
1 
 

1 
 

Acute Effects of a Fatiguing Protocol on Peak Force and Rate of Force Development of the Hamstring 

Muscles in Soccer Players  

Authors: 

Francesco Bettarigaabcd, Chris Bishopd, Luca Martorellie, Anthony Turnerd, Stefano Giuseppe Lazzarinif, 

Cristiano Algerie, Luca Maestronide 

 

a Exercise Medicine Research Institute, Edith Cowan University, Joondalup, Australia 

b School of Medical and Health Sciences, Edith Cowan University, Joondalup, Australia 

c StudioErre, Via della Badia, 18, 25127 Brescia (BS), Italy 

d London Sport Institute, School of Science and Technology, Middlesex University, Greenlands Lane, London, 

United Kingdom 

e ReAct, Via Madonna della Neve 24, 24121, Bergamo (BG), Italy 

f IRCCS Fondazione Don Carlo Gnocchi, Milan, Italy 

Corresponding author: 

Francesco Bettariga  

Exercise Medicine Research Institute 

Edith Cowan University 

270 Joondalup Drive, Joondalup, WA 6027 

Australia 

Orcid: 0000-0002-4977-5494 



2 
 

2 
 

Email: francescobettariga@gmail.com 

All authors have reviewed and approved the final version of this manuscript 

 

Francesco Bettariga mail: francescobettariga@gmail.com 

Chris Bishop mail: C.Bishop@mdx.ac.uk 

Luca Martorelli mail: luca11m@yahoo.it 

Anthony Turner mail: a.n.turner@mdx.ac.uk  

Stefano Giuseppe Lazzarini mail: slazzarini@dongnocchi.it 

Cristiano Algeri mail: algericristiano@gmail.com 

Luca Maestroni mail: lucamae@hotmail.it 

mailto:francescobettariga@gmail.com
mailto:C.Bishop@mdx.ac.uk
mailto:luca11m@yahoo.it
mailto:a.n.turner@mdx.ac.uk
mailto:slazzarini@dongnocchi.it
mailto:lucamae@hotmail.it


3 
 

3 
 

ABSTRACT 1 

Hamstring strain injuries (HSI) represents a significant burden in soccer. High speed running is one of the 2 

most common HSI mechanism, in particular during match congested periods. Peak force and rate of force 3 

development (RFD) of the hamstring muscles tested at long muscle length have shown reductions following 4 

fatiguing tasks. However, no study has used a meticulous fatiguing protocol nor reliability scores have been 5 

provided. Hamstring peak force, RFD50-100 and RFD100-150 were assessed at long muscle length in 19 soccer 6 

players (26.0 ± 4.1 years) before and after the repeated sprint ability (RSA) test. We aimed to calculate 7 

reliability scores for both limbs before and after the fatiguing task, and to compare peak force, RFD50-100 and 8 

RFD100-150 following the RSA test to baseline values. Peak force displayed “excellent” reliability scores before 9 

and after the RSA test, whereas RFD ICC showed “good” values in both time points, but CV scores were not 10 

acceptable (i.e., > 10%). Significant moderate to large decreases were found in peak force (g = -1.11 to -0.90), 11 

RFD50-100 (g = -1.37 to -1.11) and RFD100-150 (g = -0.84 to -0.69) in both dominant and non-dominant limbs. 12 

Maximal isometric peak force, RFD50-100 and RFD100-150 of the hamstrings tested at long muscle length reduced 13 

following the RSA test. However, only peak force displayed “excellent” reliability scores, whereas RFD 14 

measures could not be considered acceptable owing to their lower reliability scores. Thus, practitioners can 15 

be confident about peak force changes, whilst caution should be used when examining such changes in RFD. 16 

Keywords: Football, posterior chain, rapid muscle contraction, strength 17 
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INTRODUCTION  18 

Hamstring strain injuries (HSI) represent a significant burden in soccer, typically resulting in approximately 19 

