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Abstract 

Purpose: To monitor training and match loads, work and college loads, wellness scores 

and assess neuromuscular fatigue in amateur soccer players. 

Methods: Ten players (n=10, 22.9y ± 0.6, 76.64kg ± 9.11kg, 178.25cm ± 5.17) from an 

amateur soccer team were used during the study. Participants recorded baseline scores in 

Countermovement Jump (CMJ) and Drop Jump, to assess Reactive Strength Index (RSI). 

A psychometric wellness questionnaire (including fatigue, stress, sleep time & muscle 

soreness) along with time spent in college/work, was filled in by each participant prior to 

every training session and match during the five week study, with Rate of Perceived 

Exertion (RPE) recorded from each participant, within thirty minutes of the conclusion 

of each training session and match. Load was then calculated by multiplying session RPE 

by session duration in minutes. Two CMJs and two DJs were recorded once a week for 

five weeks. These were recorded prior to the last training session of the week (24 to 48 

hours prior to match) as a method of assessing neuromuscular fatigue over the five-week 

study period, with the first set of jump score results being used as a baseline.  

Results: Strong correlations showed a relationship between increase in load and decrease 

in both CMJ (r= -0.92) and RSI (r=-0.89) scores. Wellness scores were sensitive to 

changes in load. A correlation between perceived fatigue levels, one of the wellness 

questionnaire variables, and load was also shown (r=0.43). A slight relationship between 

time spent in work (r= 0.63)  and/or college (r= 0.12)  prior to training/matches was also 

shown. 

Conclusion: Results showed neuromuscular fatigue and load could be monitored and 

assessed to a point where this data could be utilised in an amateur soccer setting, where 

cost-efficiency is key. In a practical application, coaches could in fact use these methods 

to assess fatigue in their athletes, and make appropriate changes to training load if 

necessary.
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1.0 Introduction 

In sport, coaches and athletes aim to be in peak physical condition going into competition 

or into competitive matches. There are numerous different factors which can impact on 

players physical condition and their performance levels. This study will look at some of 

these factors, such as the impact of training and match load on players, the effect of work 

and college load on players, and also assess neuromuscular fatigue in amateur soccer. 

Fatigue is one of the main factors which can prevent players from being in peak physical 

condition, thus leading to decreases in performance. Previous research suggests that 

stresses placed on athletes in training and competition result in reductions in physical 

performance and increased levels of fatigue post-competition (Gabbett, 2008; McLellan, 

Lovell & Gass, 2011). As fatigue is something which can hinder performance, the ability 

to reduce or prevent fatigue in athletes is of paramount importance. Currently there are 

numerous different definitions of fatigue, however these are often dependent on the 

conditions under which the fatigue occurs (Halson, 2014). One definition of fatigue, 

which was suggested by Edwards, (1982), is that fatigue is the failure to maintain the 

required or expected force, to complete an action. Similarly, Bigland-Ritchie & Woods, 

(1984), mention a threshold for fatigue, which is a level of exercise which cannot be 

sustained indefinitely. One method of preventing or decreasing the likelihood of fatigue 

in sport is the monitoring of load which is placed upon athletes. Load is defined as the 

stress placed on the body when performing an activity (Impellizzeri, Rampinini & 

Marcora, 2005). In soccer, load would be monitored as either training load or match load, 

where athletes take part in exercise which induces fatigue due to the stresses placed upon 

the athletes. The concept of monitoring this load is growing rapidly in sport. Coaches and 

support staff face a constant challenge when it comes to training load, as they must 

prescribe sufficient load so that adaptation can occur while minimising the occurrence of 

fatigue, hindering performance or increasing risk of injury (Jones, Griffiths & Mellalieu, 

2016). To aid this challenge athletes, coaches and support staff are beginning to monitor 

training loads, while Halson (2014), suggests that they are beginning to take an 

increasingly scientific approach to the monitoring of training programs. However, there 

is currently no ‘gold standard’ when it comes to the monitoring of training load which be 

used in the field, especially when it comes team sports. The aim of this study is to 

investigate whether there is a relationship between load and fatigue, through the recording 

of data and fatigue testing, which will be assessed through jump tests, in amateur soccer 

players. 
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2.0 Literature Review 

2.1 Fatigue in Sports 

 
Fatigue in athletes in not something which is easily defined making the measurement and 

quantification of fatigue equally as difficult (Abbiss & Laursen, 2007). Edwards, (1981) 

suggests that fatigue is the acute exercise-induced reduction in force production. This is 

potentially due to numerous different factors, one being that there may not be enough 

energy supply available to meet the demands of the muscle, not enough tension is being 

generated by each muscle fibre or that the total number of fibres recruited may not be 

enough to significantly activate the muscle to perform the action intended. A simplified 

version of this definition is that fatigue is the inability to complete a task which which 

was once achievable in a recent time frame (Marino, 2011). When athletes are unable to 

perform an action which they could once do, due to increases in fatigue, this will lead to 

a decrease in performance. Rampinini et al. (2007) found that in soccer as the game went 

on and players became more fatigued, their technical abilities, such as passing with 

accuracy and amount of runs completed, subsequently decreased. Badin, Smith, Conte & 

Coutts, (2016), noted that in soccer Rate of Perceived Exertion (RPE) was higher in 

mentally fatigued athletes when compared to an un-fatigued control group and also 

mental fatigue impaired technical performance. If the build-up of fatigue reduces muscle 

fibre activation and inhibits performance, both technically and physically, and most 

sporting outcomes, such as winning and losing, are based upon the performance of 

specific sporting actions, it is evident as to why the prevention of fatigue is crucial for 

athletes in sports.  

