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Abstract  

Whilst fatigue in the days after elite rugby league match-play has been well 

documented, the specific match actions which contribute to fatigue are not well 

understood. Thus, the purpose of this study was to examine the relationship between 

the physical demands of elite rugby league match-play and fatigue in the days after. 

Twenty-eight individual performances from an English Super League team were 

captured using a 10 Hz global positioning system (GPS). Upper and lower body 

neuromuscular fatigue, plasma creatine kinase (CK) and perceptual well-being were 

assessed 24 h before, immediately after, and at 12, 36 and 60 h after a competitive 

match. Backs covered more distance during sprinting (214.5 ± 117.6 m) and high-

intensity sprinting (129.6 ± 110.9 m) than forwards (142.9 ± 86.2 and 57.1 ± 67.6 m, 

respectively), whereas forwards experienced significantly more collisions than backs 

(75.1 ± 64.1 cf. 37.6 ± 18.8). CK concentration peaked at 12 h and remained 

significantly elevated up to 60 h post-match (p < 0.05). Large decrements in counter-

movement jump (CMJ) and small to moderate decrements in repeated plyometric 

push-up (RPP) performance were evident at 12 and 36 h post-match. Well-being 

questionnaire (WQ) score was significantly decreased up to 36 h post-match (p < 

0.05), specifically large increases in perceived muscle soreness were found at 12 

and 36 h. Duration (r = 0.8), total distance covered (r = 0.79) and efforts performed 

over 18 km·h-1 (r = 0.78) were strongly associated with CK concentration. High 

intensity accelerations (r = 0.47) and decelerations (r = 0.45) were significantly 

associated with CK concentration. Total collisions and repeated high-intensity effort 

(RHIE) bouts were associated with decrements in RPP (r = -0.49 and r = -0.51, 

respectively), CK concentration (r = 0.56 and r = 0.63, respectively) and perceived 

muscle soreness (r = -0.52 and r = -0.48, respectively). The findings suggest 
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duration of match-play, high intensity running and collisions experienced were the 

strongest predictors of fatigue following elite rugby league match-play. 
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Introduction 

Team sports, such as rugby league, involve frequent bouts of high intensity, 

intermittent activity separated by more prolonged bouts of low intensity activity 

(Gabbett, King & Jenkins, 2008). The physical demands of the sport are complex, 

involving various movement patterns (sprinting, tackling, passing) and work-to-rest 

ratios (King, Jenkins & Gabbett, 2009; Sykes, Twist, Hall & Nicholas, 2009), whilst 

players are required to have well developed qualities of speed, agility, aerobic and 

anaerobic power and muscular strength to excel (Meir, 1994). Unlike many other 

team sports, rugby league includes physical contact, in which players are required to 

repeatedly undergo physical collisions. During a tackle, forwards have been reported 

to be involved in an average of 55 collisions and backs, an average of 29 collisions 

(Gissance, White, Kerr & Jennings, 2001) per match. As result of these collisions, 

players experience blunt force trauma to skeletal muscle tissue causing 

neuromuscular fatigue (McLellan, Lovell & Gass, 2011a), evident by decrements in 

muscular power and repeated sprint performance (Singh, Guelfi, Landers, Dawson & 

Bishop, 2011). Indeed, symptoms of exercise-induced muscle damage, such as 

skeletal muscle stiffness, swelling, reduced range of movement, fatigue and loss of 

strength (Cheung, Huma & Maxwell, 2003), are evident for at least 48 hours 

following match play (McLean, Coutts, Kelly, McGuigan & Cormack, 2010) and 80 

minutes of simulated rugby league exercise (Twist & Sykes, 2011). 

 

Previous studies have employed video-based time-motion analysis to quantify the 

movement patterns of team sports (King et al., 2009; Sirotic, Coutts, Knowles & 

Catterick, 2009; Sirotic, Knowles, Catterick & Coutts, 2011). Yet, video systems may 
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be subject to errors due to changes in gait during sport-specific actions (Edgecomb 

& Norton, 2006). In addition, retrospective video recording analysis prolongs the 

assessment of physical match demands, and the failure to operate in real time could 

increase measurement error (Dobson & Keogh, 2007). More recently, it has become 

common for sport scientists to use Global Positioning System (GPS) technology to 

quantify playing movements during field-based team sports. Current authorization 

within the rugby codes now allows for the use of GPS in Super League competition 

(Waldron, Twist, Highton, Worsfold & Daniels, 2011, 2011), offering a practical, non-

time-consuming method of assessing the physical demands of both training and 

competition.  

 

 

An acceptable level of reliability for total distance (CV 3.6 – 7.1%) and peak speeds 

(CV 2.3 – 5.8%) during high intensity, intermittent exercise has been reported for 

previous GPS units (Coutts & Duffield, 2008; Jennings, Cormack, Coutts, Boyd & 

Aughey, 2010). However, the co-efficient of variation for high intensity running (11.2-

32.4%) and very high intensity running (11.5-30.4%) was poor (Coutts & Duffield, 

2008), due to a low sampling rate (1 Hz). Newer GPS units which sample at higher 

rates (10 Hz), have been found to be two to three times more valid than 5 Hz devices 

at detecting instantaneous velocity (CV: 3.1 – 8.3% cf. 3.6 -11.1%)  and up to six-fold 

more reliable (CV: 2.0 – 5.3% cf. 6.3 – 12.4%) (Varley, Fairweather & Aughey, 

2012). In addition, 10 Hz devices were able to accurately detect the occurrence of an 

acceleration or deceleration (Varley, Fairweather & Aughey, 2012), and have 

demonstrated good reliability (CV <10%) for distance covered at low and high speed 

running (Johnston, Watsford, Kelly, Pine & Spurrs, 2014). The commercial 
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availability of current 10 Hz devices, with a more sensitive GPS receiver and 

improved algorithms, justifies their utilisation within current research examining the 

physical demands of intermittent, field based sports such as rugby league. 

 

Collisions and tackles are recognized as one of the most physiologically demanding 

factors within a rugby league match (Brewer, 1995), and are performed frequently 

throughout a game, with a typical range of 16 to 45 (Gabbett, Jenkins & Abernethy, 

2012; Gabbett, 2013a, Gabbett 2013b). Generally, these physical collisions or 

tackles occur between intermittent sprints, without rest, and this can be termed a 

repeated high intensity effort (RHIE) bout. Compared with repeated sprints, the 

addition of a physical collision results in a greater physiological cost (Johnston & 

Gabbett, 2011). On average, players will perform 9 RHIE bouts during the course of 

a game (Gabbett, 2012), whilst Austin, Gabbett & Jenkins (2011a) reported that 70% 

of RHIE bouts occurred within 5 minutes of a try being scored.  Thus, the monitoring 

RHIE bouts during matches appears warranted, as they may influence a team and 

individual’s performance. Recent advances in GPS technology allow for the 

immediate measurement of RHIE bouts, however, the impact of performing RHIE 

bouts on recovery post-match has yet to be investigated.  

 

During the competition phase of the rugby league season, players typically have 5 to 

9 days between matches (McLean, Coutts, McGuigan & Cormack, 2010). Thus 

monitoring fatigue after a match is important to avoid injury, performance 

decrements and overtraining for subsequent matches (Twist & Highton, 2013). 

Altogether, exercise-induced muscle damage manifests itself as a temporary 
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decrease in muscle function, increased muscle soreness, increased swelling of the 

muscles involved and an increase in intramuscular proteins in blood (Howatson & 

Van Sommeren, 2008). Accordingly previous authors have implemented  

measurements of neuromuscular function (McLellan & Lovell, 2012; Twist et al., 

2012; Duffield, Murphy, Snape, Minett & Skein, 2012; Johnston, Gibson, Twist, 

Gabbett, MacNay & MacFarlane, 2013) and biochemical markers (McLean et al., 

2010; Twist et al., 2012; McLellan, Lovell & Gass, 2010; McLellan, Lovell & Gass, 

2011b; Johnston et al., 2013) to assess fatigue after rugby league match play. 