17 days lost from training and competition per season [1, 2]. These account for 37% of all muscular injuries 20 

in soccer [2], and it has been reported that 70% of HSI among soccer players occur during high-speed running 21 

[3, 4]. HSI mechanisms likely involve high muscle-tendon unit forces and rapid elongation during the terminal 22 

swing-phase of sprinting [5], and, despite preventative strategies often being implemented (e.g., Nordics) [6, 23 

7], HSI rates have not decreased in recent years [8-13]. It is worth noting that high-intensity running distance, 24 

actions and number of sprints increased by approximately 30%, 50% and 85% in men’s professional soccer in 25 

recent observations across multiple seasons [14]. In addition, being unavailable to play due to HSI has been 26 

shown to have a detrimental effect on individual [15] and team performance [16], squad match physical 27 

outputs [17], and overall team success [18]. Thus, it seems logical that all staff involved in injury prevention 28 

and performance enhancement should strive to examine and explore variables associated with HSI.  29 

During competitive matches, soccer players are required to perform repeated actions such as sprinting, 30 

jumping and change of directions, which require both high forces and high velocities over short periods of 31 

time, while concurrently covering large total running distances [19]. As a consequence, a decline in 32 

performance during competition occurs as result of fatigue [20]. A common method of assessment to 33 

determine an athlete’s neuromuscular fatigue is the countermovement jump (CMJ), where a range of metrics 34 

are available if practitioners have access to force platforms (e.g., jump height, force, impulse, etc.). However, 35 

for those who do not have access to this equipment, smartphone apps such as My Jump 2 are able to 36 

accurately determine how high an athlete can jump, enabling some method of assessing jump performance 37 

to virtually the same degree of accuracy as a force platform (ICC = 0.997, 95% CI: 0.996–0.998, p < 0.001) [21, 38 

22]. Although jump height represents only the performance measure of a CMJ, previous research has 39 

highlighted it is sensitive to change after competition in soccer players [23]. Also, the rate of torque 40 

development (RTD) of the hamstrings tested at long muscle lengths (i.e., 30° of knee flexion) between 0-50 41 

ms and 0-200 ms, rather than maximal strength, has been shown to be negatively affected by a soccer match 42 

(∼16% decrease in RTD0–50 [95% CI: 3.15–50.4] p = 0.029, and ∼11% RTD0–200 [95% CI: 2.64–17.2] p = 0.011) 43 
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[19]. However, rate of force development (RFD) measures during the early phase of contraction commonly 44 

display lower reliability scores than peak force values [24, 25]. Therefore, to detect if “real” changes in RFD 45 

occur following fatigue, these need to be greater than the subsequent test variability (coefficient of variation 46 

[CV]). Naturally, this highlights the importance of including reliability data in research studies so practitioners 47 

can distinguish between ‘the signal and the noise’ [26].  48 

Undertaking an in-depth analysis of sprinting (beyond measures such as time and velocity) on the field is 49 

challenging owing to the time needed to analyse videos and methods needed to gather detailed 50 

biomechanical variables (e.g., ground reaction forces, ground contact time, and limb stiffness, for example). 51 

For this reason, surrogate measures associated with sprinting biomechanics appear imperative when dealing 52 

with the prevention and management of HSI. For instance, strength (especially peak force) represents a key 53 

foundational quality of velocity [27], and it is one of the most recommended physical qualities to be included 54 

in HSI prevention and rehabilitation programmes [28, 29]. Similarly, RFD, which represents the rate of force 55 

expressed in a pre-defined time period, can be useful when examining rapid muscle contractions. Indeed, 56 

significant strain and rapid eccentric overloading on the hamstring muscles occur at long lengths and in less 57 

than 250ms [30]. In addition, most HSI occur at the end of each half, when athletes are in a fatigued state 58 