 

In sports, during the competition phase of the season, athletes are placed under more and 

more load from training and from maximal effort from competition. In elite team sports, 

matches are often played once or twice a week in season, with numerous training sessions 

also taking place throughout the week, which makes it difficult for athletes to fully 

recover. In amateur sports, the same came be said, with multiple training sessions a week 

and also matches. This continuation of training sessions which athletes take part in may 

lead to a state of overtraining (Urhausen & Kindermann, 2002). Failure to recover from 

the stresses placed on the athletes, through training and competition, leads to them 

becoming progressively fatigued and they then may suffer from prolonged 

underperformance (Budgett, 1998). In a sporting context, numerous different descriptors 

are used to describe the prolonged underperformance of athletes such as overtraining, 
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burnout/staleness or chronic fatigue. (Budgett, 1994; Lehman, Foster & Keul, 1993). The 

experience of minor fatigue and acute reductions in performance is something which is 

to be expected in sport as a result of the normal training process (Halson & Jeukendrup, 

2004). They suggest that in elite level sports, athletes often use over reaching as a method 

of enhancing performance, through intensified training. This results in a temporary 

decline in performance, but with adequate recovery, the super-compensation effect 

occurs, which increases athletes’ performances when compared to their baseline levels. 

Typically, athletes can recover from this intentional over reaching state when allowed 

adequate recovery time, which is usually within a two-week period (Halson et al. 2002). 

However, when athletes don’t fully recover from over reaching, this has the potential to 

lead to a condition named over training.  

 

Over training can be defined as an accumulation of training stress which leads to long-

term decrements in performance, which could take several weeks or even months to 

recover from (Kreider, Fry & O’Toole, 1998). When athletes show symptoms of fatigue 

for six weeks or longer, this is an indication of chronic fatigue (Budgett, 1994). It is 

important therefore to monitor the symptoms of fatigue and over training in athletes, as 

the effects lead to decreases in performance levels. Halson & Jeukendrup (2004) note that 

with overtraining, there is an increase in levels of fatigue, decline in performances and 

increases in mood disturbances in athletes, all of which are more severe than the 

symptoms of overreaching. Buddgett (1998) also states some symptoms of overtraining. 

He found that the main complaint from over trained athletes is underperformance. He also 

notes that over trained athletes suffer from sleep disturbances and loss of competitive 

drive. Therefore, when monitoring athletes for fatigue, a good indication to see if players 

are being over trained or not fully recovering is to monitor their sleeps levels and also 

their readiness to perform, as both can be affected by fatigue.  

 

2.2 What is Load Monitoring? 

 
Training loads determine individual physical performance ability in a complex non-linear 

manner, with physically appropriate, higher training loads associated with more positive 

performance adaptations (Gabbett & Whiteley, 2017). They note that this works up to a 

limit, where anything above this may lead to an overuse injury. It is therefore useful to 

monitor training loads to ensure players aren’t being overly worked. Load monitoring is 

a way of taking into account the amount of stress placed upon athletes and how much 
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workload is being done, both through training and competition. Training load can be 

affected by both the volume and intensity of work being done, thus both are important 

during the monitoring process (Turner et al. 2015). Drew & Purdam (2016) suggest that 

high work-loads don’t directly result in injury in sport, but injury instead comes from an 

error in training load prescription, so by monitoring load it allows for the prescription and 

potential changes in training programs, which can reduce overtraining, reduce fatigue 

levels and reduce risk of injury. Load monitoring can be used to determine if an athlete 

is adapting to a training program while also minimizing the chances of non-functional 

overreaching, that being the adverse side of overreaching, injury and illness (Halson, 

2014). As of yet, there is no definite way of quantifying load or monitoring fatigue. An 

early attempt at this was by Cooper (1968), where he created an aerobics points system, 

where points were awarded for different exercises, the intensities of the exercises and the 

total distances or time covered within these exercises. Although this system may work 

for on an individual or recreational exercise level, the use of this system would not be 

compatible with modern day elite level sports and team sports. In recent times, training 

load has be monitored using numerous different methods. Training Impulse (TRIMP), the 

use of Heart Rate monitoring, measuring lactate levels, finding lactate thresholds and also 

the use of global positioning systems (GPS) are currently utilized in the world of 

elite/professional sport (Achten & Jeukendrup, 2003; Banister & Calvert, 1980; 

Impellizzeri et al. 2004; Varley, Fairweather & Aughey, 2012). In amateur sports, 

finances play a huge role in a team’s ability to monitor training loads, with teams unable 

to fund for testing equipment, gyms and staff. Even when taking cost out of the equation, 

when it comes to team sports, these methods are not practical. For instance, to monitor 

lactate and lactate threshold, this would need to be done in a laboratory setting under strict 

guidelines. In team sports, such as soccer, where most of the training would be done on a 

football field, this isn’t a test suitable to monitor load and thus fatigue. In sport, the use 

of GPS has grown rapidly in recent times, however these are suggested to be unreliable 

in measuring both distances covered and speeds in sport due to complications in signals 

and ability to monitor sprints over shorter distances (Duffield et al., 2010). For lower 

level and amateur teams, the use of these methods is totally unrealistic due to finances 

and therefore another method of monitoring load must be used. The aim of this study was 

to therefore assess the relationship between load and fatigue using cost efficient 

equipment and methods. 
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One method of monitoring load, which is simple, time-efficient and cost-effective is the 

use of session rate of perceived exertion (sRPE). This is measured using Foster et al. 

