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Abstract: The aim of this study was twofold: i) to compare the workload between injury condition and the control condition in professional Brazilian soccer players, and ii) to analyze the risk of muscle-tendon injury associated with increased weekly workload. Twenty-three muscle-tendon injuries related to 15 professional Brazilian soccer players were considered for this retrospective study. Muscle-tendon injuries were recorded according to the International Olympic Committee (IOC) guidelines, and the weekly accumulated workload was recorded through Global Position System devices. Higher weekly values of total distance (TD, 12.96%), high-intensity running (HIR, 16.06%) and high-speed running (HSR 29.46%) were observed for the injury condition when compared to the control condition. Furthermore, it was found that the risk of suffering a muscle-tendon injury is reduced by 56.77% (RR = 1.44) when the weekly TD is below 26698.6 m, by 45.1% (RR = 1.45) when the weekly HIR is below 3048.3 m, and by 17.86% (RR = 1.82) when the weekly HSR is below 1228.8 m. These results suggest that strength and conditioning coaches should adjust the training running demands based on the values related with an increased injury risk, considering the running demands from matches and avoiding abrupt changes in workload.
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1. Introduction
During soccer practice, players are exposed to large volumes of repetitive high-intensity actions such as sprinting, jumping or changes of direction (Pons et al., 2021). These demands make soccer a risky team sport (Raya-González, de Ste Croix, Read, & Castillo, 2020). In this regard, López-Valenciano et al. (2019) stablished the overall incidence of injuries in professional male soccer players in 8.1 injuries/1000 h of exposure, with a higher injury incidence in matches (36 injuries/1000 h of exposure) than in training (3.7 injuries/1000 h of exposure). Muscle-tendon injuries were found to be the most common injury type in professional soccer, with an incidence rate of 4.6 injuries/1000 h of exposure. In addition, these injuries represent approximately the 54% of total injuries in soccer (Noya, Gómez-Carmona, Gracia-Marco, Moliner-Urdiales, & Sillero-Quintana, 2014). This highlights the significance of muscle-tendon injuries as a major concern for soccer teams and their coaches’ staff.  

Injuries negatively impact to sportive performance in soccer players and economic losses in clubs, representing one of the major problems that players must face throughout their careers (Ekstrand, Hägglund, & Waldén, 2011). A study conducted by Raya-González et al. (2022) analyzed 207 injuries sustained by professional male soccer players of the Spanish LaLiga™ and they found significant decreases in the maximum velocity after moderate (i.e., 2.33%) and major (i.e., 3.97%) injuries. Furthermore, Hägglund et al. (2013) revealed that injuries have a detrimental effect on team performance of top European soccer teams, showing that teams with higher players’ availability achieved more points per league match and experienced greater success in the UEFA Champions League or Europa League championships. Additionally, Ekstrand (2013) highlighted the financial impact of injuries, not only from the medical, surgical and rehabilitation costs but also due to the high salaries that players receive during their absence period. Moreover, Bahr & Holme (2003) showed that injured players are at greater risk of reinjury, while Øiestad et al. (2018) emphasized that injuries have long-term negative health consequences, which negatively impact the players’ quality of life and career. Due to the significant impact of injuries, strength and conditioning coaches should prioritize strategies to minimize injury risk in soccer players.