 

Traditionally, neuromuscular fatigue has been measured by means of isolated 

maximal isometric, concentric or eccentric muscular contractions. However, 

movements involving the stretch-shortening cycle (SSC) present a complex model of 

fatigue that may not be utilized in isolated forms of movements (Wadden, Duane, 

Button, Kibele & Behm, 2012). Thus movements involving the stretch-shortening 

cycle (SSC), such as jumping, provide a more specific assessment of neuromuscular 

fatigue (Nicol, Avela & Komi, 2006). Furthermore, these can be easily used within 

the field, and generally do not increase players’ existing symptoms of fatigue (Twist 

& Highton, 2013). Previous studies have focused on lower body decrements in 

neuromuscular function, however as upper body strength and power are important 

due to the large amount of tackling and grapping during a game (Baker & Newton, 

2006), the inclusion of an upper body measure is also warranted.  

 

McLellan & Lovell (2012) found peak rate of force development (PRFD) and peak 

power (PP), during a counter-movement jump was decreased for up to 48 hours 
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post-match and peak force (PF) was decreased 30 minutes post-match. Furthermore 

very heavy and severe impacts during the game were significantly correlated to 

PRFD and PP 24 hours post-match. To date few studies have investigated the 

change in neuromuscular contractile properties following rugby league match-play 

and the relationship with match demands (Duffield, Murphy, Snape, Minett & Skein, 

2012). They found decrements in isometric maximal voluntary contraction post-

match, which was associated with match playing time and mean speeds. However 

Duffield et al. (2012) only used amateur players within this study. Differences in 

match demands between playing standards has previously been reported (Gabbett, 

2013), which warrants further investigation match demands have on fatigue in an 

elite population. In addition, Kempton, Sirotic & Coutts (2013) found a large degree 

of variability in high-speed activities (CV 14.6 – 37.9%) between matches, which 

further suggests fatigue following rugby league match-play could differ dependant on 

the demands of the matches analysed.  

 

Plasma Creatine Kinase concentration (CK) is often used as an indirect marker of 

muscle damage (Takarada, 2003) and has been advocated as a useful marker for 

monitoring inadequate recovery and muscle damage throughout a season (Hunkin, 

Fahrner & Gastin (2014). Twist et al. (2012) examined neuromuscular, biochemical 

and perceptual post-match fatigue in professional rugby league players. Large 

increases in CK were found in the 2 days after the match and this was associated 

with the number of collisions experienced during the game. However the 

examination of CK responses for up to 48 hours may not be extensive enough as 

McLellan, Lovell & Gass (2010) found CK to remain elevated for at least 120 hours 

after competitive rugby league match-play. 
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Accordingly, the purpose of the study was three-fold 1) to perform an analysis of the 

physical demands of elite rugby league match-play using GPS; 2) to assess 

immediate and prolonged fatigue post-match using biochemical markers, 

decrements in muscle function and perceptual measures; 3) to determine the 

potential relationship between match demands and fatigue post-match. 
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Literature Review  

Many studies have observed the movement demands of rugby league match play 

using various techniques. Previous research which has utilised video analysis and 

GPS was discussed. The second part of the review focused on fatigue following 

rugby league, quantified using measurements of neuromuscular fatigue, perceptual 

fatigue and changes in biochemical markers. Finally, the relationship between match 

demands and fatigue was discussed, along with the proposed mechanisms of 

fatigue. 

 

Match demands  

Video Analysis 

Video based time-motion analysis involves the quantification of movement patterns, 

where the observer codes movements, retrospectively, from video footage (Dobson 

& Keogh, 2007). A number of previous studies have utilised this method to quantify 

the physical demands of rugby league.  

 

King, Jenkins & Gabbett (2009) analysed the movement patterns of professional 

rugby league players using video analysis. One player from each of the three 

positional groups; outside backs (full-back, wing and centre positions), adjustables 

(half-back, hooker, five-eighth/standoff and loose forward) and hit-up forwards (props 

and second row), were studied over three matches. Video footage from three 

cameras were analysed using hand-motion game analysis to log frequency, distance 

covered and duration of the activities. Categories of intensity from 0 (no effort) to 5 
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(greatest effort) were assigned to different movement activities. Time spent standing 

(category 0), walking (category 1) and jogging (category 2) was regarded as low 

intensity activity. Striding and lateral movement (category 3), sprinting (category 4) 

and tackling (category 5) were considered as high intensity activity. 

 

Distance covered by outside backs (6265 ± 318 m) and adjustables (5908 ± 158 m) 

was significantly greater than that covered by hit-up forwards (4310 ± 251 m). This 

difference was attributed, in part, to a greater number of interchanges in the hit-up 

forwards as they spent approximately 21 minutes off the field of play. The absolute 

time spent in high intensity exercise during the whole match was significantly greater 

for outside backs (862 ± 99 s) and adjustables (809 ± 56 s) in comparison to hit-up 

forwards (568 ± 40 s). The relative percentage of time in high intensity exercise was 

significantly higher in outside backs (19.3 ± 1.6%) when compared with adjustables 

(15.0 ± 0.7%) and hit-up forwards (15.2 ± 0.1%) during the first half. No differences 

were found between outside backs, adjustables and hit-up forwards for the relative 

percentage of time spent in high intensity exercise during the second half (14.6 ± 

2.5, 16.8 ± 0.8 and 18.1 ± 7.3%). The exercise-to-rest (high-intensity to low-intensity) 

ratio for the adjustables was ~1:5 and for both the outside backs and hit-up forwards 

it was ~1:6. Typically the hit-up forwards strode or sprinted over short distances 

(approximately 5-6 m) before becoming involved in a tackle. Adjustables covered a 

greater distance in the lead up to a tackle (approximately 8-12 m) and spent more 

time jogging and striding/moving laterally than hit-up forwards. The outside backs 

generally covered a greater distance before being involved in a tackle, as they often 

chased down a player who had broken through the defence. However, the use of 

only one player within each position could have misrepresented the actual match 
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demands for the nine positions, particularly given the findings observed in a more 

recent study (Austin & Kelly, 2014).  

 

Sirotic et al. (2011) examined the positional match demands of professional rugby 

league competition using video and notional analysis. Seventeen professional rugby 

league players participated in the study and were split into five positional groups; 

backs, forwards, fullback, hooker and service players (half-back, stand-off and lock). 

Physical performance measures included exercise intensity, distance travelled, time, 

frequency, and speed. Game specific skill measures, such as supports and tackling 

indices, were also recorded. Analysis of physical match activities were determined 

using the following movement categories; standing (0 -1.0 km·h-1), walking (1.1 – 7.0 

km·h-1), jogging (7.1 – 13.0 km·h-1), low intensity running (<13.1 km·h-1), high-

intensity running (>13.1 km·h-1), very high intensity running (>18.6 km·h-1), sprinting 

(>24.0 km·h-1) and backward movement.  

 

High-intensity to low-intensity ratio for the match was similar between backs, 

forwards, fullback, hooker, and service players (1:9.5, 1:7.2, 1:7.3, 1:7.6 and 1:7.9, 

respectively). These values are slightly higher than those reported by King, Jenkins 

& Gabbett (2009), and could be due to a difference in methods used to assess 

movement activities. No differences in mean match playing speed between backs, 

forwards, fullback, hooker, and service players were found (6.1 ± 0.4, 6.4 ± 0.6, 6.7 ± 

0.6, 6.7 ± 0.6 and 6.4 ± 0.5 km·h-1). The full back performed more very high intensity 

running (>18.6 km·h-1), due to more support runs when compared to all other 

positions (Sirotic et al. 2011) (Table 1), which was in agreement with previous 
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research (Sirotic et al., 2009). The forwards, hooker, and service players completed 

more tackles per minute during the match (0.41 ± 0.07, 0.34 ± 0.11, 0.31 ± 0.12 

n·min-1, respectively) than the backs and full back (0.12 ± 0.09, 0.05 ± 0.02 n·min-1, 

respectively). Generally the backs had the lowest involvement in game-specific skills, 

however, when they did get the ball they tended to carry it further due to the space 

created by players in the middle of the field (Sirotic et al., 2011). The frequency of 

very high intensity running per minute of match play reported were higher than those 

more recently reported by Gabbett (2013a) (Table 1). This discrepancy could be 

caused by methodological differences, such as the use of video analysis rather than 

GPS, and slight discrepancies in high speed classification (>18.6 km·h-1 compared to 

>18 km·h-1).  