(2001) modified Borg RPE scale, where RPE ranges from 0 to 10. The RPE score is then 

multiplied by exercise duration in minutes, to give a session training load number. Turner 

et al. (2015) report that sRPE is a quick and accessible method of calculating training 

load, and is available to all sports across any playing level. They also note, for athletes 

who may have other professions outside of sport, that load can also be calculated for 

work/study using the same method, using RPE scale for amount of work which was put 

in, and what duration it was. By adding both training load and the load from work/study, 

this gives the athlete a daily load in arbitrary units (AU), which can be tracked and 

monitored across a specific time period. Impellizzeri et al. (2004) also concluded that the 

use of session-RPE is a good indicator of measuring internal training load in soccer 

players. As this method isn’t expensive, it is an effective and practical way of monitoring 

and controlling internal load, which will then allow for coaches to design and change 

training programs if needed. 

 

Another method of measuring internal load of athletes, is to use a psychometric 

questionnaire. The use of questionnaires is a cost effective and good method of measuring 

general indicators of wellness in athletes (Hooper et al. 1995). As previously mentioned, 

over training may lead to underperformance, disturbances in mood, sleep and competitive 

drive. As a result of this, Halson (2014) suggests that for perceived rating of wellness 

questionnaires, hours of sleep and rating of sleep and perceived fatigue levels be 

measured. By measuring those different variables in a questionnaire, it allows for coaches 

to see if their players may be suffering from overreaching in the short term, but also 

overtraining and chronic fatigue if these symptoms last up to six weeks or longer. This 

allows for coaches to then modify training or increase recovery time in order to return 

performance levels to baseline or better. Based on recommendations of Hooper et al. 

(1995), a psychological questionnaire was designed by McClean et al. (2010) which 

assessed fatigue, sleep quality, muscle soreness, mood and stress levels. Both papers 

suggest those variables are best suited for assessing wellness in athletes. The results from 

wellness questionnaires are sensitive to changes in training intensities and also sensitive 

post matches (Gastin et al. 2013; Oliver et al. 2015), which gives coaches a good 

indication of how athletes feel post-exercise when compared to baseline results. For this 

study, the results of the wellness questionnaires will be assessed along with load to 



 

 6 

indicate whether there is a relationship between the two, and how coaches may use this 

information to change training plans. 

 

2.3 Countermovement Jump (CMJ) 

 
When measuring fatigue in athletes, CMJ is seen as a simple and effective method of 

measuring muscle function (Twist & Highton, 2013). When assessing for fatigue, a vast 

majority of the papers use different variations of a jumping action to quantify fatigue, 

such as CMJ, drop jump (DJ) and squat jump (SJ). Twist & Highton (2013) also state that 

once the reliability of the measure is known, a meaningful change in jump height is a 

good method on monitoring fatigue. During a 17 day in-season phase, Thorpe et al. (2015) 

found that CMJ scores were sensitive to fluctuations in daily training loads, thus 

suggesting that CMJ is one method suitable for measuring fatigue. Similarly Sams et al. 

(2017), found that measuring vertical jump height is a useful fatigue monitoring tool. 

More specifically to soccer, following soccer specific exercise, significant reductions in 

jump height can be seen across squat jump, countermovement jump and drop jump 

(Oliver, Armstrong & Williams, 2008). These results suggest that post-soccer 

training/matches, measuring jump height and the use of CMJ and DJ are a good indicator 

of fatigue in soccer players. When compared to baseline scores, the results of CMJ and 

DJ will give an indication into how fatigued a player may be. The players’ wellbeing 

scores can be looked upon, to give an indication into how fatigued they perceive to be, to 

further give an insight into how the player may be feeling post training/matches. Given 

the relative ease of measuring jump height, this method of monitoring for fatigue is 

becoming increasingly popular and being utilized by more and more teams. 

 

2.4 Drop Jump (Reactive Strength Index) 

 
As mentioned above, post soccer specific exercise, drop jump scores, along with CMJ 

scores, show that those jumps are sensitive to fatigue. Oliver et al. (2008), report that the 

greatest reductions in muscle activity were seen with the Drop Jump. This implicates that 

using DJ as a method for measuring fatigue in soccer players is a good test as it is sensitive 

to the fatigue sustained during soccer specific exercise. Reactive strength index (RSI) can 

be used a tool to monitor performance in depth jumps (Flanagan, Ebben & Jensen, 2008), 

and thus when monitored over time can be an indicator of decreases in performances, 

which is a symptom of neuromuscular fatigue. RSI was calculated as follows; 
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𝑅𝑆𝐼 =
Flight	Time	(s)

Ground	Contact	Time	(s) 

 

Oliver et al. (2015) measured reactive strength index (RSI) using drop jump. They found 

that RSI scores were sensitive to fluctuation from pre-game to post-game, and were more 

sensitive to fatigue when compared to CMJ immediately after training/exercise. 

However, they noted that CMJ was more sensitive to accumulated fatigue over a 7 week 

period. Both DJ and CMJ were illustrated to be an accurate method of monitoring fatigue, 

with one being more sensitive immediately post-exercise, and one being more sensitive 

to accumulated fatigue. As the study will last 5 weeks, both testing methods should give 

an accurate measure of fatigue both short and long term, and will give an indication 

whether the athletes may be suffering from overreaching and/or overtraining over the 

course of the study.  

 

2.6 Neuromuscular Fatigue Testing Equipment 

 
To measure neuromuscular fatigue both CMJ and DJ data will be collected. This data will 

be collected using the My Jump 2  application, which is available on Android and iOS 

devices. The My Jump 2 application is a low-cost way of measuring measuring CMJ 

height and RSI . The app was shown to be accurate, reliable and easy to use when 

measuring CMJ (Balsalobre-Fernández et al., 2015). Similar results were shown by 

Gallardo-Fuentes et al., (2016), who state the My Jump application provides both reliable 

and valid measurements of vertical jump during both fast and slow stretch-shortening 

cycle (SSC) muscle actions. Fast SSC actions are seen during drop jumps, with slow SSC 

seen during CMJs. 