[31, 32]. Owing to the aetiology of HSI, investigating how both peak force and RFD respond to fatigue seems 59 

of utmost importance for practitioners. 60 

Isokinetic dynamometry (IKD) has the potential to isolate the hamstring muscles and examine both 61 

concentric and eccentric values at different range of movements and velocities [33]. Similarly, the Nordbord 62 

has shown high test-retest reliability (ICC = 0.91 [0.76 to 0.96]) and good validity (ICC = 0.82 [0.58 to 0.93]) 63 

compared with peak forces shown during IKD [34]. However, IKD testing is time-consuming and only suitable 64 

to a laboratory setting, whereas the Nordbord provides information on hamstring strength at shorter muscle 65 

lengths. Therefore, when considering the angles at which HSI most commonly occur during sprinting (i.e., 30° 66 

of knee flexion), it seems logical to assess hamstring muscle peak force and RFD in such a position. 67 

Furthermore, such information is currently unavailable in the literature, especially after competition or 68 

repeated high-intensity exercise. However, due to the different playing positions and match demands, not 69 
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all soccer players will be exposed to the same amount of external load during competition. Therefore, a 70 

fatiguing protocol which pre-defines the distance each player has to run, may help in mitigating such issues 71 

by ensuring each athlete is exposed to the same volumes of running. In this regard, a repeated sprint ability 72 

(RSA) test may represent a useful protocol for practitioners to expose their athletes to [35].  73 

Therefore, this study aimed to 1) calculate reliability scores of maximal isometric peak force and RFD between 74 

50-100 ms and 100-150 ms (RFD50-100 and RFD100-150) of the hamstrings tested at long muscle length before 75 

and after the RSA test; and 2) examine the fatigue-induced changes in maximal isometric peak force and in 76 

RFD50-100 and RFD100-150 following the RSA test. 77 

 78 

METHODS  79 

Experimental approach to the problem 80 

An experimental trial design was used to determine the effects of an RSA test on maximal isometric peak 81 

force and RFD50-100 and RFD100-150 in semi-professional soccer players. After a standardized warm-up, subjects 82 

performed 3 maximal CMJ and 3 maximal isometric contractions, followed by 6 x 40-meter sprints (i.e., RSA) 83 

on a soccer pitch. Immediately after, subjects were required to repeat the tests in the same order (i.e., CMJ 84 

and maximal isometric contraction) in a fatigued state. To ascertain the degree of fatigue, an objective 85 

measure (i.e., jump height during a CMJ) was collected (Figure 1). This protocol provided the ability to 86 

evaluate isometric peak force and RFD before and after a fatiguing test (i.e., RSA). Such results were used to 87 

run a reliability analysis and to detect if “real” changes occurred following the RSA test.  88 

 89 

Subjects  90 

Nineteen semi-professional male adult soccer players from a soccer club (competing at regional and national 91 

level, regularly training 4 times per week [identifiable as Tier 2 [36]) volunteered to participate in this before-92 
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and-after study on the same day (subject characteristics are in Table 1). A minimum of 18 subjects was 93 

established from a priori power analysis using G*Power (Version 3.1, University of Dusseldorf, Germany) 94 

implementing statistical power of 0.8 and a type 1 alpha level of 0.05, which has been used in comparable 95 

literature [37]. Subjects were included if they fulfilled the following inclusion criteria: 1) older than 18 years 96 

of age, 2) no muscle injuries occurred in the last 6 months, 3) no absence from competition > 28 days over 97 

the last 12 months and, 4) no orthopaedic surgery in the last 12 months (e.g., anterior cruciate ligament 98 

reconstruction). The dominant limb was established asking the subjects which limb they prefer to perform a 99 

unilateral vertical jump [38]. All subjects were informed about the purpose of the study and the informed 100 

consent was given before the start of the experimental study according to the Declaration of Helsinki 2013. 101 

Ethical approval was granted by the London Sport Institute research and ethics committee, Middlesex 102 