 

Austin, Gabbett & Jenkins (2011a) identified the frequency and duration of RHIE 

bouts in Australian professional rugby league. Using video analysis, movement 

patterns of fifteen players were recorded during five national rugby league games. A 

RHIE was defined as 3 or more sprints, tackles or combination of both with <21 

seconds recovery between high-intensity efforts (modified from Spencer, Lawerence, 

Rechichi, Bichop, Dawson & Goodman (2004) to include tackling). Players were 

separated into three position groups; hit-up forwards, adjustables and outside backs. 

Hit-up forwards were involved in a significantly greater number of RHIE (12 ± 3) 

when compared to the adjustable and outside backs (6 ± 3 and 5 ± 1, respectively). 

This is in contrast to the findings of Gabbett (2013a), who observed outside backs 

and adjustables performed more RHIE bouts (Table 2). The inclusion of maximal 

accelerations (≥2.79 m·s-2) and contact efforts as opposed to tackles within 

Gabbett’s (2013a) study could explain these discrepancies. The total time spent in 
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RHIE per game for the hit-up forwards, adjustable and outside backs was 374 ± 96, 

145 ± 94 and 120 ± 39 s, respectively. Of these times, hit-up forwards tended to 

have a higher percentage of their RHIE spent tackling (57%) than sprinting (43%). 

The percentage of tackling for the hit-up forwards was significantly greater than for 

the adjustables (49.4%) and outside backs (40.5%).  

 

From these results, Austin et al. (2011a) found the majority of RHIE bouts performed 

by hit-up forwards and adjustables included 1 sprint and 2 tackles whereas RHIE 

bouts performed by outside backs included 2 sprints and 1 tackle. Furthermore, hit-

up forwards completed a significantly greater number of RHIE bouts per game, 

despite spending an average of 26.6% less time on the field. This, along with a 

reduced recovery time, reflects the high intensity nature of the work demand for hit-

up forwards. With regards to sprints performed, 80% of all sprints completed by the 

hit-up forwards and adjustables were <20 m in distance whereas the outside backs 

completed 80% of their sprints over <30 m. The greater sprint distances performed 

by backs and a higher frequency of tackles performed by forwards are in agreement 

with previous research (Sirotic et al., 2009; Sirotic et al., 2011).  

 

Austin, Gabbett & Jenkins (2011b) examined tackling, and activities preceding 

tackling in professional rugby league. Using video analysis, the movement patterns 

of fifteen NRL players were recorded during five games. Movement was coded as 1 

of 8 speeds of locomotion; standing, forward walking, backward walking, forward 

jogging, backward jogging, forward striding, forward sprinting and lateral movement  
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Table 1. Comparison of high intensity runs performed during elite rugby league match-play 

Study Average/total distance of high intensity runs  
(~ > 18 km·h-1) (m) 

Hit-up 
Forwards 

Adjustables Outside 
Backs 

Additional 
position 

McLellan et 
al. (2011a) 

 

Forwards: 
232 (total) 

Backs: 
440 (total) 

Sirotic et al. 
(2011) 

 
 
 

11.5 ± 1.2 11.1 ± 1.1 12.0 ± 0.8 Fullback: 
10.7 ± 0.5 
Hooker: 

10.9 ± 0.7 

Gabbett et 
al. (2012) 

235 (total) 436 (total) 583 (total) Wide running 
forwards: 
418 (total) 

 
Austin & 

Kelly (2013) 
 

Forwards: 
17 ± 2  

Backs: 
18 ± 2  

 
Gabbett 
(2013a) 

 
11.9 ± 11.2 

 

 
11.4 ± 13.5 

 

 
13.7 ± 16.14 

 

     
Austin & 

Kelly (2014) 
Forwards: 
16 ± 2.5  

Backs: 
17.2 ± 2.8  

 

(King, Jenkins & Gabbett, 2009). Tackles were assessed by recording the sequence 

of involvement (whether a player was first, second or third to engage in the tackle). 

Players were separated into 3 positional groups; hit-up forwards, adjustables and 

outside backs, for analysis. 

 

The average number of tackles completed for hit-up forwards, adjustables and 

outside backs was 33.2, 17.8 and 8.2, respectively. Hit-up forwards performed the 

majority of tackles as the second player in the tackle contest (39%) as opposed to 

being the first (37%) or third (24%) player in the tackle. For the adjustables and 

outside backs, the tackle order involvement descending from first player contact to 
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second and third accordingly was 54 and 33%, 13 and 63% and 29 and 7%, 

respectively. The most common activity performed immediately before the tackles 

was sprinting for the adjustables and outside backs (28 and 44% respectively), 

whereas striding was the most common for hit-up forwards. 

 

These findings suggest forwards made a greater portion of 3 man tackles from low 

intensity activities such as standing, walking etc. whereas backs made more one-on-

one tackles from sprinting. Consistent with previous research (Gabbett, Jenkins & 

Abernethy, 2012; Twist et al., 2012,  McLellan & Lovell, 2012), hit-up forwards were 

involved in nearly twice as many tackles as the adjustables and 4 times as many as 

the outside backs. Collectively, these data indicate differences in positional demands 

during elite rugby league match play, which highlight the need to differentiate 

between positions in future research.  

 

 Global Positioning Systems 

Global positioning systems (GPS) are a recent development in time-motion analysis 

and offer greater practicality in comparison to traditional video analysis (Johnston, 

Watsford, Pine, Spurrs, Murphy & Pruyn, 2012). They track changes in position of an 

athlete in real-time by calculating the displacement between the signal (satellite) and 

the receiver (GPS unit) (Dobson & Keogh, 2007). Accordingly, their use within team 

sports has increased over the last decade. 
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Mclellan, Lovell & Gass (2011a) employed GPS to examine the physical demands of 

professional rugby league match play. Data from fifteen players (Forwards n = 8; 

Backs n = 7) during five matches was obtained, using commercially available 

GPSport units measuring at 5 Hz. Distance, position and running speed was 

categorised into 6 different speed bands. These consisted of walking (0 – 6.0 km·h-

1), jogging (6.1 – 12.0 km·h-1), cruising (12.2 – 14.0 km·h-1), striding (14.1 – 18.0 

km·h-1), high intensity running (18.1 – 20.0 km·h-1) and sprinting (>20.1 km·h-1). 

There were no significant differences in total distance covered between forwards 

(4982 ± 1,185 m) and backs (5573 ± 1,128 m), backs covered more of this distance 

at high intensity running (147 ± 46 m) and sprinting speeds (293 ± 55 m) during the 

match when compared with forwards (80 ± 32 m  and 152 ± 28 m, respectively). 

These distances were similar to those reported in a previous study employing the 

same speed bands (McLellan, Lovell & Gass, 2010). In this study the average 

distance travelled for forwards and backs was 4774 ± 1186 and 5747 ± 1095 m, 

respectively. Backs travelled greater distance at high intensity running (135 ± 49 m) 

and sprinting (290 ± 69 m) when compared with the forwards (82 ± 21 and 149 ± 32 

m, respectively). 

 

McLellan et al. (2011a) reported the average duration of a sprint for forwards and 

backs was 2.88 ± 0.91 and 3.05 ± 0.87 s, respectively. These findings indicate backs 

cover greater distances at high intensity and sprinting speeds, most likely due to 

positional requirements and location on the outer edges and sidelines of the field 

(McLellan et al., 2011a). Backs had a significantly shorter recovery time between 

sprints than forwards (3.2 ± 1.1 min and 5.2 ± 2.2 min, respectively), however, 

forwards spent a significantly greater percentage of their time with heart rate (HR) 
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greater than 170 b·min-1 compared to backs during the whole game, who spent a 

significantly greater percentage of their time with HR less than 90 b·min-1. Forwards 

generally experience a higher frequency of tackles and collisions during match-play 

(Table 3) which have been found to produce a high physiological strain (Toner, 

Glickman & McArdle, 1990), and therefore could provide some justification for the 

differences in HR.  

 

Table 2: Comparison of repeated high intensity effort bouts performed during elite rugby 

league match-play. 