 

2.7 Conclusion 

 
Higher, more appropriate training loads are associated with more positive performance 

adaptations (Gabbett & Whiteley, 2017). However, an excess in load can often be 

detrimental to athletes. Excessive loads, through training, matches, work and college can 

lead to fatigue in amateur athletes. The buildup of fatigue in athletes can lead to 

disruptions of sleep, disturbances in mood, decreased desire to perform and also lead to 

decreases in performances (Halson, 2014; Hooper et al. 1995). With good performances 
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in competition ultimately being the aim of every athlete and is the reason for training in 

the first place, it is important to minimize the effect of fatigue or to reduce levels of fatigue 

as much as possible prior to competition. When in the competition phase of a season in 

sport, specifically soccer, the monitoring of fatigue levels is important as players need to 

peak for performance at least once every week for matches (Thorpe et al. 2015). The aim 

of the study is to monitor training/match loads, along with work/college loads for amateur 

players, and also test for neuromuscular fatigue through CMJ and DJ, with an 

investigation as to whether there is a relationship between the different factors. The results 

from wellness questionnaires, sRPE scores and jump test scores can be assessed and used 

by coaches to adjust training sessions and increase recovery time for players if needed, 

which will allow players to reduce fatigue levels and ultimately improve performance 

levels in matches. 
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3.0 Methodology: 

3.1 Subjects 

 

The study originally began with 11 subjects (n=11), however only 10 subjects (n=10) 

took part in the entire study. Data was collected from 10 outfield soccer players (22.9y ± 

0.6, 76.64kg ± 9.11kg, 178.25cm ± 5.17) who compete for a senior amateur team, during 

an in-season competition phase. Of the 10 subjects, 6 have full time jobs, 3 attend college 

and work part-time jobs, and 1 doesn’t attend college or have a job. Each player has a 

minimum of ten years soccer training experience, with each playing senior soccer for a 

minimum of 2 years. Subjects trained on average twice a week, with one match per match. 

All players were free from injury prior to the beginning of the study and the team had just 

returned to training from a one-week break where they had no training or match, so 

players had minimum seven days rest from soccer, allowing baseline scores to be 

measured. 

 

3.2 Load Monitoring 

 

Individual player training and match loads were monitored throughout the entirety of the 

assessment period. This data was collected three times a week, twice after training and 

once after a match. Using the Foster et al. (2001) modified Borg 15-category scale for 

Rate of Perceived Exertion (RPE), players were asked either; “How hard was your 

training session?” or “How hard was your match?”.  Players were informed about and 

had existing knowledge of the modified Borg CR-10 RPE Scale prior to the start of the 

assessment period. Following the Foster et al. (2001) protocol, players were asked to 

submit their session/match RPE scores following the conclusion of training/matches (see 

Appendix A). Players were asked to submit their RPE scores upon re-entry to the 

changing rooms, which was less than thirty minutes after the training/match had 

concluded. Training and match loads were calculated using the following equation as 

suggested by Impellizzeri, Rampinini & Marcora, (2005); 

  Session RPE x Session Duration (minutes) 

This calculation gave results in arbitrary units (AU), which allowed for the quantifying 

of training and match load. The use of arbitrary unit results was to make it easier to track 

and visually monitor the loads of each individual player over the assessment period. 
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3.4 Perceived Ratings of Wellness 

 

Participants answered a psychometric questionnaire on both training days and match 

days, which were used to assess general indicators of wellness (Hooper et al., 1995). The 

questionnaire was given to players in digital format, using Google Forms (see Appendix 

B). The questionnaire was composed of numerous questions relating to variables for 

monitoring training load and the resultant fatigue, as suggested by Halson (2014). The 

variables which were assessed were: Hours of Sleep; Rating of Sleep; Perceived Stress 

Levels; Perceived Fatigue Levels; Muscle Soreness; Hours spent in Work and Hours 

spent in College prior to training/matches. Where applicable, players answered either 

using a Likert Scale ranging from 1-10 or answered into a blank answer gap, where the 

answer in hours was needed (e.g. 8 hours sleep). 

 

3.5 Tests Protocols: 

 
3.5.1 Countermovement Jump (CMJ)  

 

One measure of fatigue that was conducted was the CMJ. The testing took place once a 

week prior to training, either 24 hours or 48 hours pre-match, depending on the day of 

fixture. The CMJ were measured using the My Jump 2 application as validated by 

Balsalobre-Fernández et al. (2015). Players performed two CMJ in total, with the average 

jump height being used as the measure of performance. For the CMJ, participants began 

each jump standing upright before squatting downward to a self-selected depth (Byrne et 

al. 2017 & Lloyd et al. 2011), then immediately jumped vertically for maximum height. 

Participants were encouraged to perform the eccentric phase of the jump as quickly as 

possible, in order to maximize jump height (Lloyd et al., 2011). Each participant was 

instructed to affix their hands onto the hip for the entirety of the jump, and failing to do 

so will result in no score being recorded. Participants were instructed to jump as high as 

possible for each jump. 

 

3.5.2 Reactive Strength Index (RSI)  

 

RSI was calculated during the assessment period by recording Drop Jump (DJ) heights. 

As with the CMJ testing, DJ scores were measured once a week prior to training either 
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24 hours or 48 hours pre-match, depending on the day of fixture. Participants performed 

two Drop Jumps, with the average RSI of the two jumps being taking as the measure of 

performance. For drop jumps, Oliver et al. (2008) suggest an intermediate drop height 

which is suitable for the population tested, however, in line with the drop jump protocol 

outlined by Hamilton (2009), participants dropped from a box height of 30cm. 

Participants were instructed to make minimal contact with the ground when landing, and 

to jump vertically upon landing, aiming for maximum height. Drop Jumps were measured 

using the My Jump 2 application, which measures RSI by dividing flight time by ground 

contact time. 

