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Abstract

:

Overtraining is a prevalent issue among young men soccer players, particularly those who are driven to enhance their skills. While an intense training volume and effort might contribute to athletic growth, it can also have negative implications, including injury. The current study aimed at examining the association between training frequency, symptoms of overtraining and injuries in young men soccer players. A path analysis approach was used to examine the causal relationships between variables. The sample consisted of 189 young men soccer players aged 13–17 years old (age = 14.81, SD = 1.37). Participants reported that they were training, on average, 5.77 days (SD = 1.53) per week. Athletes were competing at a regional (n = 100) or national (n = 89) level. Concerning injuries, participants indicated, on average, 2.03 (SD = 1.16) injuries since they started practicing soccer. The results displayed a significant association, as theoretically expected, namely: (i) training frequency was significantly associated with overtraining symptoms (β = 0.15 [IC95% = 0.01, 0.29]); (ii) overtraining symptoms were significantly associated with the number of injuries (β = 0.19 [IC95% = 0.02, 0.35]). An indirect effect between training frequency and injuries was also observed (β = 0.15 [IC95% = 0.01, 0.29]). Thus, there is preliminary evidence that overtraining symptoms could play a mediating role. In conclusion, investigating the links between overtraining symptoms and injury in young men soccer players is critical, as it can assist in identifying overtraining warning signs, promote young players’ health and safety, customize training regimens to individual needs, and contribute to a better understanding of sports-related injuries.
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1. Introduction


Soccer is a physically demanding sport in which players must participate in high-intensity actions, such as running, jumping, and tackling, often for prolonged periods [1,2]. Athletes must go through intense training regimens meant to improve their strength, endurance, and agility in order to compete at their best. Overtraining can develop if the intensity, frequency, and length of training surpass the ability of the body to recover [3]. Overtraining syndrome is a prevalent issue among soccer players, and it can cause a variety of physical and mental symptoms that can have an effect on their performance as well as their overall health and well-being [4]. The characterization of overtraining syndrome is an important topic for researchers, coaches, and athletes. Understanding the mechanisms underlying overtraining and its impact on injuries might aid in identifying possible risk factors and developing effective preventative and management techniques. Furthermore, recognizing the signs of overtraining and treating it early can assist in reducing the negative impacts of the condition and promote optimal performance and well-being in soccer players [5].



Overreaching is a short-term phenomenon that occurs when athletes engage in intense training over a short period of time, such as during a pre-competition phase [6]. It is a planned and regulated type of training that is intended to produce temporary exhaustion, but with proper rest and recovery, performance returns to normal or even improves. Overreaching is regarded as a normal and necessary component of sports training that can result in improved performance [7]. Overtraining has been defined in a variety of ways, but one widely accepted definition is prolonged maladaptation to high levels of exercise stress that results in decreased performance and mood state, with symptoms that can continue for weeks or months [8]. Some of the objective symptoms of overtraining syndrome include decreased performance, elevated heart rate, elevated cortisol levels, decreased muscle strength and power, increased perceived exertion, sleep disturbances, and reduced immune function [7]. The rationale behind this description is that overtraining is more than just training too much. It is a complicated physiological and psychological response to stress that results in chronic exhaustion, decreased performance, and negative mood states. Athletes who undergo prolonged and severe emotional and physical tiredness may experience burnout [9,10]. It is defined as a loss of interest, motivation, and enjoyment in athletics, and it can result in a variety of psychological and physical symptoms, including sadness, anxiety, sleep difficulties, and impaired performance. Burnout is frequently accompanied by high levels of stress, a sense of loss of control, and mental and physical tiredness [11]. The transition from overreaching to overtraining to burnout is a complex phenomenon that involves a gradual shift from a normal and adaptive response to training to a maladaptive state of physical and psychological fatigue, with the negative effects on performance, health, and well-being becoming more severe and lasting [12].



Injuries are characterized by localized discomfort, edema, and a decreased range of motion. They can be acute or chronic, and the cause can be a single traumatic incident or a series of microtraumas [13]. Physical injuries can include muscle strains, ligament sprains, fractures, and head injuries such as concussions. Additionally, soccer players are at risk of overuse injuries, such as tendinitis or stress fractures due to the repetitive nature of certain movements during play. In soccer athletes, overtraining symptoms have been demonstrated to be associated with injury risk. Systematic research of male and female soccer athletes discovered that those who reported more fatigue, muscle discomfort, and lower performance were more likely to be injured [14]. Similarly, another study discovered that players who reported more than three overtraining symptoms, such as weariness, sleep disruptions, and mood abnormalities, were more likely to get injured [8]. However, there is scarcity of research assessing overtraining symptoms and injuries in young soccer athletes [14,15]. First, examining the relationships between training frequency, overtraining symptoms, and injuries in young men soccer players can aid in identifying risk factors for injury. Second, investigating the links between training frequency, overtraining symptoms, and injuries in young men soccer players can aid in the prevention of overtraining syndrome. Overtraining syndrome is a potentially fatal illness that can result in physical and emotional exhaustion, poor sports performance, and burnout [16]. Finally, investigating the relationships between training frequency, overtraining symptoms, and injuries in young men soccer players can aid in improving athletic performance. When athletes are overtrained, their sports performance may decrease as a result of physical and mental exhaustion.