University, UK. 103 

 104 

Procedures 105 

All procedures and analysis were conducted by the authors (with > 5 years of experience in the relevant test 106 

procedures). A standardized dynamic warm up was performed before the testing protocol, consisting of 2 107 

sets of 10 repetitions of overhead squats, forward lunges, crab walks, glute bridges, and pogo jumps. 108 

Subsequently, 5 trials of CMJs and 5 incremental 20-meter linear sprint and 180° change of direction (COD) 109 

speed tests at 60, 80 and 100% of their maximal perceived effort were completed [37].  110 

Then, subjects were required to perform 3 trials of CMJ, with the average value used for the subsequent 111 

analysis. A sixty-second rest period was provided between trials during the CMJ test. A 3-minute rest period 112 

was given between the CMJ test and maximal isometric contractions. For the maximal isometric contraction, 113 

subjects completed 3 unilateral maximal isometric contractions on each leg. They laid on the floor with one 114 

heel on the force plate and the heel of the non-working leg resting on the floor below the plinth, with the 115 

average value used for subsequent analysis (Figure 2). A sixty-second rest period was provided between trials 116 
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during the same maximal isometric contraction [25]. All subjects were required to start the test with the right 117 

leg first. 118 

Subsequently subjects were required to complete 6 rounds of 40-meter sprints (i.e., RSA test), consisting of 119 

20 meters sprint, 180° change of direction and 20 meters sprint. Twenty-second rest period was given 120 

between each trial. For the RSA test, the starting leg was arbitrarily chosen by the subjects. However, subjects 121 

were asked to alternate both the right and left leg during the 180° COD. Three CMJs were also executed 122 

immediately after the RSA and CMJ height measures were collected [39, 40]. After that, subjects performed 123 

3 trials of maximal isometric contractions with each leg, as previously described, but in a fatigued state. 124 

Maximal isometric contractions and jump testing were conducted in the gym with trainer shoes, whilst RSA 125 

test was completed on the grass football pitch with football boots. Assessments were conducted in the 126 

morning (i.e., 10 am, 24° degrees and sunny) and subjects were asked to refrain from any strenuous physical 127 

activity at least 48 -hours before the testing protocol.  128 

 129 

Countermovement Jump. Subjects were instructed to jump bilaterally and place their hands on their hips for 130 

the duration of the test. The jump was performed executing a countermovement immediately followed by 131 

an explosive vertical jump, with an aggressive extension at the ankle, knee, and hip. Subjects were instructed 132 

to jump whenever they wanted after the signal “go”. Examiners’ verbal instruction was to “jump as high as 133 

possible”. During the jump, the limbs had to remain completely extended during the flight phase before 134 

landing on the floor. Subjects were required to maintain the position described after the landing for 3 135 

seconds. Jump height in centimetres was recorded using the validated and reliable “My Jump 2” smartphone 136 

app [41]. 137 

 138 

Maximal isometric contraction. Subjects were instructed to lie on the floor, with 30° flexion at knee joint 139 

(measured with a goniometer), the heel of the working leg on the force plate, the heel of the non-working 140 

leg resting on the floor below the plinth, and arms across their chest (Figure 2). The test was performed on 141 



9 
 

9 
 

each leg executing an explosive downward contraction with the heel stable on the force plate and without 142 

lifting their buttocks [25]. Subjects were instructed to push whenever they wanted after the signal “go”. 143 

Examiners’ verbal instruction was to “push as hard and fast as possible”. Subjects were required to push for 144 

5 seconds. All data were recorded at a sampling rate of 1000 Hz using 2 PASCO (PS-2142, PASCO, Pass-port 145 

PS-2142, Roseville, USA) force platforms [42]. The force-time curve was obtained using Spark software. 146 