 

3.6 Statistical Analysis 

 
The study design was a prospective cohort, where data was collected from one group of 

players all from the same team. This data was collected prior and post training and 

matches over the 5-week testing period. RPE data was collected using pen and paper 

method, jump data was collected on mobile phone using the My Jump 2 application and 

Wellness Scores were collected using Google Forms, which was linked to a personal 

computer, where results were saved and transferred into Microsoft Excel for storage. Data 

was analysed using JASP software and Microsoft Excel. A paired sample T-test was used 

to test the difference between baseline jump test scores (CMJ height and RSI) to the 

weekly jump test score results. A significance level of P < 0.05 was set for all tests. 

Correlations were used to assess the relationship between; load and CMJ, load and RSI, 

perceived fatigue levels and load, and also time spent in college/work prior to 

training/matches and RPE scores. To interpret the magnitude of correlation (r) between 

variables, as referenced by Thorpe et al. (2015), the following descriptions were adopted 

<.1 trivial, 0.1 to 0.3 small, 0.3 to 0.5 moderate, 0.5 to 0.7 large, 0.7 to 0.9 very large, and 

0.9 to 1.0 almost perfect (Hopkins, 2000).  

 

3.7 Ethical Considerations 

 
All participants were given full information regarding the research prior to agreeing to 

take part. The participants knew what was asked of them prior to the beginning of the 

research, that being, that they would answer all questions as honestly and timely as 

possible, and partake in physical testing in order to collect data. All data was kept securely 

on a personal, password protected, laptop and also backed up on a private Dropbox 
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account. The findings remained anonymous throughout the final research paper. The 

assessments themselves posed no risk to their health or well-being, and each participant 

was informed that they are completely free to withdraw from the research at any given 

time, without reason, and will face no penalty for doing so.  
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4.0 Results 

The hypotheses of this research was that a relationship would be seen between training 

and match loads and jump test scores, assessed through Counter-Movement Jump (CMJ) 

and Reactive Strength Index (RSI) measured by drop jump in amateur soccer players. 

With load being measured as session RPE multiplied by session duration in minutes, this 

was used as a simple and cost effective method of monitoring neuromuscular fatigue in 

amateur soccer players. Additional external loads that amateur players face, hours spent 

in work and hours spent in college prior to training/matches were also taken into 

consideration. The relationship between this load and players’ RPE scores after 

training/matches was also assessed. Wellness scores were also collected from players 

prior to training/matches with the aim of assess whether there was a relationship between 

load and perceived fatigue levels. Overall, the study showed a decrease in jump scores as 

training and match loads increased (r= -0.92, r= -0.89), perceived fatigue levels increased 

as load increased (r= 0.43), while the relationship between work/college loads and RPE 

scores remained inconclusive (r= 0.12 & r= 0.63). 

 

The outcomes of the neuromuscular fatigue testing, which was measured by CMJ and 

RSI are shown in Figures 1 and 2 respectively, with the results shown in Table 1. The 

variability in perceived levels of fatigue and average weekly load over the testing period 

can be seen in Figures 3 and 4, with the variability in total load over the five week period 

shown in Figure 5. Each week’s mean and total loads can be seen in Table 3. Results for 

selected variables from the psychometric wellness questionnaire, which were assigned 

values between 1-10, can be seen in Table 2. In total there was 9 training sessions and 5 

matches, with 1 training session and 3 matches called off due to unforeseen weather 

conditions.  
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Table 1 – Neuromuscular fatigue testing results over the 5-week period, Mean ± SD. 

Subjects 

(n=10) 

Week 1 

(Baseline 

Mean ± SD) 

Week 2 

(Mean ± SD) 

Week 3 

(Mean ± SD) 

Week 4 

(Mean ± SD) 

Week 5 

(Mean ± SD) 

CMJ (cm) 37.07 ± 4.49 
35.44 ± 

4.55* 

35.70 ± 

4.33* 

34.99 ± 

4.85* 
34.9 ± 4.01* 

RSI 1.52 ± 0.34 1.47 ±0.43 1.44 ± 0.37 
1.28 ± 

0.28** 

1.21 ± 

0.23** 

 * Indicates significant decreases from baseline mean CMJ scores. 

 ** Indicates significant decrease from baseline RSI scores. 

 

Table 2 – Results of Psychometric Wellness Questionnaire (1-10) over the 5-week 

period, Mean ± SD  

 

Week 1 

(Baseline 

Mean ± SD) 

Week 2 

(Mean ± SD) 

Week 3 

(Mean ± 

SD) 

Week 4 

(Mean ± 

SD) 

Week 5 

(Mean ± 

SD) 

Fatigue (AU) 4.07 ± 2.10 4.10 ± 1.55 4.30 ± 1.98 5.15 ± 1.43 4.38 ± 1.94 

Muscle Soreness 

(AU) 
2.47 ± 1.81 2.75 ± 1.37 2.80 ± 1.37 4.19 ± 1.72 4.73 ± 1.85 

Sleep Quality 

(AU) 
6.60 ± 1.59 6.75 ± 1.07 7.00 ± 1.41 6.85 ± 1.19 6.85 ± 1.54 

Stress (AU) 2.97 ± 1.99 3.30 ± 1.84 2.80 ± 1.64 2.73 ± 1.59 2.85 ± 1.38 

 

 

Table 3-  Mean Weekly ( ± SD) and Total Weekly  Load figures over the 5-week period. 