Study Hit-up 
forward 

Wide 
running 
forward 

Adjustables Outside 
backs 

Average 

Austin, 
Gabbett & 
Jenkins 
(2011a) 

 

12 ±3 NR 6 ± 3 5 ± 1 8 ± 2 

Gabbett 
(2012) 

 

8 ± 1 
 

10 ± 1 
 

9 ± 1 
 

9 ± 1 
 

9 ± 1 
 

Gabbett, 
Jenkins & 
Abernethy 

(2012) 
 

8.0 9.9 8.6 8.5 8.8 

Gabbett 
(2013a) 

11.9 ± 6.2 
 

NR 14.3 ± 5.4 
 

14.5 ± 5.4 13.6 ± 5.7 

 

Waldron et al. (2011) examined the position-specific demands of an English Super 

League club using portable GPS devices. Players were sub-categorized into three 

positional groups (hit-up forwards, outside backs and adjustables/pivots) based on 

similarities in playing role (King, Jenkins & Gabbett, 2009). Data on total distance 

covered and distance covered within four distinct speed categories, consisting of low 

intensity running (0.1 – 6.9 km·h-1), moderate intensity running (7.0 – 13.9 km·h-1), 
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high intensity running (14.0 – 21.0 km·h-1) and very high intensity sprinting (>21 

km·h-1) was recorded.  

 

In agreement with McLellan et al. (2011a), outside backs covered a greater distance 

during low intensity running (3262 ± 505 m) when compared with both adjustables 

(2365 ± 667 m) and forwards (1723 ± 743 m). In addition, outside backs covered a 

greater total sprint distance (316 ± 117 m) and total distance (6917 ± 1130 m) than 

adjustables (196 ± 56 m and 6093 ± 1232, respectively) and forwards (119 ± 86 m 

and 4181 ± 1829, respectively). However, when expressed as distance covered per 

minute of match play, forwards (95 ± 7 m·min-1) and adjustables (94 ± 8 m·min-1) 

achieved a greater relative intensity of work than outside backs (89 ± 4 m·min-1ሻ. 

This was explained by differences in duration of match-play, in relative medium 

intensity running (forwards = 41 ± 5 m·min-1; adjustables = 41 ± 6 m·min-1) in 

comparison with outside backs (31 ± 5 m·min-1). This indicates that forwards and 

adjustables work at a higher relative intensity but cover less absolute distance 

(Waldron et al., 2011).  

 

A recent study by Austin & Kelly (2013) examined the positional differences in 

professional rugby league match play using GPS. Movement patterns were recorded 

during 28 games played throughout an entire Australian professional rugby league 

season in 2010, using 5 Hz GPSport units. Data were clustered into two positional 

groups, consisting of forwards and backs, however hookers were removed from data 

analysis due to the variability of this position. Distances covered were calculated 

according to 6 movement categories; standing, walking or jogging (0 -12 km·h-1), 
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cruising (12 -14 km·h-1), striding (14 -18 km·h-1), high intensity running (18 – 20 

km·h-1), sprinting (20 – 24 km·h-1) and high intensity sprinting (>24 km·h-1). The 

addition of a high intensity speed zone (>18 km·h-1) was also analysed. The mean 

total time of match play was 70 ± 8 minutes for forwards and 89 ± 8 minutes for 

backs. Total distances covered in the game for forwards and backs were 5964 ± 696 

and 7628 ± 744 m, respectively. Backs covered a significantly greater distance, 

when compared with forwards, during high intensity running (377 ± 78 vs. 224 ± 38 

m), sprinting (229 ± 60 vs. 148 ± 47 m) and high intensity sprinting (143 ± 67 vs. 60 ± 

32 m).  

 

In agreement with Gabbett (2013a), the average number of entries of high intensity 

running was 23 ± 4 for forwards and significantly higher for backs with 35 ± 8. 

Forwards covered on average 432 m and backs covered 749 m per match during 

high intensity running. These distances covered during high intensity running are 

almost double those reported by McLellan et al. (2011a). The greater number of 

players and games analysed within this study could account for these discrepancies 

and highlight the need to include a greater quantity of matches for analysis (Austin & 

Kelly, 2013). 

 

In a similar study, Gabbett (2012) investigated the sprint demands of NRL 

competition and characterized the sprint patterns into playing position. Movement 

was recorded by a minimaxX GPS unit, over the course of 16 NRL matches. Players 

were grouped into hit-up forwards (prop), wide running forwards (second row, lock), 
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adjustables (hooker, halfback, stand-off and full back) and outside backs (center, 

wing). Data was 

 

 

Table 3: Comparison of collisions/tackles performed during elite rugby league match-play. 

Study Hit-up 
Forwards 

Adjustables Outside 
backs 

Additional 
positional 

group 
Collisions/contacts (n) 

Gabbett, et 
al. (2012) 

42 34 28 Wide-running 
forwards: 

45 
     
Twist et al. 
(2012) 

Forwards: 
38.2 ± 18.7 

 

Backs: 
25.2 ± 8.0 

Gabbett 
(2013a) 
 

23.3 ± 7.6 
 

16.4 ± 6.5 
 

16.4 ± 6.1  

Tackles (n) 
Austin et al. 
(2011b) 
 

33.2 17.5 8.2  

McLellan & 
Lovell (2012) 
 

Forwards: 
26.1 ± 15.3 

Backs: 
10.7 ± 8.9 

 

categorized into (a) accelerations bands corresponding to mild (0.55 -1.11 m·s-2), 

moderate (1.12 – 2.78 m·s-2) and maximal (≥2.79 m·s-2) accelerations; and (b) RHIE 

bout defined as ≥3 high acceleration, high-velocity sprints (>5 m·s-2), or contact 

efforts with ≤21 seconds of recovery between efforts. 

 

Players performed an average of 35 ± 2 sprints each game, ranging from an average 

of 31 ± 4 to 39 ± 5 for adjustables and hit-up forwards, respectively. The majority 
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(67.5%) of sprints were performed across distances of <20m, whilst approximately 

85% of all sprints were performed over distances <30m. In agreement with previous 

research (Austin et al., 2011a), the most common sprint distance for hit-up forwards 

was 6-10 m (46.3%) whereas outside backs had a greater proportion (33.7%) of 

sprints efforts over distances of ≥ 21m. Players performed an average of 9 ± 1 RHIE 

bouts during a match (Table 2). When compared with repeated-sprint bouts only, 0 – 

4 were performed during a game, highlighting the importance of repeated-effort 

ability for rugby league players. The majority of sprints were followed by a long 

recovery (≥5 minutes).These findings suggest hit-up forwards perform a greater 

number of short duration, maximal acceleration efforts and outside backs perform a 

greater number of longer duration, higher velocity sprint efforts (Gabbett, 2012). 

 

Gabbett, Jenkins & Abernethy (2012) examined the physical demands of 

professional rugby league match-play during competition. Thirty elite male rugby 

league players from a NRL squad were used in the study and data from sixteen 

matches was recorded using minimaxX GPS units. Players were selected from one 

of four positional groups representing hit-up forwards, wide-running forwards, 

adjustables and outside backs. Data was categorized into low and high speed 

bands, mild, moderate and heavy collisions, RHIE bouts, as previously described 

(Gabbett, 2013a) and recovery between efforts corresponding to short (<30 s), 

moderate (30 s – 2 min) and long (>2 min).  

 

Absolute distances covered during match-play were higher for outside backs (6819 

m) when compared with the hit-up forwards (3569 m), wide-running forwards (5561 
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m) and adjustables (6411 m), however no differences were observed for relative 

distances covered per minute of match-play. Outside backs covered a significantly 

greater distance during high speed running than adjustables and wide-running 

forwards (583, 436 and 418 m respectively), which were all greater than hit-up 

forwards (235 m) (Table 1). Hit-up forwards completed a greater number of collisions 

per minute of match-play (1.09 n·min-1) than wide-running forwards, adjustables, and 

outside backs (0.76, 0.58 and 0.38 n·min-1, respectively). All playing positions 

performed a similar number of RHIE bouts during a match (Table 2). 