Among the different strategies aimed at reducing the risk of injury in soccer players, training load monitoring has emerged as a key factor (Malone et al., 2018), including the assessment of abrupt week-to-week changes in certain running variables (Gabbett, 2016). As such, it is relevant to understand the training load exposed to players when they do not suffer an injury in comparison to the training load during the week previous to the injury occurs. Prior researches have shown different results in this regard. For example, Malone et al. (2018) reported that significant and abrupt increases in high sprint running (HSR) and sprint distances (SD) were associated with higher odds ratio for injury. Similarly, Ehrmann et al. (2016) observed that injured players covered a greater distance per minute in the weeks leading up to their injuries in comparison with their average values. Likewise, Bowen et al. (2019) found that even small increases in total distance (TD) accumulated over 4 weeks resulted in an increased risk of sustaining a non-contact injury. However, when considering HSR or accelerations/decelerations, these authors did not observe similar results. Lastly, Lu et al. (2017) examined the external workload profiles prior to injury in professional soccer players but did not find evidence linking the workload in the three weeks prior to injury with the workload in the week of injury. Therefore, it seems difficult to stablish a causal association between training load and injury paradigm (Impellizzeri, Menaspà, Coutts, Kalkhoven, & Menaspà, 2020), but the aforementioned studies did not include the calculation of the risk ratio in their analyses, which could provide valuable information for designing training sessions aimed at reducing the risk of injury. 
Therefore, the aim of this study was twofold: i) to compare the external workload between injury condition (i.e., the week before the injury occurred) and the control condition (i.e., the four weeks prior to the injury condition) in professional Brazilian soccer players, and ii) to analyze the risk of suffering a muscle-tendon injury when the weekly workload is increased. Based on the aforementioned studies, we hypothesized that greater distances at higher speeds would be covered during the injury condition compared to the control condition.
2. Materials and Methods
Study design - A retrospective, descriptive longitudinal design was applied to analyze the differences in workload between injury condition (i.e., the week before the injury occurred) and the control condition (i.e., the four weeks prior to the injury condition) and the risk of suffering a muscle-tendon injury when the workload of professional Brazilian soccer players is increased. The injuries suffered by players were recorded according to the International Olympic Committee (IOC) guidelines (Roald Bahr et al., 2020). Also, the players’ running demands of training sessions and official matches during a complete season were monitored. These matches were played at 4 national and international competitions. All training sessions and matches were performed on a natural grass surface on a pitch measuring approximately 100 x 70 m. For the analysis, lower-limb muscle-tendon injuries were considered when players completed, prior to injury, at least 5 weeks of training and matches (i.e., the week prior injury was stablished as injury condition and the other four weeks was fixed as control condition).
Participants - Initially, 36 professional Brazilian soccer players (age = 27.7 ± 5.6 years; height = 181.3 ± 7.1 cm; weight = 79.3 ± 9.6 kg; soccer experience = 9.3 ± 5.28 years) who belonged to the same soccer team participated in this study. This team competed at the highest level in Brazil and participated in national (i.e., Mineiro Championship, Brasileirao Championship and Brazilian Cup) and international (i.e., Libertadores Cup) tournaments during the study period. Based on injury incidence, finally 15 players participated in this study, being considered 23 muscle-tendon injuries for further analysis. All players performed five training sessions per week (near to 80 minutes per session) and played at least one competitive match every week. Goalkeepers were not included in the analysis due to their specific role during the game. Before starting this research, participants signed an informed consent that explained the purposes and potential risks associated with participating in this research. The study was conducted in accordance with the Declaration of Helsinki (2013), and the protocol was approved by the ethics committee of the Valladolid East Health Area with code PI 22-2793 NO HCUV.
Procedures - Weekly accumulated workload quantification - Running demands was monitored during training sessions and matches using portable global positioning system (GPS) devices (Vector S7, Catapult Sports, Melbourne, Australia). The Vector S7 includes a tri-axial accelerometer, tri-axial gyroscope, and tri-axial magnetometer, each provided at sampling rates of 100 Hz, whereas GPS with sampled at 10 Hz. Similar Catapult devices have previously been found to have high rates of reliability (Castillo, Castagna, Cámara, Iturricastillo, & Yanci, 2018). According to the manufacturer’s recommendations, all devices were activated 15 minutes before matches or training sessions to get a proper acquisition of satellite signals and synchronization. The GPS devices were positioned on each athlete in the center of their upper back, and each player used the same GPS device during the entire season (Castellano, Casamichana, Calleja-González, Román, & Ostojic, 2011). For the further analysis, the following variables were considered: total distance (TD) covered (in m); distance covered at 14 to 19 km·h-1 (HIR); distance covered at 19 to 25 km·h-1 (HSR); distance covered at above 25 km·h-1 (SR); the number of sprints performed by soccer players (nº); distance covered accelerating at below 3 m·s-2 (LACC); distance covered decelerating at below -3 m·s-2 (LDEC); distance covered accelerating at above 3 m·s-2 (HACC); distance covered decelerating at above -3 m·s-2 (HDEC). The obtained values for each player during the control condition were compared to the injury condition values for the same player.
Injury data collection - During a complete season, non-contact muscle-tendon injuries suffered by soccer players were classified following the guidelines developed by the IOC (Roald Bahr et al., 2020). Injury was defined as “a tissue damage or other derangement of normal physical function due to participation in sports, resulting from rapid or repetitive transfer of kinetic energy” (Roald Bahr et al., 2020). The medical staff of the club, which was previously instructed on how to report the information using a standardised form and definition, was the responsible to diagnose, treat, and record all muscle-tendon injuries. Recorded data were collected every week via an electronic database, and the medical staff was in charge of determining that an injured player was fully recovered. Additionally, information about number of absence days, severity, type (in terms of damaged tissue), location, and whether the injury occurred during training or matches were registered according to the IOC consensus statement (Roald Bahr et al., 2020).
Statistical analysis - Descriptive data is presented as mean ± standard deviation (SD). The Shapiro-Wilk and Levene tests were applied to confirm the normality of the distribution and the homogeneity of variances, respectively. A paired-samples t-test was used to analyze differences in workload values obtained in the injury condition and the control condition. Additionally, risk ratio (RR) with 95% confidence intervals was calculated in those variables which reported significant differences. Finally, Effect sizes (ES) were calculated using Cohen’s ES and were interpreted as follows: < 0.2, trivial; 0.20 to 0.49, small; 0.50 to 0.80, moderate and > 0.80, large (Cohen, 1988). All the analyses were carried out through the Statistical Package for Social Sciences (SPSS 25.0; SPSS Inc., Chicago, IL, USA) and the statistical significance was set at p < 0.05.