Load 

(sRPE x 

Duration) 

Week 1 

(Baseline) 
Week 2 Week 3 Week 4 Week 5 

Mean 

Load 
0 

731 ± 

75.92 

443.25 ± 

65.02 

501.11 ± 

119.70 

536.58 ± 

199.50 

Total Load 0 731 886.5 1026 1611.22 
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The mean CMJ height from Week 1 (Baseline) was 37.07cm. A decrease from the 

baseline mean was seen in Week 2, Week 3, Week 4 and Week 5, with CMJ heights of 

35.44cm, 35.7cm, 34.99cm and 34.9cm respectively. The percentage decrease, of each 

week’s CMJ scores, from baseline scores and subsequent P values were 4.4% (P= 0.005), 

3.7% (P= 0.021), 5.6% (P= 0.043 ) and 5.9% ( P= 0.035). Each weekly CMJ mean 

showed a significant difference when compared to baseline CMJ mean. The decreases in 

CMJ performance across the 5 weeks correlates strongly with the increase in average 

weekly load (r= -0.85) and total weekly load (r= -0.92), which can be seen below in 

Table 4. This showed that the increase in weekly load had a negative effect on 

neuromuscular function, as tested by CMJ.  

 

 

Figure 1 – Counter Movement Jump Height (CMJ) during the 5-week period, Mean ± 

SD 

 

The results of the  DJ test, which measured RSI, can be seen in Table 1, with this data 

being visually represented in Figure 2. The mean RSI from the baseline week was RSI = 

1.52 which, like CMJ, also decreased over the course of the 5-week testing period.  Week 

2 and Week3 mean RSI scores decreased from baseline mean by 3.29% (P= 0.658) and 

5.26% (P= 0.382) respectively, neither of which were significant decreases. Significant 
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decreases from baseline scores were seen in Week 4 and Week 5 with a decrease 15.79% 

( P= 0.012)  and  20.39% (P= 0.013) respectively. These significant decreases show that 

when players are subject to two training sessions and one match per week (as was the 

case in Week 4 and Week 5) then RSI scores suffer from large decreases in performance. 

The decline in RSI scores correlates moderately with the increase in average weekly load 

(r=0.40), but correlates very largely with total weekly load  (r=0.89), which can be seen 

in Table 4. 

 

 

Figure 2 – Reactive Strength Index (RSI) during the 5-week period, Mean  ±  SD. 

 

Table 4 – Correlation Values (r) between Load, Test Measures and Perceived Fatigue 

Levels  

 Mean Load Magnitude Total Load Magnitude 

CMJ -0.85 Very Large -0.92 Almost Perfect 

RSI -0.40 Moderate -0.89 Very Large 

Fatigue 0.22 Small 0.43 Moderate 
 

Nine out of the ten participants who took part in the study had jobs and/or went to college, 

with one participant neither working nor going to college. Of the nine, six had full time 

jobs (n=6) and three were full time college students who worked part-time (n=3). The 
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amount of time spent in work, college or both prior to each training session/match was 

recorded, with the mean data shown in Table 5. Correlations values were calculated to 

assess the relationship between time spent in work and RPE scores, and also between 

time spent in college and work with RPE scores, which can be seen in Table 6. A large 

correlation was seen between time spent in full time work prior to training/matches on 

RPE scores after training/matches (r= 0.63). A small correlation (r=0.12) was seen 

between time spent in both college and work prior to training/matches and RPE scores 

afterwards. Both sets of correlation scores are visually displayed in Figure 3 and Figure 

4 respectively.  

 

Table 5 – Mean amount of time(in hours) spent in full-time work or college and part-time 

work prior to each training/match during the 5-week period. 

 
Week 1 

(Baseline) 
Week 2 Week 3 Week 4 Week 5 

Full-time work 

(n=6) 
5.59 hours 8.17 hours 8.17 hours 6.43 hours 7 hours 

College Student 

& 
4.89 hours 2.67 hours 5.67 hours 1.63 hours 4.44 hours 

Part-time work 

(n=3) 
3 hours 6 hours 2 hours 4.25 hours 0 hours 

 

 

Table 6 – Correlation (r) values and magnitude between Mean time spent in work/college 

& prior and Mean RPE values. 

 
Full-time work (n=6) 

College Student & 

Part-time work (n=3) 

r Value 0.63 0.12 

Magnitude Large Small 
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Figure 3 - Correlation (r=0.63) between Mean Work Hours and Mean RPE scores 

 

 

Figure 4 – Correlation (r=0.12) between Mean Time spent in College + Work and 
Mean RPE scores 
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5.0 Discussion 

 
5.1 Purpose of the Research 

 
Fatigue can play a huge role in the performances of soccer players (Rampinini et al. 2007) 

and as fatigue is a difficult concept to define, the measurement of fatigue can be equally 

problematic (Abbiss & Laursen, 2007).  The purpose of this study was to monitor loads 

faced by amateur soccer players which may have an impact on overall fatigue and 

performance levels, be it through training, matches, work or college, and assess 

neuromuscular fatigue levels in those players. There is similar research in the area of 

monitoring training load, assessing neuromuscular fatigue through jump tests and using 

wellness scores in both soccer and rugby (Oliver et al. 2008; Oliver et al. 2015; Thorpe 

et al. 2015), however there was a gap in terms of amateur soccer, and looking at load 

factors such as work and college. This study was designed to incorporate the loads faced 

by amateur players, and assess neuromuscular fatigue in players using cost-efficient 

methods to make them more applicable in an amateur sporting context where finances are 

limited. The research questions in the study were as follows; 

- Is there a relationship between load and measurements of fatigue (CMJ & RSI)? 

- What are the effects of training and match loads on perceptual levels of fatigue? 

- Is there a relationship between time spent in college/work prior to 

training/matches have on players’ RPE scores? 