Novelty of the Current Study


Studying the association between training frequency, symptoms of overtraining, and injuries in Portuguese young men soccer players can contribute to the scientific knowledge on the topic and potentially provide new insights. First, to the best of our knowledge, this study is the first to examine these specific associations in Portuguese young men soccer players and thus could provide novel insights into the prevalence and risk factors of overtraining and injuries in this population. Portugal has a strong football culture and has produced many successful football players and teams over the last few years. As a result, there is a significantly increasing amount of research on football in Portugal. Some of the areas of research related to football in Portugal include sports medicine, sports psychology, training methods, and performance analysis. Considering the need to understand the variables that produce top players and teams, analyzing the associations between performance-related indicators and sports volume seems of the utmost importance. This study uses contemporary statistical tests, namely path analysis, to explore the associations among variables, since previous studies have conducted traditional correlational analyses. Path analysis is a statistical technique that allows researchers to test complex causal models by examining the relationships between variables in a directed graph, considering both direct and indirect effects by accounting for the variance in multiple variables simultaneously. In contrast to correlational analysis, which only examines the strength and direction of the association between variables, path analysis allows researchers to test the direction and magnitude of causal effects among variables, and to estimate the indirect effects of variables on outcomes through intervening variables. Finally, understanding the relationship between training frequency and overtraining symptoms can help coaches and trainers design programs that prioritize athlete health and wellbeing.



The current study aimed at examining the association between training frequency, symptoms of overtraining and injuries in young men soccer players. We used a path analysis approach to examine the causal relationships between variables [17]. This method can help researchers to better understand the mechanisms underlying the relationships between training frequency, overtraining symptoms, and reported injuries in a systematic and efficient manner. We hypothesized that training frequency, as well as experience, would positively relate to overtraining symptoms [15]. Consequently, overtraining symptoms would positively associate with the risk of injury [8].





2. Materials and Methods


2.1. Participants


Regarding the parameters to be estimated (i.e., 4 parameters), Hair et al. [17] recommend a 10:1 ratio (participants per parameter to be estimated). Thus, the minimum sample size required for statistical power should be approximately 40 participants. To account for potential missing data (10%), we considered 44 participants as the minimum sample size. For additional statistical power calculations, the Soper [18] a priori sampling calculator for factor analysis was used to calculate the minimum sample size required for this study to be valid and reliable. The following inputs were used: anticipated effect size = 0.15 (small effect); desired statistical power = 0.95; the number of observed variables = 3; probability level = 0.05. The results suggest that the minimum number of participants is 143 for the results to be valid and reliable. In the present study, the sample consisted of 189 participants aged 13–17 years old (age = 14.81, SD = 1.37). Participants reported that they were training per week on average for 5.77 days (SD = 1.53). Athletes were competing at the regional (n = 100) or national (n = 89) level. For inclusion, we considered those who met the following inclusion criteria: (i) aged between 13 and 17 years; (ii) provide informed consent from parents or legal guardians to participate and also from themselves; and (iii) be an active athlete amateur or professional.




2.2. Procedures


Data collection procedures were carried out in compliance with the Helsinki Declaration and its subsequent revisions, or comparable ethical norms [19]. Prior to data collection, the Ethics Committee of the Scientific Board of the Higher Institute of Educational Sciences of the Douro (reference number: 31142) approved all procedures carried out during the study. Then, considering the convenience sampling method, soccer clubs were contacted, the research objectives were presented, and, subsequently, consent was granted for the data collection procedures. Coaches were contacted before training sessions and researchers explained the objective of the study. Subsequently, the researchers also explained the purpose of the study to parents and legal guardians. It was fully explained that the data would be used only for research purposes and anonymously, that participation was voluntary, and that any individual could withdraw from the study at any time even after starting it. After obtaining the signed written informed consent, the athletes were contacted and the objective of the study was explained to them, as well as information related to the foundation of the research project. In addition, 2 other questionnaires were applied (i.e., sociodemographic questionnaire and the overtraining questionnaire from the Société Françoise de Medicine du Sport) and each of them took approximately 10 min to complete. The athletes did not receive a reward, but their efforts were recognized and thanked.