Maximal isometric peak force was defined as the highest force value produced (N). RFD was calculated as the 147 

average slope of the force-time curve (N/s-1) over time intervals of 50-100 ms and 100-150 ms relative to the 148 

onset of contraction.    149 

 150 

6 x 40-meter Repeated Sprint Ability Protocol. Subjects were instructed to stand behind the starting line with 151 

both feet in a crouching position. They were allowed to choose independently the preferred leg to start the 152 

test. Vertical poles were placed at 0 and 20 meters. Subjects were instructed to sprint, whenever they wanted 153 

after the signal “go”, 20 meters through the poles and then perform a 180° turn off, with both the right and 154 

the left leg, and sprint for other 20 meters. Examiners’ verbal instruction was “sprint and turn off as fast as 155 

possible” [35].  156 

 157 

Statistical Analyses 158 

All data were initially recorded as mean and standard deviation (SD) in Microsoft Excel and later transferred 159 

to SPSS (version 25.0; SPSS, Inc., Armonk, NY). Normality was analysed using the Shapiro-Wilk test, with p 160 

value > 0.05 meaning that data were normally distributed. An average-measures two-way random intraclass 161 

correlation coefficient (ICC) with absolute agreement and 95% confidence intervals, and coefficient of 162 

variation (CV) were used to assess the within session reliability of tests. ICC values were interpreted as 163 

follows: > 0.9 = excellent, 0.75–0.9 = good, 0.5–0.75 = moderate, and < 0.5 poor [43]. The CV was calculated 164 

using the formula: (SD [trials 1–3] / average [trials 1–3] x 100), with values < 10% deemed acceptable [44].  165 
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Paired samples t-tests were used to calculate changes in CMJ jump height, peak force, RFD50-100 and RFD100-166 

150 from pre- to post-RSA test, with statistical significance set at p < 0.05. Bonferroni correction was applied 167 

to reduce the risk of type I error with multiple statistical tests. Percentage changes (% change) from pre- to 168 

post-RSA test were also calculated for each player, using the formula: [(final value - initial value) / initial value] 169 

and then averaged. Hedges’ g effect sizes with 95% confidence intervals, were also determined to showcase 170 

practical significance from pre- to post-RSA [45]. Hedges’ g was classified as follows: 0.0-0.25 = trivial, 0.25–171 

0.50 = small, 0.50–1.00 = moderate, > 1.00 = large [46]. 172 

Kappa coefficients were used to determine levels of agreement for how consistently limb dominance 173 

favoured the same limb from pre- to post-RSA test, and values were interpreted as: ≤ 0 = poor, 0.01-0.20 = 174 

slight, 0.21-0.40 = fair, 0.41-0.60 = moderate, 0.61-0.80 = substantial, 0.81-0.99 = nearly perfect [47].  175 

 176 

***Table 1 and 2, and Figure 1 and 2 here*** 177 

 178 

RESULTS 179 

All subjects were included in the analysis. Data were normally distributed (p > 0.05). Table 2 shows within-180 

session reliability data. Relative reliability (ICC) of all metrics ranged from “good” to “excellent”. Absolute 181 

reliability (CV) showed acceptable values (i.e., CV < 10%) in both pre- and post-RSA scores in CMJ and peak 182 

force values, apart from RFD50-100 and RFD100-150 (i.e., CV > 10%).  183 

Table 3 reports raw scores and percentage change from pre- to post-RSA. Results showed a significant large 184 

decrease in CMJ (jump height) (p < 0.05; g = -1.26; % change = -16%). Similarly, significant moderate to large 185 

decreases were found in peak force (p < 0.05, g = -1.11 to -0.90; % change = -24% to -16%) and RFD50-100 (p < 186 