 

5.2 Overview of Results 

 
The study monitored the training and match loads encountered by amateur soccer players 

(n=10), while monitoring wellness scores and tested for lower-limb neuromuscular 

fatigue using jump tests (CMJ & DJ). As load increased, both mean CMJ and RSI scores 

decreased from anywhere between 3%-20%. This decrease in jump performance, along 

with examining perceived ratings of fatigue from the players, was an indication that 

fatigue levels increased in players over the course of the study. As previously mentioned, 

mental and neuromuscular fatigue can have a negative effect on technical and physical 

performance in soccer (Badin et al. 2016; Rampinini et al. 2007). This negative impact 

of fatigue could have a detrimental impact on both individual player performance and 

thus the overall performance of the team.  
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Mean and total load increased throughout the course of the study, which was a result of 

matches and training sessions being called off due to bad weather in the study first three 

weeks of the study. Wellness scores fluctuated throughout the course of the study, while 

perceived fatigue levels increased as the study went on, in correlation with the increase 

in load placed upon the players. Time spent in college/work prior to training and matches 

was also monitored throughout the course of the study, with a correlation shown between 

this external load and players’ RPE scores from after training and matches. 

 

5.3 Load and Measurements of Fatigue 

 
Based on the results of this study, a relationship was seen between the increase in load 

and decrease in jump scores, the measurement of neuromuscular fatigue which was 

used.  An almost perfect negative correlation between total weekly load and mean CMJ 

scores (r=-0.92) and a very large negative correlation (r=-0.89) between total weekly 

load and RSI scores. This negative correlation is in agreement with Thorpe et al. (2015), 

where fluctuations in jump scores correlated strongly with fluctuations in load. It is also 

in agreement with Oliver et al. (2015), where CMJ height was sensitive to accumulated 

fatigue levels and RSI was sensitive to acute fatigue levels. In a similar style study Sams 

et al. (2017) recorded a slight positive correlation between training load and squat jump 

(SJ) height, which contradicted the results of this study. The contrast in results was due 

to the aim and proactive protocol put in place in the Sams et al. (2017) study with the 

college students who took part. The aim was to maintain jump height throughout the 

season as a method of keeping fatigue to a minimum. To maintain this, if supra-normal 

training load was recorded or a decline in squat jump (SJ) height was recorded, then the 

athlete involved would see reductions in training volume, did extra recovery training or 

got a reduction in game minutes. This is in contrast to the participants in this research, 

where they carried on training and playing matches as normal even when jump or 

wellness scores showed a decline. The Sams et al. (2017) paper shows the benefits and 

practical application of a fatigue and load monitoring system, where fatigue in athletes 

can be kept to a minimum, in a relatively simplistic manner by altering training plans. 
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5.4 Perceptual Levels of Fatigue and Load 

 
In this study, there was a small positive correlation (r=0.22) and moderate positive 

correlation (r=0.43) shown between mean weekly load and total weekly load 

respectively. This highlights that there is a relationship between load and perceptual 

levels of fatigue in amateur athletes, which could be potentially used as a method of 

preventing fatigue.  A review paper by Saw, Main & Gastin (2015), highlighted that the 

self-reporting of well-being and fatigue showed greater sensitivity to acute and chronic 

training loads when compared to objective measures, and that decreases in training load 

improved subjective well-being. The opposite of this relationship can be seen in this 

study, where an increase in training and match load led to a decrease in well-being and 

increase in perceptual fatigue scores. Thorpe et al. (2015) also found a significant 

correlation between increase in load and perceptual fatigue levels, as load increased so 

did perceived fatigue levels in soccer players, which was in agreement to the results of 

this study. 

 

5.5 Time Spent in College/Work and RPE Scores 

 
There isn’t much of the way in research directly related to the topic of the effect of college 

and work-loads on athletes RPE scores. In amateur sports, this is something which has an 

impact on athletes and their performance levels. In this study a correlation of r=0.63 was 

found between hours spent in work prior to training/matches and players’ RPE scores 

after training/matches. There was correlation of r=0.12 between time spent in college and 

part-time prior to training/matches on RPE scores. The large fluctuations in correlation 

values could be down to the very small sample numbers, n=6 and n=3 respectively. As 

previously mentioned there is a relationship between training loads and levels of 

perceptions in athletes (Rampinini et al. 2007; Saw, Main & Gastin, 2015; Thorpe et al. 

2015), so it isn’t beyond reason that a relationship between college and work-loads could 

also have an effect on perceptual feelings in amateur athletes.  Badin et al. (2016) looked 

at the effect of mental fatigue on RPE scores and found that perception of effort was 

higher in mentally fatigued players, which was also in agreement with previous research 

in the area. Amateur players could well be mentally fatigued coming into 

training/matches from being at work and college, which could most certainly impact on 

their RPE scores and perceived fatigue levels. Further research would be required to 
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examine the validity of this theory and also to examine the relationship and effect that 

time spent in college and work prior to training/matches has not only on RPE scores but 

also on fatigue levels. 

 

5.6 Conclusion 

 
To conclude, findings show that there is a relationship between load, when measured 

using sRPE, and markers of neuromuscular fatigue, as indicated through jump scores in 

amateur soccer players. As load increased, players’ jump scores decrease, indicating 

that fatigue was in fact hindering the jump performance. A relationship was also seen 

between perceived levels of fatigue and weekly load, with an increase in weekly load 

leading to an increase in perceived fatigue levels. Along with the decrease in jump test 

scores, the increase in perceptual fatigue gives a further indication that players are 

suffering from neuromuscular fatigue and also potentially mental fatigue, both of which 

have been shown to hinder athletic performance. Although small correlations were 

found between the amount of time spent in college/work prior to training and matches 

on players’ RPE scores, as subject numbers were low, further research into the area 

would needed to be conducted to validate this theory. Overall, the monitoring of load 

using sRPE and assessing neuromuscular fatigue through jump testing showed to be a 

simple and cost-efficient method, and one which amateur sports could utilize and 

potentially benefit from in terms of reducing fatigue amongst athletes. 