3. Results
Differences between control condition and injury condition related to muscle-tendon injuries are shown in Table 1. The injury condition showed higher values in TD (12.96%; p = 0.033; ES = 0.72, moderate), HIR (16.06%; p = 0.006; ES = 0.44, small) and HSR (29.46%; p = 0.001; ES = 0.85, large) variables. Additionally, RR were calculated for these variables obtaining 0.69 (-0.85 to 0.12) for TD, 1.45 (-0.15 to 0.90) for HIR and 0.55 (-1.06 to -0.14) for HSR. In this regard, when the weekly TD was below 26698.6 km, the risk of suffering a muscle-tendon injury was reduced by 56.77%. Also, when the weekly HIR was below 3048.3 km, the risk of suffering a muscle-tendon injury was reduced by 45.1%. Finally, when the weekly HSR was below 1228.8 km, the risk of suffering a muscle-tendon injury was reduced by 17.86%.


	Table 1. Differences in workload between control condition and injury condition related to muscle-tendon injuries

	Variable
	Control condition
(mean ± SD)
	Injury condition 
(mean ± SD)
	Pairwise comparisons 
(Δ%; p; ES)
	Risk ratio 
(95% CI)

	TD (m)
	23635.61 ± 4265.16
	26698.63 ± 4831.84
	12.96; 0.033; 0.72
	1.44 (-0.12 to 0.85)

	HIR (m)
	2626.49 ± 961.87
	3048.25 ± 849.92
	16.06; 0.006; 0.44
	1.45 (-0.15 to 0.90)

	HSR (m)
	949.16 ± 330.58
	1228.82 ± 412.70
	29.46; 0.001; 0.85
	1.82 (0.14 to 1.06)

	SR (m)
	213.95 ± 108.10
	262.96 ± 133.75
	22.91; 0.057; 0.45
	-

	Sprint (n)
	12.11 ± 6.12
	12.92 ± 9.77
	6.69; 0.658; 0.13
	-

	LACC (m)
	83.76 ± 25.59
	94.38 ± 26.59
	12.68; 0.206; 0.42
	-

	LDEC (m)
	10.69 ± 5.53
	12.99 ± 6.78
	21.52; 0.184; 0.42
	-

	HACC (m)
	80.43 ± 30.86
	84.79 ± 31.99
	5.42; 0.570; 0.14
	-

	HDEC (m)
	19.10 ± 10.03
	20.61 ± 9.77
	7.91; 0.510; 0.15
	-

	Abbreviations: SD = standard deviation; Δ% = difference in means as percentage between conditions; p = level of signification; ES = effect size; CI = confidence intervals; TD = total distance covered; HIR = distance covered at 14 to 19 km·h-1; HSR = distance covered at 19 to 25 km·h-1; SR = distance covered at above 25 km·h-1; LACC = distance covered accelerating at below 3 m·s-2; LDEC = distance covered decelerating at below -3 m·s-2; HACC = distance covered accelerating at above 3 m·s-2; HDEC = distance covered decelerating at above -3 m·s-2.