0.05, g = -1.37 to -1.11; % change = -58% to -51%) in both dominant and non-dominant limbs. RFD100-150 187 

reported a significant moderate decrease from pre- to post-RSA in both limbs (p < 0.05; g = -0.84 to -0.69; % 188 

change = -51% to – 26%). Kappa coefficients ranged from poor (i.e., peak force and RFD 100-150) to slight (i.e., 189 
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RFD50-100) (Kappa = -0.41 to 0.16). Finally, mean and individual CMJ, peak force and RFD values are reported 190 

in Figures 3-6.  191 

 192 

***Table 3 and Figures 3-6 here*** 193 

 194 

DISCUSSION 195 

The aims of this study were to: 1) calculate reliability scores of maximal isometric peak force and RFD50-100 196 

and RFD100-150 of the hamstrings tested at long muscle length before and after the RSA test; and 2) examine 197 

the fatigue-induced changes in maximal isometric peak force and in RFD50-100 and RFD100-150 following the RSA 198 

test. The results showed that isometric peak force of the hamstrings at long muscle length displayed 199 

“excellent” reliability scores (ICC > 0.91 and CV < 10%) before and after the RSA test. In contrast, RFD50-100 200 

and RFD100-150 ICC showed “good” values in both time points, but CV scores were not acceptable (i.e., CV > 201 

10%). With regard to the fatigue-induced changes from pre- to post-RSA test, our results showed that 202 

significant moderate to large decreases were found in CMJ (g = -1.26), peak force (g = -1.11 to -0.90), RFD50-203 

100 (g = -1.37 to -1.11) and RFD100-150 (g = -0.84 to -0.69) in both dominant and non-dominant limbs. 204 

Isometric peak force of the hamstrings at long muscle lengths can be confidently used in the assessment of 205 

soccer players before and after a competitive match. Our study corroborates previous findings [25], which 206 

demonstrated “excellent” reliability scores using our identical testing position. In contrast, despite our strict 207 

methodological procedures, RFD50-100 and RFD100-150 displayed CV values which could not be considered 208 

acceptable. RFD reliability scores have consistently been found to be worse during the early phase of 209 

contraction than peak force [24, 48], and thus, changes or variations over time need to be carefully 210 

interpreted before concluding that meaningful differences have occurred. For example, reductions in 211 

hamstrings muscle rapid force capacity at long muscle length have been recently found in professional soccer 212 

players following a match, but no reliability data was provided [19]. This further strengthens the importance 213 
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of including reliability data in primary research studies, given it can be used to determine whether change is 214 

inside or outside of the variance of the test [26]. In addition, a somewhat overlooked aspect of RFD is that it 215 

is a ratio number (i.e., made up of two component parts – force and time). Previous literature has outlined 216 

that ratio data is often ‘noisier’ than individual metrics [49], as each component will exhibit error and this is 217 

then exacerbated when two metrics are combined to create one single value – in this instance, RFD. Whilst 218 

the rate at which an athlete produces force is undoubtedly important, practitioners are advised to be 219 

cautious of using RFD for any kind of monitoring purposes, owing to its inherent noise.  220 

CMJ height showed a significant large decrement (g = -1.26) after the RSA test. Numerous CMJ kinetic and 221 

performance variables (e.g., peak and mean power, peak and mean force, flight time, total impulse) derived 222 

from CMJ analysis can be sensitive to fatigue-induced changes in neuromuscular function [50, 51]. Among 223 

these, CMJ height reductions following repeated sprints have been previously reported [52, 53]. Given that 224 

take-off velocity underpins how high an athlete can jump [44], it stands to reason that reduced rapid muscle 225 

contraction capabilities occurred following our RSA protocol. Although CMJ performance is determined by 226 

other muscle groups not including hamstrings (e.g., quadriceps, glutes, and plantar flexors), it may be 227 

assumed the fatigue have contributed to reductions in jump performance. This reinforces the notion that 228 

CMJ height is a simple and useful metric that can be used to indicate neuromuscular fatigue post intense 229 

exercise, which is actually not in agreement with some previous studies [50, 54]. The underlying reasons are 230 

not fully understood and, to the best of our knowledge, further research is necessary to clearly elucidate 231 

whether or not reductions in jump performance may represent an individual response to fatigue. 232 