 
5.7 Limitations 

 
As with the majority of research, there is always going to be limitations. In this study, 

there were numerous limitations which impacted on the overall outcome of the study 

during the testing period. There was a selection bias in this study, as all participants were 

selected from the same amateur soccer team, and may not have been an accurate 

representation of the entire population. Sample size was another limitation to the study, 

which started with 11 participants. During the first week one participant had to relocate 

due to work reasons, and therefore the study had only 10 participants. A larger sample 

size might have given a more accurate representation of the amateur soccer population. 

Unlike professional sport/soccer where matches are very rarely abandoned due to 

weather, in amateur soccer, both matches and training sessions regularly affected by the 

surrounding weather conditions. During this study, one training session and three matches 
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were called-off due to poor weather conditions, with the training session missed being 

scheduled as one of the jump-testing sessions, which unfortunately could not be re-

scheduled, meaning the study included 5 jump test scores instead of 6 sets of results.  

Another limitation to the study, again due to the amateur nature of the sport, was 

compliance levels in training session attendance, wellness questionnaire, and jump 

scores. These compliance rates were impeded due to a number of reasons, for example 

work commitments and injuries sustained while playing. For the jump testing, 1 player 

missed two weeks of testing due to injury, with 1 other player missing a testing session 

due to injury. This equates to a total of 94% compliance for jump testing, which was 

greater than originally anticipated. As there were 9 training sessions and 5 matches during 

the testing period, this equates to 14 sets of results for Wellness Scores and sRPE for each 

participant (n=10). This means there was a maximum of 140 results for Wellness Scores 

and a maximum 140 sets of results for sRPE. For wellness scores, 10 sets of results out 

for 140 in total were not completed, due to athletes being injured/missing prior to 

training/matches. This equates to a compliance level of 92.9%. For sRPE, 124 results out 

of a possible 140 were completed, meaning a compliance level of 88.6%. This number 

was slightly lower than Wellness Scores as some players were missing, injured or 

suspended for training sessions/matches. As the testing was done in real life situation with 

amateur players, 100% compliance could not have been expected.  

 

5.8 Practical Application/Advice for Coaches 

 

This study shows the potential benefits of using an athlete monitoring system. If coaches 

want to assess fatigue amongst their athletes, especially at amateur level, then the use of 

sRPE to measure load, wellness questionnaires, and jump testing (be it through the My 

Jump application or other methods – jump mats, Opto Jump etc.) could be a useful tool. 

This cost efficient method showed relationships between load, perceived fatigue levels 

and jump test scores, indicating that as training/match load increased, players perceived 

ratings of fatigued increased, along with a decrease in their jump scores. Coaches could 

use the results of jump testing to show a decrease in neuromuscular performance, which 

in turn would lead to a decrease in sporting performance. From interpretation of the 

results, coaches could adjust training sessions and match time, with the aim of reducing 

fatigue levels, thus allowing players to recovery more, and be ‘fresher’ for when it comes 

to game/competition time so they can perform at the best of their abilities. The coach 

could also take a more individualistic approach by looking at players’ individual 
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fluctuations in load, wellness scores and jump scores rather than looking at the group as 

a whole, which was done in this study.  

 

5.8 Future Recommendations 

 
Future studies based on this research, could perform this study over a larger time period, 

which could give a greater indication and understanding of fatigue in amateur athletes. A 

bigger sample size could be more beneficial, and the impact of fatigue across different 

populations (i.e. different amateur sports) could also be investigated. There is potential 

for a control group within the study, to compare RPE scores of athletes who work/go to 

college against athletes who may not attend college or work. This would give a greater 

indication of the impact going to college/work prior to training would have on RPE scores 

and fatigue levels, as it is such an important factor to take into consideration in amateur 

sports. 

 

Fatigue is such an extensive topic and undoubtedly plays a major role in sporting 

performance. As there is still no ‘gold standard’ for quantifying fatigue, it will always be 

an area which can be researched. The need for reducing fatigue in athletes, both amateur 

and professional, will always be there. This is evident with new methods for measuring 

and reducing fatigue surfacing consistently, and evolving over time. 
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7.0 Appendices: 

7.1 Appendix A: Borg’s CR10 RPE scale modified Foster et al. (2001) 
 

Rating Descriptor 

0 Rest 

1 Very, very easy 

2 Easy 

3 Moderate 

4 Somewhat hard 

5 Hard 

6  

7 Very Hard 

8  

9  

10 Maximal 
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7.2 Appendix B:  Psychometric Wellness Questionnaire on Google Forms 

 

• Name: ………………………………………. 

 

• Muscle Soreness: 

No Soreness         Very Sore 

1 2 3 4 5 6 7 8 9 10 

          

 

• Perceived Fatigue Levels: 

No Fatigue                  Feeling Very Fatigued

 

 

  

 

• Hours of Sleep: ……………………………… 

 

• Rating of Sleep: 

 

Very Poor Sleep                 Perfect Sleep 

1 2 3 4 5 6 7 8 9 10 

          

 

• Stress Levels: 

No Stress                    Very Stressed 

1 2 3 4 5 6 7 8 9 10 

          

 

• Hours Spent in Work: ……………………………… 

 

• Hours Spent in College: ……………………………… 

  

1 2 3 4 5 6 7 8 9 10 
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7.3 Appendix C: Clearance Form 

Approval has been granted for the methodology outlined by _______________________ 

(student) and clearance has now been given for the project to proceed.  

 

Signed: (Advisor)  

 

Note: All students who wish to test or measure human subjects should supply the 

Physiology Lab Technician (Bruce Wardrop) with a signed copy of this form and the 

approved methodology. Failure to comply with these requirements may result in 

disciplinary action as well as a failed grade.  

 

Student’s signature ...................................................... Date................................................  

 