 

In line with the research discussed above (Austin & Kelly, 2013; Austin et al., 2011a; 

Gabbett, 2012) these findings emphasize the importance of high speed running for 

outside backs. The most significant difference among playing positions were 

collisions and RHIE demands of match-play (Gabbett et al., 2012). In agreement with 

Austin et al. (2011a), hit-up forwards and wide-running forwards were involved in a 

collision approximately each minute, whereas adjustables and outside backs were 

involved approximately every 2 minutes (Table 3). 

 

McLellan & Lovell (2013) examined the positional differences in physical 

performance measures of professional rugby league players using 5-Hz GPS 

receivers (GPSport). Twelve NRL players (6 forwards and 6 backs), were monitored 

during 5 regular-season competition matches. Information regarding distance, 

position and running speed, categorised into 6 different speed bands (McLellan et 

al., 2011) was recorded. The total distance covered by forwards and backs was 

similar throughout the whole match (8442 ± 812 and 8158 ± 673 m, respectively). 
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These distances are considerably greater than those reported by Austin & Kelly 

(2013), and could indicate a high degree of variability with-in rugby league match 

play. In relative terms, backs covered 101 ± 8 m·min-1, while forwards covered 98 ± 

12 m·min-1, which is in agreement with previous research (Gabbett et al., 2012; 

Austin & Kelly, 2013). Backs performed a greater number of sprints than forwards 

(25 ± 7 vs. 16 ± 5, respectively), however, total sprint distances for backs and 

forwards were similar (468 ± 77 and 429 ± 62 m, respectively). This is in 

disagreement with the findings of Gabbett et al. (2012), who found lower distances 

covered by forwards (Table 1). Methodological differences between speed 

classifications, and further separation of forwards and backs, could account for these 

discrepancies. Furthermore, the lack of data on movement other than sprinting within 

the current study makes it difficult to make comparisons with other research.  

 

Austin & Kelly (2014) quantified the movement demands of all nine individual playing 

positions (fullback, wing, centre, five-eight, halfback, hooker, lock, back row and 

prop) in professional rugby league, over 28 NRL games. Using 5 Hz GPSport units, 

data on distance covered, quantified into six different speed categories (Austin & 

Kelly, 2013) with the addition of a high-intensity speed zone (> 18 km·h-1) was 

recorded. Due to the shear amount of positions analysed within the current study, 

the findings have been presented in Table 4. 

 

The findings of Austin & Kelly (2014) demonstrate that halfbacks, five-eights, 

fullbacks and back row forwards cover greater distances in general and at higher 

intensity during match-play. The occurrence of high intensity runs within the study 
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are higher than previously reported (Austin & Kelly, 2013; Gabbett 2013a). These 

differences resulted from the much higher frequency of high intensity efforts by the 

five-eight and halfback (86 and 120, respectively). Furthermore, Gabbett (2013a) 

quantified high intensity running as > 5 m·s-1, which is slightly higher than the speed 

band used within the current study (18 km·h-1). When quantified as average distance 

covered during high intensity running, the findings are in agreement with previous 

research (Austin & Kelly, 2013).  

 

Table 4: Physiological movement demands of all nine individual playing positions in 

professional rugby league (Austin & Kelly, 2014). 

 
Position Average 

playing time 
(min) 

Total distance 
covered (m) 

Average 
occurrences of 
high-intensity 

running (n) 

Average 
distance 

during high 
intensity 

running (m) 
Fullback 85 ± 10 7760 ± 1026 42 ± 10 17 ± 2 

Wing 88 ± 3 7457 ± 800 35 ± 11 18 ± 2 

Centre 87 ± 3 7301 ± 858 34 ± 9 18 ± 3 

Five-eight 85 ± 3 8402 ± 596 86 ± 29 16 ± 3 

Half-back 84 ± 8 8500 ± 833 120 ± 16 17 ± 4 

Hooker 75 ± 13 6988 ± 1340 74 ± 15 14 ± 3 

Lock 63 ± 11 5481 ±1257 52 ± 20 16 ± 2 

Back row 79 ± 16 6936 ± 1295 26 ± 9 18 ± 3 

Prop 58 ± 10 4597 ± 713 18 ± 6 16 ± 2 

 

The distance covered during high intensity running for the backs ranged from 477m 

for the five-eight position to 925 m for fullbacks. This indicates the mean value for 



23 
 

backs, when grouped together could underestimate the distance covered by 

fullbacks and overestimate the distance covered by the five-eight (Austin & Kelly, 

2014). In addition, Gabbett (2012) reported 39 high intensity running efforts per 

match which is over twice as much as the prop forwards. When combined with back 

row and lock (wide running forwards), the number of high intensity running efforts 

(37) was similar to Gabbett (2012). However, this demonstrates the need to separate 

playing positions, or only combine positions which contain similar physical 

characteristics, or it could produce misleading results, which over/under quantify the 

physical demands of specific positions.   

 

Summary of match demands 

Collectively, these studies suggest rugby league players have high physical 

demands placed on them during a match. In terms of positions, backs, particularly 

outside backs, perform more high-intensity running and sprints during a game than 

forwards (in particular hit-up forwards). These sprint efforts are generally over longer 

distances (>21m), whereas forwards cover shorter distances (6-10m). The forwards 

are involved in a greater number of collisions than backs, (~1 every minute). Backs 

generally have a longer recovery time between high intensity efforts than forwards, 

but will be in play for a longer period of time. Both positions perform RHIE bouts 

frequently during game, which appear to be an important indicator of performance. 

Typically backs will perform two sprints and one tackle, whereas forwards will 

perform two tackles and one sprint. These studies provide a good understanding of 

the physical demands of elite rugby league match-play, however, direct comparison 
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of results becomes problematic due to differences in methods between research 

studies.   

 

 

 

 

Recovery 

Changes in neuromuscular function following rugby league 

 

Twist & Sykes (2011) investigated symptoms of exercise-induced muscle damage 

following a simulated rugby league match. Ten males with rugby playing experience 

volunteered to participate in the study. The rugby league match simulation protocol 

(RLMSP) involved various forms of locomotion and activates (walking, jogging, 

maximal sprints, decelerations, simulated contacts and passive recoveries), typically 

seen in rugby league (Austin, Gabbett & Jenkins, 2011a; McLellan et al., 2011a; 

Sirotic et al., 2009). Measurements of isokinetic muscle strength and vertical jump 

performance were taken at baseline, immediately after (0 h) and at 24 and 48 hours 

following the RLMSP. Significant decreases in isokinetic torque of the knee 

extensors were found, in which slower velocities were impaired at all-time points 

(mean change at 60 deg·s-1, 0 h: -26.6, 24 h: -19.9, 48 h: -15.0 N·m-1) while faster 

velocities were unchanged. In addition, peak isokinetic torque of the knee flexors 

was significantly reduced at 0 and 24 hours during slower velocities (60 deg·s-1), and 
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24 hours during faster velocities (240 deg·s-1). Peak jump height during CMJ was 

significantly reduced at 0 (-10%) and 24 (5%) hours following the RLMSP.  

 

The peak decrements in peak isokinetic muscle force provide strong evidence that 

muscle damage was present in both the knee flexors and extensors. The results 

suggest that strength loss following eccentric exercise (i.e. decelerations) is greater 

at lower angular velocities of movement, and thus maximal strength training should 

be avoided in the 48 hours after a game. In addition, decrements in CMJ peak 

height, suggest faster movement velocities with minimal loading on the muscle might 

be impaired to a lesser degree than those with higher loads. It must be noted the 

ability to control physical contact was not deemed possible in this study and as it is 

only a simulation, recovery following a rugby league match may differ. 

 

McLean et al. (2010) examined the changes in neuromuscular responses following 

professional rugby league matches during different length between-match 

microcycles. Twelve rugby league players from a NRL team were assessed during a 

5 day, 7 day and 9 day between-match period. Changes in CMJ performance (flight 

time and relative power) were measured on match days and at frequent intervals 

between match days. Training load for each microcycle was calculated by multiplying 

session RPE (Foster, Florhaug, Frankin, Gottschall, Hrovatin, Parker, Doleshal & 

Dodge, 2001) by session duration. Daily mean training load was significantly higher 

in the 7 day (234) and 9 day (252) microcycle when compared with the 5 day 

microcycle (189). Similar to the findings of Twist & Sykes (2011), decrements in CMJ 

were evident. Baseline CMJ flight time values were significantly higher than day 1 
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and the day before the match at the end of the microcycle. In addition, baseline CMJ 

flight time tended to be higher than day 4 measures with values approaching 

significance.  