2.3. Instruments


Participants completed a sociodemographic questionnaire measuring age, experience, week training frequency, and how many injuries did they report since practicing formal soccer. The researchers provided examples of injuries for clarity. Participants also completed the overtraining questionnaire of the Société Françoise de Medicine du Sport Portuguese version [20]. This measure comprises 52 items (e.g., “My performance level has deteriorated”) and responses are provided on a Likert-type scale ranging from 0 (never) and 3 (always).




2.4. Statistical Analysis


Using the IBM SPSS STATISTICS version 25.0 software, descriptive statistics such as means and standard deviations, as well as bivariate correlations between all variables under consideration, were generated. To determine the statistical significance of departures from the normal distribution, the Kolmogorov–Smirnov test was used. For the referred analyses, a significance value ≤ 0.05 was assumed to reject the null hypothesis.



Afterwards, a path analysis was conducted using a two-step approach. First, a confirmatory factor analysis was performed, followed by a structural equation model considering all variables under analysis was performed. These analyses were carried out with the robust maximum likelihood estimator from Mplus, version 7.4. Direct and indirect effects were analyzed according to standardized coefficients and their respective 95% Confidence Interval (CI95%). Regression paths were considered significant if the CI95% did not include zero.





3. Results


The mean, standard deviation, and correlations between study variables are reported in Table 1. The Kolmogorov–Smirnov test indicates no deviation of normality in all variables. The results indicated several significant associations as theoretically expected, namely: (i) training frequency was significantly associated with overtraining symptoms; (ii) overtraining symptoms were significantly associated with a number of injuries; (iii) training experience was negatively associated with overtraining symptoms but positively with a number of injuries. Concerning injuries, participants indicated on average 2.03 (SD = 1.16) injuries since they started practicing sports.



Figure 1 displays the proposed path model. Positive and significant associations were observed among variables. The result displays an indirect effect between training frequency and injuries. Thus, there is preliminary evidence that overtraining symptoms could play a mediating role.




4. Discussion


The present study examined the association between training frequency, symptoms of overtraining, and injuries in young men soccer players. This analysis was conducted according to previously proposed assumptions [14,15]. Examining correlations, positive and significant associations were observed among training frequency, symptoms of overtraining, and injuries. These results have been theoretically and systematically supported in another sport context [3] and, specifically, in soccer athletes [14,15].



Examining the proposed model, the current research adds new insights into how the causal relationship works between training frequency, symptoms of overtraining, and injuries. Starting with the association between training frequency and overtraining symptoms, there is evidence that a greater weekly frequency could lead to the perception of greater symptoms of overtraining. The present results support previous studies [15,21], suggesting that athletes that participate in high-frequency training regimes are more prone to suffer from overtraining symptoms such as fatigue, injury, and diminished performance. This is also the case for young soccer athletes, since current results show that frequency significantly predicts overtraining symptoms.



Overtraining symptoms predicted injuries in young men soccer players. This result is in accordance with previous studies [22,23], indicating that fatigue, irritability, poor performance, loss of appetite, and increased susceptibility to illness can lead to more serious problems, such as muscle strains, joint pain, stress fractures, and even mental health issues such as depression and anxiety [3,24,25]. It is critical to understand the unique challenges that young men soccer players encounter. Many of these athletes are still growing and developing their physical and mental skills, making them more susceptible to injury. Furthermore, they frequently have schedules that make balancing training, school, and other commitments more demanding [26]. The present results also showed an indirect effect between training frequency and injuries, possibly mediated by overtraining symptoms. Young men soccer players who train more frequently are at a higher risk of injury.



4.1. Practical Implications


On account of the wide range of physical demands placed on soccer players in various moments (i.e., training sessions and competitive games), indications and symptoms of overtraining specific to different forms of exercise may be widespread [27]. While physical training demands were not measured, excessive resistance training volumes and intensities have been proven to create distinct fatigue profiles in overreaching athletes when compared to endurance training [28]. Additionally, the sensitivity to exhaustion of different physical attributes (for example, strength vs. power) varies. As a result, the onset of overtraining may occur at different times depending on the athlete and the physical performance test assessed. Furthermore, while the cause of overtraining is widely considered to be multidimensional, it is possible that athletes that incur different demands also experience different symptoms. As a result, researching overtraining symptoms as a homogeneous outcome that affects all athletes in the same way and attempting to quantify the symptoms of athletes from a variety of athletic endeavors is likely oversimplified. Thus, more studies are warranted, since there are various variables that can contribute to the correct reporting of overtraining in order to appropriately monitor and quantify the signs and associated symptoms. First, a baseline in a valid and reliable test that examines a relevant physical characteristic must be established. This is essential to confirm that a performance change has occurred. Second, regular testing is required to see if performance has degraded. Yet, if an athlete has reached a condition of overtraining, physically assessing the athlete during this period may be unfavorable and exacerbate the fatigue and psychological burden of the athlete. Third, it must be clearly proven that a decline in performance is not an immediate reaction to past sessions of training. According to research on tapering and peaking, performance super-compensation can take up to four weeks after reducing training volume, and the timing of super-compensation can fluctuate between athletes despite comparable training loads [29].



