male team soccer players.
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TABLE 3 | Classification of the identified injuries over the course of the study.

site Non-contact Contact Injurytype Severity
Ankle/foot 2 1 Sprain Minimal
Knee 3 2 Jointinjury  Miid

Hip 4 0 Strain Minimal
Quadriceps 2 1 Strain Minimal
Hamstring 1 0 Strain Minimal
Gastrocnemius 3 0 Strain Minimal

Median (QR) ~ 2.5(1.75-3.26)"  0.5(0-1.25)

“Significant differences compared to contact injury (o

.07).
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TABLE 1 | Training program over the course of the observation period.

Monday  Tuesday Wednesday Thursday Friday Saturday Sunday
Momingsession  Recovery Individual finess  Technical-tactical Individual fitness  Individual finess  Indlvidual finess  Official game
Technical-tactical NG Technical-tactical  Technical-tactical  Technical-tactical
training training training training
Aftemoon session  Recovery  Video or Individual finess*  Specific training  Recovery Recovery Recovery
muliisciplinary
activities

Here, we exemplified 1 week of training. Incividual ftness: includes strength and conditioning exercises which were applied in accordance with the players” position on the pitch.
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TABLE 2 | Workload parameters assessed and computed for this study.

SRPE (scale)  Training time TRIMP* Monotony’ Weekly load Strain® Number of
(min) injuries
Week 1 4.0(1-6) 75(60-90) 300(150-400) 33 2,100 6930 3
Week 2 4.4(2-5) 90(60-90) 210(120-380) 23 1,470 3,381 3
Week 3 5.50-7) 80(60-90) 400(100-450) 30 2,800 8,400 4
Week 4 5.00-7) 85(60-100) 480(120-540) 50 3,360 16,800 5

Data are presented as median-IQR. SRPE, sessions rating of perceived exertion.
“TRIMP = RPE  training time.

*Monotony = daily mean load/standard deviation (SD).

“Weekly load = daily mean load x 7.

Strain = weekly load x monotony (Foster, 1996).
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