With regard to maximal isometric peak force from pre- to post-RSA test, our study indicated that peak force 233 

showed significant large decreases (g = -1.11 to -0.90) in both dominant and non-dominant limbs during the 234 

hamstring test at long muscle length. Importantly, when interpreting changes in test scores, this is best done 235 

by determining whether the difference is greater than the associated noise (CV) in the test [55, 56]. In this 236 

instance, changes in peak force can be considered “real”, given that CV values were ≤ 8.61% and the 237 

percentage change in raw scores ranged from 16-24%. Whilst the same can be said for RFD (i.e., percentage 238 

change was greater than the baseline CV), the absolute reliability values were unacceptable prior to the 239 
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fatigue protocol. As such, we do not advocate their implementation for practitioners whose aim is to assess 240 

hamstring rapid muscle contraction capacity.  241 

Interestingly, as an additional form of analysis in the present study, we examined Kappa coefficients which 242 

establish the consistency of limb dominance from pre- to post-RSA test, and our findings showed poor to 243 

slight levels of agreement (Kappa = -0.41 to 0.16) across metrics. This shows that from pre- to post-fatigue, 244 

the superior performing limb often shifted, which is synonymous with recent research investigating the 245 

direction of asymmetry (or limb dominance characteristics) [35]. Again, this supports the notion that 246 

examination should be performed in both conditions (i.e., in rested and fatigued states) in order to fully 247 

understand if the stronger limb continues to be superior in both scenarios. Consequently, this may inform 248 

practitioners about whether existing strength deficits are consistent between time points or whether they 249 

are fluctuations in natural performance variability.  250 

Overall, these observations suggest that force production capacity can be reduced at long hamstrings muscle 251 

lengths in fatigued states, thus increasing the vulnerability to muscular strain in high speed actions [57]. 252 

Considering the utilization of elastic energy during sprinting occur within 100 ms [58], reductions in rapid 253 

force production (i.e., RFD50-100 and RFD100-150) alter hamstring muscles force-time characteristics in fatigued 254 

states, thus theoretically increasing load and elongation on the contractile muscle units [57]. In conclusion, 255 

our study demonstrated that only peak force scores were reliable when examining a maximal isometric 256 

strength test of the hamstring tested at long muscle length before and after a fatiguing protocol. Additionally, 257 

the fatigue-induced by the RSA test negatively affected peak force, RFD50-100 and RFD100-150. 258 

The present study is not without limitations, which we must acknowledge. Firstly, our data were limited to 259 

adult male football players. Therefore, generalisation of these results to paediatric, adolescent and female 260 

athletes should not be done. Our strength assessment was conducted at only one time point following a 261 

rigorous repeated sprint protocol, and included hamstring muscle testing in a specific isometric position. 262 

Future work is needed to examine if different testing methods can improve RFD reliability scores, and if the 263 



14 
 

14 
 

magnitude of variation in hamstring peak force and rapid muscle contraction capacity following a fatiguing 264 

task, can discriminate subjects at higher risk of injury or those who have sustained a previous HSI.   265 

 266 

PRACTICAL APPLICATIONS 267 

The findings of the current study indicate that maximal isometric peak force, RFD50-100 and RFD100-150 of the 268 

hamstrings tested at long muscle length, reduced following the RSA test in male soccer players. However, 269 

only peak force displayed “excellent” reliability scores, whereas RFD measures could not be considered 270 

acceptable owing to their lower reliability scores. Our findings suggest a shift in force-time characteristics of 271 

the hamstrings at long muscle length in response to a controlled fatiguing task, and strongly recommend the 272 

inclusion of reliability scores to ascertain if such changes can be confidently considered meaningful. 273 

Therefore, practitioners can use hamstrings assessment at long muscle length in both rested and fatigued 274 

states (e.g., following the RSA protocol). This can be adopted, together with other performance tests (e.g., 275 

CMJ), to examine the effects of a fatiguing session in soccer players. However, although peak force is reliable 276 

and does show “real” changes following fatiguing tasks, particular caution should be used when examining 277 

such changes in RFD. 278 
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Table 1. Subject characteristics with data shown as mean ± standard deviations (SD). 