 

Duffield et al. (2012) monitored the post-match changes in neuromuscular function 

following amateur rugby league matches. Eleven participants took part in the study, 

and data was collected from 2 to 3 respective competitive matches for each 

participant. Decrements in neuromuscular function were assessed using a repeated 

counter-movement jump (CMJ), followed by isometric tests on the right knee 

extensors for maximal voluntary contraction (MVC), voluntary activation (VA) and 

twitch contractile properties of peak twitch force (Pt), rate of torque development 

(RTD), contraction duration (CD) and relaxation rate (RR), immediately after and 2 

hours post-match. CMJ displacement was significantly reduced immediately after 

(4.8%), but not 2 hours post-match. MVC was significantly reduced immediately 

(8.4%) and 2 hours post-match (11.9%), however, VA and CD did not differ from pre-

match at any time post-match. Pt was significantly reduced immediately (10.6%) and 

2 hours post-match (7.3%), whereas both RR and RTD were significantly slower and 

lower immediately post-match (9.8% and 9.6%, respectively) but not 2 hours post-

match. 

 

The findings of Duffield et al. (2012) indicate reductions in lower-body peak power 

and voluntary isometric torque following an amateur rugby league match. The 

reduction in twitch contractile properties, suggests the physical match demands 

result in an interruption and damage to the skeletal muscle contractile mechanisms. 
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In addition, the reduction in MVC and CMJ and the variability in VA suggest that 

post-match fatigue may be related to the peripheral skeletal muscle structure, 

causing a suppression of force generating capabilities. Possible mechanisms for this 

could be linked with the contractile unit, rather than a reduction in muscle recruitment 

and the regulation of calcium within the sarcomere reticulum (Gandevia, 2001). 

 

McLellan et al. (2011b) identified neuromuscular fatigue following rugby league 

match-play. Data on seventeen elite rugby league players, representing a NRL team 

was collected, during a single match. Peak rate of force development (PRFD), peak 

power (PP), and peak force (PF) were measured during a CMJ performed on a force 

platform. Reductions found in PRFD and PP at 24 hours may reflect the influence of 

impaired excitation-contraction coupling reported with low-frequency fatigue 

(MacLaren, Gibson, Parry-Billings & Edwards, 1989), whereas decreases at 30 

minutes may be due to more high-frequency fatigue consisting of reductions in 

central drive and impairment of the action potential to initiate muscle contraction 

(Abbiss & Laursen, 2005).  The decrease in PP, remaining until 48 hours and the 

reduction in PF only lasting 30 minutes post-match suggests the velocity component 

of PP was more sensitive to fatigue than the force component, thus maximal strength 

recovers more quickly than PP and PRFD after rugby league match-play (McLellan, 

Lovell & Gass, 2011a).  

 

Johnston, Gibson, Twist, Gabbett, MacNav & MacFarlane (2013) examined the 

physiological responses to an intensified period of rugby league competition. Seven 

rugby league players, competing in an international student tournament, involving 
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three 80-minute games over a 5-day period (48 hours recovery between each 

game), were used in the study. Measurements for upper and lower body 

neuromuscular fatigue, assessed by a CMJ and plyometric push-up (PP), were taken 

36 hours prior to the first match. These measures where then repeated every 

morning for the following 6 days after the first match, between 08:00 and 10:00 am. 

Neuromuscular fatigue was also assessed within 2 hours after each match.  

 

Moderate reductions in peak power during CMJ were observed at 12 (Effect size 

[ES] = -0.7) and 36 hours after game 1 (ES=-0.73). Neuromuscular fatigue during a 

CMJ had not recovered by game 2 as peak power remained lower than baseline at 2 

hours (ES=-0.6), 12 hours (ES=-1.07), and 36 hours (ES=-1.09) after game 2. 

Moderate reduction in upper body peak power at 2 (ES=-0.017), 12 (ES=-0.54) and 

36 hours (ES=-0.55) were observed after game 1. After game 2, moderate to large 

reductions in peak power were observed at 2 (ES=-0.74), 12 (ES=-1.11) and 36 

hours (ES=-0.95). These data indicate neuromuscular fatigue can accumulate over a 

3-game intensified rugby league competition. In addition these appear to 

compromise high intensity running, maximal accelerations and defensive 

performance in the final game of competition (Johnston et al., 2013). In agreement 

with McLellan, Lovell & Gass (2011b), reductions in peak power during CMJ were 

observed, however no meaningful reductions were observed for peak force.  

 

Collectively, these data suggest that decrements in neuromuscular function are 

evident for at least 36 hours post-match, and can return to baseline within 4 days. 

Whilst reductions in both the velocity and force component of neuromuscular 
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function have been found, it is unclear whether force (Twist & Sykes, 2011; Duffield 

et al., 2012) remains suppressed to a greater extent than velocity or vice versa 

(McLellan, Lovell & Gass, 2011a; Johnston et al., 2013). 

 

Changes in biochemical markers following rugby league 

Twist & Sykes (2011) also assessed changes in CK activity, within the study detailed 

above. CK activity increased at 0 hour, significantly increased and peaked at 24 hour 

and remained elevated at 48 hour (mean changes: 49.8, 294.4 and 129.4 U·L-1, 

respectively). Similar to previous studies assessing muscle damage following team 

sport simulation (Sing et al., 2011), Twist & Sykes (2011) found exercise-induced 

muscle damage was evident after RLMSP for up to 48 hours. Elevations in CK were 

similar to those previous reported by Cunniffe et al. (2010), however they observed a 

peak at 14 hours, rather than 24 hours. The lack of a 24 hour measurement within 

Cunniffe et al.’s (2010) study could have caused this discrepancy, in which a true 

peak may have been missed. 

 

McLellan, Lovell & Gass (2010) examined CK and endocrine responses of elite 

rugby league players’ pre, during and post, match play. Saliva and blood samples 

were collected 24 hours pre-match, 30 minutes pre-match, within 30 minutes post-

match and at 24, 48, 72, 96 and 120 hours post-match. Plasma CK was significantly 

elevated immediately post-match, and at 24, 48, 72, 96 and 120 hours post-match, 

when compared with 24 hours pre-match (Table 5). Substantial increases in CK 

were identified immediately post-match (+56%) and 24 hours post-match (+91 %), 
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with progressive decreases in CK from 48 hours. Salivary cortisol levels significantly 

increased pre-match, immediately post-match and at 24 hours post-match, when 

compared with 24 hours pre-match. Salivary testosterone levels significantly 

decreased pre-match, immediately post-match and at 96 and 120 hours post match, 

when compared with 24 hours pre-match.  

 

These findings suggest competitive rugby league match-play results in significant 

amount of muscle damage post-match. Elevated CK activity peaked within 24 hours 

and remained elevated for at least 120 hours, consistent with previous findings 

(McLellan et al., 2011c; Cunniffe et al., 2010) but not all (Takarada, 2003). The use 

of amateur rugby union players could account for the shorter time-course of CK 

responses observed in Takarada’s (2003) study. The combination of increases in 

cortisol and reduced testosterone at 30 minutes pre-match and immediately post-

match result in a low T:C ratio and predominantly a catabolic hormonal environment. 

These returned to baseline within 48 hours, suggesting a successful recovery of 

testosterone and cortisol levels. This study provides insight into CK and endocrine 

responses to elite rugby league match-play, however, as fatigue is multifaceted, a 

range of appropriate measurements, such as the inclusion of neuromuscular 

function, should be employed (Twist & Highton, 2013). In particular, jump procedures 

reflect the stretch-shortening capabilities of the lower-limb musculature, and the 

ability to evaluate muscle fatigue (Komi, 2000), whereas blood markers do not. 