The results from the current study have theoretical and empirical implications. We can contribute to a better knowledge of sports-related injuries and their prevention by investigating the links between overtraining and injury in young men soccer players by considering exercise frequency. This research can assist inform the creation of injury prevention programs and improve the safety of young athletes and their ability levels in soccer. Coaches can assist young men soccer players realize their full potential while decreasing the risk of injury by monitoring overtraining signs and changing training accordingly. This is especially significant given soccer’s competitive character and the pressure that young sportsmen may feel to achieve at a high level. In addition, by investigating the links between these symptoms and injury in young men soccer players, we can gain a better understanding of the warning indications of overtraining and implement preventative measures before an injury develops.



Coaches can monitor the training load and modify training plans as needed. Coaches can determine when a young soccer athlete is at risk of overtraining and adapt the training program to prevent further symptoms by tracking the volume, intensity, and frequency of training. To limit the risk of injury and overtraining, coaches can reduce the volume or intensity of training, increase rest periods, or change training activities. Prioritizing recovery exercises is another important method for coaches to avoid overtraining symptoms. This includes methods such as optimal diet, hydration, and rest and recovery intervals. Coaches can also add recovery exercises into their training regimens. Coaches can impact the psychological components of training in addition to the physical parts of the training load. Overtraining syndrome is not only a physical condition, but it can also harm an athlete’s emotional health. Athletes can benefit from coaches creating a positive team culture that fosters mental health and well-being. Team-building exercises, open communication lines, and establishing a positive team environment are examples of such activities.




4.2. Limitations and Research Agenda


A limitation of the present study that should be acknowledged is that we measured overtraining symptoms at an initial assessment. It would be interesting in future studies to explore the extent to which self-reported and other measures of fatigue-related symptoms (e.g., training load, blood samples) can predict injuries. In addition, athletes self-reported their previous injuries and, thus, we are unable to ascertain the validity of responses. Future studies should assess injuries with the medical staff of each player and also categorize injuries by the degree of severity. Likewise, assessing overtraining symptoms over a longer period of time (e.g., 1 year) could be of interest in measuring the impact of motivational and emotional determinants beyond behavior factors (i.e., frequency and intensity). Future studies should also test our hypothesized model in adult athletes and in different cultures to test for the generalizability of the current results.





5. Conclusions


The current study supports prior studies that found a link between training frequency, overtraining symptoms, and injuries in young men soccer players. The study emphasizes the need of monitoring young men soccer players’ training frequency and intensity to reduce the risk of overtraining and injury. Coaches and trainers should be aware of the indications of overtraining and take appropriate precautions to avoid and manage the negative consequences of overtraining. Young men soccer players can limit their risk of overtraining and injury by taking these precautions, ensuring their long-term health and athletic success.
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Figure 1. Path model. Notes: β = standardized beta coefficients; straight lines = direct regression path; dotted lines = indirect regression path; within brackets = 95 percent confidence interval. 
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Table 1. Descriptive statistics and correlations between study variables.
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	Variable
	M
	SD
	1
	2
	3
	4
	5





	1. Age
	14.81
	1.37
	1
	0.65 **
	0.26 **
	−0.12
	0.25 **



	2. Training experience
	7.88
	1.78
	0.63 **
	1
	0.02
	−0.43
	0.13



	3. Frequency
	5.77
	1.15
	0.30 **
	0.04
	1
	0.12
	0.07



	4. Overtraining symptoms
	0.73
	0.29
	−0.01
	−0.39 **
	0.15 *
	1
	0.15 *



	5. Injury
	2.03
	1.16
	0.32 *
	0.15 *
	0.10
	0.19 **
	1







Notes: M = Mean; SD = Standard-Deviation; below diagonal line = bivariate correlations; above diagonal line = partial correlations controlling for competitive level; * = p < 0.05; ** = p < 0.01.
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