4. Discussion
Given that the controversy in scientific literature regarding to the association between training load and injury paradigm, the aim of this study was twofold: i) to compare the workload between injury condition and the control condition in professional Brazilian soccer players, and ii) to analyze the risk of suffer a muscle-tendon injury when the weekly workload is increase. To date, this is the first study that, in addition to comparing the workload supported by the players in both conditions, establishes RR values based on the increases in workload observed in the week prior to the injury in professional Brazilian soccer players. The results of this study showed a higher TD, HIR and HSR in the injury condition compared to the control condition. Additionally, the statistical analysis carried out made it possible to establish some metrics that could be related to the risk of injury to players.
Despite not being the most specific variable, TD seems to play a relevant role in injury risk (Ehrmann et al., 2016). This variable is widely associated with training volume, hence increases in TD contribute to fatigue accumulation (Bradley & Noakes, 2013) and lead to a higher risk of muscle-tendon injuries in soccer players (Jaspers et al., 2018). In the present study, higher TD values were observed during the injury condition, with a significant increase of approximately to 13% compared to the control condition. Additionally, the results of the current study revealed that if TD is below 26698.6 km, the risk of suffering a muscle-tendon injury is reduced by 56.77% (RR = 0.69). These findings support those obtained by Bowen et al. (2019), who observed that small increases in TD accumulated over 4 weeks resulted in an increased risk of sustaining a non-contact injury in English Premier League soccer players. Conversely, Lu et al. (2017) did not find significant differences in TD covered in the weeks before injury compared to the injury week. This discrepancy could be due to methodological differences related to injury typology, sample size or statistical analysis. Therefore, strength and conditioning coaches should monitor TD during the microcycle to reduce the injury risk, to avoid excessive accumulations of TD and volume which favor the occurrence of muscle-tendon injuries. 
Soccer has evolved in recent years, being a more demanding sport on a physical and physiological level, partly explained by the physical condition and quality of the players. (Gualtieri, Rampinini, Dello Iacono, & Beato, 2023). These high-intensity actions imply a significant load to the muscle complex, resulting in substantial damage to them (Thorpe & Sunderland, 2012). To mitigate the associated injury risk, soccer players should adapt to these demands, while strength and conditioning coaches should try to avoid abrupt changes in high-intensity running demands (Gabbett, 2016). Our study revealed that significant differences in HIR and HSR values were observed between the injury condition compared to the control condition, with increases approximately 16% and 30%, respectively. In a practical approach, the obtained results have revealed that if HIR is below 3048.3 km (RR = 1.45), and if the HSR is below 1228.8 km (RR = 1.82), the risk of suffering a muscle-tendon injury is reduced by 45.1% and 17.86%, respectively. These results support those obtained by Malone et al. (2018) who revealed that high and abrupt increases in HSR magnified the odds ratio related to the injury. Conversely, Lu et al. (2017) and Bowen et al. (2019) observed that the distance covered at high-speed running did not influence the risk of injury. However, these results could be influenced by the use of absolute thresholds instead of relative values (e.g., 85% of the maximum velocity), which are specific for each player. The obtained findings suggest that strength and conditioning coaches should control the high-intensity workload as it appears to generate fatigue and muscle damage. They should also avoid abrupt changes compared to previous weeks and make progressive increases if necessary. This also highlights the need to comprehensively analyze the running demands of training sessions and matches to establish the workload for the following week.
Similar to HIR, soccer matches have experienced an increase of acceleration and deceleration actions in recent years (Harper, Carling, & Kiely, 2019). In addition, Faude et al. (2012) demonstrated that the sprint is the most repeated action in goal situations. These actions impose a high muscle load even during short displacements due to their metabolic cost and internal mechanical load demands (Hader, Mendez-Villanueva, Palazzi, Ahmaidi, & Buchheit, 2016), resulting in significant damage to soft tissue structures (Silva et al., 2014). Additionally, these actions contributed to fatigue accumulation (Damian James Harper & Kiely, 2018), making necessary to study the influence of accelerations and decelerations on muscle-tendon injuries. Most previous studies agree on the existence of a link between higher workload of acceleration and deceleration and the occurrence of injuries in professional soccer players (Bowen et al., 2019; Jaspers et al., 2018). Conversely, in our study, no significant differences were obtained between the injury condition and the control condition in any variable related to acceleration and deceleration. However, it should be noted that the injuries analyzed in our study substantially differ from those analyzed in the aforementioned studies (e.g., overuse vs. muscle-tendon injuries), which could explain the observed differences. It would be interesting to investigate whether short-term and high-intensity actions is associated to injury risk in different competitive levels or age-categories. Additionally, it would be beneficial to study how these actions specifically affect certain injuries (e.g., calf injuries), since they are closely related to the actions of the muscle group involved.
Despite its promising findings, this study has several limitations that should be acknowledged. The main ones in that the study has been focused on a single team with specific characteristics (e.g., formation, style or strategy) which may limit the generalizability of the findings to other teams or playing contexts. Also, only male players were included, so it is difficult to extrapolate the obtained findings to female soccer populations. Also, variables such as position, age, or previous injury history have not been considered. Finally, the applied design is appropriate for exploring workload differences before injury but does not allow causal inferences. Thus, future studies with larger sample sizes, which allow to consider variables such as age, or previous injury history, and including both male and female players are warranted to provide a more comprehensive understanding of the topic.
In summary, higher weekly values of TD (12.96%), HIR (16.06%) and HSR (29.46%) were observed during the injury condition than the control condition in professional Brazilian soccer players, suggesting the relevance of avoid abrupt changes in the weekly external load regarding to these variables.
5. Practical Applications. 
In a practical approach, strength and conditioning coaches should adjust the training workload based on the values related with an increased injury risk, considering the workload from matches and training sessions, and avoiding abrupt changes in workload compared to the previous average values recorded for each individual soccer player, mainly in TD, HIR and HSR variables.
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