 

McLellan et al. (2011b) identified biochemical markers of fatigue following rugby 

league match-play. Data on seventeen elite rugby league players, representing a 
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NRL team was collected, during a single match. Blood samples were collected 24 

hours and 30 minutes pre-match, within 30 minutes post-match and at 24,48,72,96 

and 120 hours post-match. Plasma CK was significantly elevated at all post-match 

time intervals (30 min: 454 ± 167, 24 h: 941 ± 392, 48 h: 592 ± 201, 72 h: 553 ± 191, 

96 h: 442 ± 154 and 120 h: 365 ± 139 U·L-1) when compared with 30 minutes pre-

match (Table 5). These findings indicates the presence of muscle damage up to 5 

days post rugby league match play suggesting that any training performed within this 

time period could be compromised. 

 

 

Table 5. Creatine kinase activity following elite and amateur rugby league match-play 

Study Pre CK activity post-match (U·L-1) 
 
30 mins 24 hours 48 hours 72 hours 96 hours 

 
McLellan, 
Lovell & 

Gass 
(2011b) 

 

302 ±128 454 ± 167 941 ± 392 592 ± 201 553 ± 191 442 ± 154 

McLellan, 
Lovell & 

Gass (2010) 
 

302 ± 144 454 ± 209 889 ± 538 ~604 ~586 ~480 

Twist et al. 
(2012) 

  Forwards: 
301.4 
Backs: 
299.0 

Forwards: 
153.4 
 
Backs: 
140.7 

  

 

Johnston, Gibson, Twist, Gabbett, MacNav & MacFarlane (2013) also examined 

blood CK responses to an intensified period of rugby league competition (study 

detailed above). Significant elevations in CK were observed at 12 and 36 hours post 
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game 1, and 12 and 36 hours post game 2. In addition, CK activity 12 hours after 

game 2 was significantly greater than CK activity 12 hours before game 2. These 

increases in circulating CK were similar to previous reports (Cunniffe et al., 2010) 

suggesting exercise-induced muscle damage following rugby league match-play was 

present and markers of muscle damage can accumulate over a 3-game intensified 

rugby league competition. Collectively, the studies outlined suggest the presence of 

muscle damage, lasting up to 5 days after rugby league match play and peaking 

around 24 hours. 

 

 

Changes in perceptual well-being following rugby league 

McLean et al. (2010) examined changes in perceptual responses (fatigue, well-being 

and muscle soreness) following professional rugby league and found fatigue levels 

were significantly higher on day 1 following the match for each training cycle, and 

tended to be higher at day 2 post-match, in the 7 and 9 day microcycle. Fatigue 

levels returned to near pre-match values on day 4 in all three microcycles. Overall 

well-being was significantly reduced at day 1 post-match for all microcycles and 

remained significantly reduced at day 2 in the 7 day and 9 day microcycle. Generally, 

players endured less muscle soreness in the 5 day microcycle when compared with 

the 7 and 9 day microcycles. 

 

The reduction in training load (determined by session RPE; Foster et al., 2001) seen 

in the 5 day microcycle is most likely due to the coaching staff focus on optimizing 
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recovery by reducing physical training. Players’ perception of overall well-being 

returned to near baseline values within 4 days following the match in each training 

cycle. Despite the same training being completed on day 1 for all microcycles, an 

accelerated return to baseline measures for general muscle soreness during the 5 

day microcycle, when compared with the 7 and 9 day microcycles, suggests general 

muscle soreness is affected by many variables such as the extent of damage during 

match play.  

 

Twist & Sykes (2011) observed significant increases in perceived muscle soreness 

at all-time points following RLMSP with values of 0.8 ± 0.6, 3.2 ± 1.3, 5.0 ± 1.9 and 

4.6 ± 3.4 at baseline, 0, 24 and 48 hours, respectively. Simialarly, Johnston et al. 

(2013) found perceived well-being scores were significantly reduced 12 hours post 

game 1, and 12 and 36 hours post game 2. This was mainly attributed to increases 

in perceptions of fatigue and increases in general muscle soreness. Collectively, 

these data suggest a prolonged increase in muscle soreness was evident for up to 

48 hours post rugby league match play. Such changes may have implications for the 

quality of training sessions performed by athletes in the 48 hours following a rugby 

league match, and thus should be taken into consideration during post-match 

training sessions. 

 

 

Relationship between match demands and recovery 
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In an extension to the above study (McLellan et al., 2011b), McLellan et al. (2011c) 

linked the biochemical and endocrine responses during elite rugby league match-

play to the distribution of impacts associated with collisions. Impacts were classified 

into 6 different zones (zone 1: <5.0-6.0, zone 2: 6.1-6.5, zone 3: 6.5-7.0, zone 4: 7.1-

8.0, zone 5: 8.1-10.0 and zone 6 >10.1 G) and the number of tackles and hit ups 

were recorded. The total number of impacts for forwards and backs was 858 ± 125 

and 795 ± 145, respectively. The total number of tackles (20.1 ± 11.3) and hit-ups 

(10.9 ± 4.2) for forwards was significantly higher than backs (10.7 ± 8.0 and 9.7 ± 

3.5, respectively). Significant correlations between number of hit-ups, impacts in 

zones 4, 5 and 6 and CK after match-play are detailed in Table 5. 

 

Strong correlations were observed for impact entries in zone 4,5,6 and CK 

concentrations (Table 6).  Furthermore, a significant correlation was found between 

the number of zone 5 and 6 entries and CK 48 and 72 hours post-match. These 

results indicate that regardless of the nature of contact, exposure to high impact 

collisions during match play (>7.1 G) caused significant skeletal muscle damage that 

peaked 24 hours post-match. Collisions that involved heavy impacts (>8.1 G), 

resulted in a more prolonged increase in CK, which remained elevated for at least 72 

hours (McLellan et al., 2011c). 

 

Table 6. Significant correlations between hit-up number, impact zone entries and CK 

immediately after rugby league match play. 

   Impact zones I 
 

  Hit up 
number I 

4 5 6 
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Plasma CK 
U·L-1 

30-min post  0.627 0.625 0.609 

 24 h post 
 

0.617 0.634 0.744 0.765 

 48 hr post 
 

0.629  0.585 0.592 

 72 hr post 
 

0.621  0.554 0.545 

 

McLellan & Lovell (2012) examined the neuromuscular responses to impact and 

collision during elite rugby league match play. Twenty-two elite male rugby league 

players were monitored during eight regular season competition matches using 

portable GPS units (GPSport). Data on the average number of tackles, number of 

ball carries (hit-ups) and impacts classified into 6 different impact zones (McLellan et 

al., 2011c) was recorded. Peak rate of force development (PRFD), peak power (PP) 

and peak force (PF) during a CMJ on a force plate was used to assess decrements 

in neuromuscular function 24 hours and 30 minutes pre-match, 30 minutes post-

match and then at 24 hour intervals for a period of 5 days. The number of hit ups 

performed by forwards and backs was 13.8 ± 5.2 and 11.7 ± 4.6, with forwards 

performing significantly more tackles than backs (Table 3). The total number of 

impacts within zone 4, 5 and 6 were 154 ± 44, 55 ± 17 and 41 ± 22 for forwards and 

120 ± 57, 48 ± 36 and 32 ± 5 for backs, respectively. Peak rate of force development 

(PRFD) and peak power (PP), during a CMJ, was decreased for up to 48 hours post-

match and peak force (PF) was decreased 30 minutes post-match.  

 

Impacts within zone 4, 5 and 6 were significantly correlated to PRFD and PP 30 

minutes post-match and impacts within zones 5 and 6 were significantly correlated to 

PRFD and PP 24 hours post-match. In agreement with previous research (McLellan 



36 
 

et al., 2011c), these findings indicate elite rugby league causes significant 

neuromuscular fatigue, which was highly dependent on the number of heavy and 

serve collisions performed during a game (McLellan & Lovell, 2012). However, as 

only collisions experienced during the match have been accounted for, the extent to 

which other match demands (e.g sprints, decelerations) contribute to fatigue is 

unknown.   

 

In a more extensive study, Twist et al. (2012) examined neuromuscular, biochemical 

and perceptual markers of post-match fatigue. Twenty-three professional rugby 

league players, separated into forwards and backs, took part in the study. Data on 

CK concentration, perceptual ratings of fatigue, attitude to training, muscle soreness 

and flight time during a CMJ was measured, one day prior to the match and in the 

two days afterwards. Total playing time and number of contacts performed by each 

player during a match, was also recorded. 