Age (Y) Body Mass (Kg) Height (cm) Dominant Limb 

26 ± 4.1 74 ± 5.3 179.7 ± 3.8 R = 13; L = 6 

 

Legend. y = year; kg = kilogram; cm = centimetre; R = right; L = left. 

 

 

 

Table 2. Within session reliability for each test measures at pre- and post-RSA. 

Metrics 
Pre Post 

CV ICC CV ICC 

CMJ (jump height) 2.19 0.98(0.92, 0.99) 1.41 0.99(0.98, 0.99) 

Peak force D 8.61 0.91(0.62, 0.93) 7.41 0.94(0.86, 0.98) 

Peak force ND 6.73 0.93(0.85, 0.96) 6.49 0.96(0.90, 0.97) 

RFD 50-100 D 27.44 0.77(0.60, 0.87) 23.12 0.78(0.68, 0.87) 

RFD 50-100 ND 28.77 0.76(0.63, 0.84) 22.29 0.79(0.69, 0.87) 

RFD 100-150 D 18.42 0.83(0.66, 0.90) 21.81 0.78(0.68, 0.83) 

RFD 100-150 ND 19.91 0.81(0.69, 0.88) 20.72 0.79(0.65, 0.85) 

 

Legend. CV = coefficient of variation; ICC = intraclass coefficient of variation; D = dominant; ND = non-

dominant; CMJ = countermovement jump; RFD = rate of force development; Peak force measured in Newton; 

RFD measured in Newton / seconds. 
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Table 3. Mean test scores ± SDs for pre- and post-RSA, Hedges' g effect sizes and percentage change. 

Metrics Pre Post Hedges g % change Kappa coefficients 

CMJ (jump height) 37.92 ± 5.33 31.60 ± 4.40 * -1.26 (-1.99, -0.54) -16% Pre to Post 

Peak force D 1245.46 ± 223.89 1004.77 ± 198.34 * -1.11 (-1.82, -0.40) -24% 
 -0.41  

Peak force ND 1233.89 ± 218.17 1039.88 ± 201.65 * -0.90 (-1.60, -0.21) -16% 

RFD 50-100 D 1708.44 ± 1180.73 720.82 ± 331.61 * -1.11 (-1.82, -0.41) -51% 
 0.16  

RFD 50-100 ND 1605.95 ± 960.52 610.96 ± 290.58 * -1.37 (-2.11, -0.64) -58% 

RFD 100-150 D 1170.23 ± 1451.69 261.17 ± 347.88 * -0.84 (-1.53, -0.15) -26% 
 -0.34  

RFD 100-150 ND 1093.85 ± 1631.11 254.82 ± 391.29 * -0.69 (-1.37, -0.01) -51% 

 

Legend. D = dominant; ND = non-dominant; CMJ = countermovement jump; RFD = rate of force development; * = p-value < 0.05; Peak force measured in Newton; 

RFD measured in Newton / second. 
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Figure 1. Pre- and post-RSA procedure. 

Legend. CMJ = countermovement jump; RSA = repeated sprint ability. 

 

 

 

 

 

 

Figure 2. Hamstring testing position. 
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Figure 3. Mean and individual CMJ changes from pre- to post-RSA test. 

 

 

 

 

 

Figure 4. Mean and individual peak force changes from pre- to post-RSA test in dominant (left side) and 

non-dominant limbs (right side). 
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Figure 5. Mean and individual RFD50-100 changes from pre- to post-RSA test in dominant (left side) and non-

dominant limbs (right side). 

 

 

 

 

 

Figure 6. Mean and individual RFD100-150 changes from pre- to post-RSA test in dominant (left side) and non-

dominant limbs (right side). 

 