 

In line with previous research (Table 3), forwards experienced significantly more 

contacts during a match than backs (38.2 ± 18.7 and 25.2 ± 8.0, respectively). Large 

increases in the mean change for CK concentration were found for forwards (301.4 

and 153.4) and backs (299.0 and 140.7) when compared to pre-match levels for day 

1 and 2, respectively (Table 6). Increases in the mean changes for muscle soreness 

were observed for backs (1.2 and 0.9) and forwards (1.2 and 1.3), for day 1 and 2, 

respectively. In addition, decreases in CMJ flight time were found for backs (-2.9 and 

2.3%) and forwards (-3.9 and -1.2%) for day 1 and 2, respectively. 
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Together, the findings of Twist et al. (2012) suggest tissue damage occurred and 

remained for 2 days, post-match. Correlations between total contacts and CK level in 

forwards (r = 0.74) suggests high intensity collisions result in acute tissue damage, 

which is in agreement with previous research (McLellan & Lovell, 2012). However, 

no relationship was found between CK and total contacts in backs, which suggests 

tissue damage for backs could be attributed to a combination of longer match 

duration and more high intensity running, accelerations and decelerations (Waldron 

et al., 2011) and a greater metabolic stress (Tee, Bosch & Lambert, 2007). The 

larger increase in muscle soreness in forwards compared with backs suggests tissue 

damage caused partly by the blunt trauma of physical contact, probably has a longer 

lasting effect on muscle soreness and fatigue induced by repeated eccentric muscle 

actions (Twist et al., 2012). Recovery for jump flight time was evident by day 2; 

however, backs still had moderate reductions in flight time at day 2, compared with 

forwards who only had small reductions. Moreover, an inverse relationship between 

contacts and flight time was observed, indicating players who are involved in more 

contacts showed the greatest reductions in flight time.  

 

In addition to quantifying fatigue following amateur rugby league match-play (detailed 

above) Duffield et al. (2012) examined the relationship between changes in 

neuromuscular function and the match demands. MVC was moderately related to the 

time on the field (r = -0.5) and the mean playing speed (r = -0.4). Furthermore, mean 

speed (r = 0.35) and distance covered during low speed running (r = 0.37) was 

moderately correlated with the % change in VA post (1.2%) and 2 hours post (1%), 
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although these were not significant. From these findings Duffield et al. (2012) 

suggests mean speed, distance covered during low intensity running and time in play 

could account for some variability in post-match decrements in neuromuscular 

function. However, the use of amateur players, who have reduced match-demands 

in comparison to elite rugby league players (King et al., 2009) and the lack of strong 

correlations, warrant further investigation into the relationship between match-

demands and the effect on neuromuscular function. 

 

Mechanisms of muscle damage 

Although the exact mechanisms of muscle damage are not fully understood, 

previous research has divided this phenomenon into two general areas; primary 

damage (metabolic and mechanical), and secondary damage associated with the 

inflammatory response (Howatson & Van Someren, 2008). 

 

Mechanical disruption relates to damage that occurs from mechanical loading on the 

myofibres (Howatson & Van Someren, 2008). The weakest sacromeres are located 

at different regions of each myofibril, and it is believed the non-uniform lengthening 

of these sacromeres results in some myofibres being over-stretched and thus no 

longer able to overlap (Talbot & Morgan, 1996). Consequently, the longest 

sarcomeres become weaker, thus passive structures assume more tension 

(Howatson & Van Someren, 2008) and undergo what is termed ‘popping’ (Morgan, 

1990). This encompasses a shearing of myofibrils, exposing membranes, especially 

t-tubules, to large deformations (Morgan & Proske, 2004), leading to a loss of 
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calcium ion homeostasis, mechanical disruption of the actin-myosin bonds, and a 

decrease in force production (Zhou, Li & Wang, 2011). In an alternative view, 

damage is associated with excitation-contraction (E-C) coupling. This process 

involves a sequence of events that starts with the passage of the action potential 

along the plasmalemma and ends with the release of calcium (Ingalls, Warren, 

Williams, Ward & Armstrong, 1998). Following eccentric exercise, a reduced 

efficiency of the E-C coupling process has been demonstrated (Byrne, Twist & 

Eston, 2004). However, it could be argued an increase in calcium is secondary to 

mechanical stress.  

 

The metabolic stress model proposes that the initial events of muscle damage are 

caused by metabolic deficiencies within the working muscle. During physical activity 

metabolic flux through the glycolytic and oxidative metabolic pathways is increased 

to match the increased rate of adenosine triphosphate (ATP) synthesis, for muscular 

contraction (Krisanda, Moreland & Kushmerick, 1988). However, as there is always a 

reduction in the concentration of phosphates, the level of ATP could decrease to 

concentrations sufficiently low to induce muscle damage, particularly in the presence 

of glycogen depletion (Tee et al., 2007). The proposed mechanism for metabolic 

muscle injury would be a decreased action of the calcium adenosine triphosphatase 

(ATPase), compromising the removal of calcium (Tee et al., 2007). In addition an 

increase in hydrogen ions, effecting the ability of the sarcomere reticulum to take up 

calcium (Kendall & Eston, 2002), insufficient mitochondrial respiration and oxygen 

free radial production (Armstrong, 1990) have also been associated with the initial 

stimulus for damage. Of these possible causes associated with exercise induced 

muscle damage, the loss of calcium homeostasis may activate free fatty acids which 
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can leave the cell membranes vulnerable to free radial attack, resulting in cell 

dysfunction (Kendall & Eston, 2002). However, metabolic factors seem to be unlikely 

causes of muscle damage following eccentrically biased exercise, due to a lower 

metabolic cost when compared with concentric actions (Howatson & Van Someren, 

2008). 

The secondary phase of muscle damage is initiated by this disruption of the 

intracellular calcium homeostasis (Howatson & Someren, 2008). This can trigger 

proteolysis (the breakdown of proteins) and facilitate breakdown of the damaged 

fibres (Proske & Allen, 2005), Accompanying this is the inflammatory response, in 

which damaged areas are invaded by leucocytes, in particular neutrophils and 

macrophages (Tidball, 2004). These leucocytes primarily perform three functions; 

attack and breakdown of debris, removal of cellular debris and regeneration of cells 

(Kendall & Eston, 2002). In doing so, neutrophil activation can release high 

concentrations of cytolytic and cytotoxic molecules that can damage muscle and 

healthy tissues (Tiddus, 1998). This inflammation is accompanied by edema, which 

is thought to be responsible for the muscle swelling and the associated soreness 

(Proske & Allen, 2005). Altogether, exercise-induced muscle damage manifests itself 

as a temporary decrease in muscle function, increased muscle soreness, increased 

swelling of the muscles involved and an increase in intramuscular proteins in blood 

(Howatson & Van Sommeren, 2008).  

 

Summary of recovery 

Collectively, the above research suggests muscle damage is evident following 

contact sports such as rugby league, which generally manifests itself as a temporary 
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decrease in muscle function, increased muscle swelling and soreness and increased 

intramuscular proteins in the blood. CK activity tends to increase post-match, peak at 

around 24 hours and gradually decline to baseline values after 72 hours. However 

significant increases in CK have been observed up to 120 hours post-match. 

Measurements of neuromuscular and perceptual fatigue are generally reduced 

immediately after, at 24 and 48 hours post-match, but can return to baseline within 4 

days. Typically, a positive correlation exists between the number of heavy/severe 

tackles performed during a match and markers of fatigue, in particular blood markers 

and neuromuscular measurements. It has been suggested the number of 

accelerations and decelerations performed during a match could also impact on a 

players’ recovery, however this has yet to be examined. When players are required 

to play multiple matches without adequate rest, recovery manifests over the 

consecutive matches and can compromise high intensity running, maximal 

accelerations and defensive performance. Therefore, assessing the relationship 

between match demands and recovery post-match can provide information on what 

sport specific activities contribute towards fatigue. 
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Method  

Participants 

After gaining ethical approval from the Ethics Committee of the Facility of Applied 

Sciences, 17 elite level rugby league players (age: 24.5 ± 4.4 yrs, stature: 1.84 ± 

0.06 m, body mass 98.5 ± 10.3 kg) from an English Super League team, participated 

in the study. Data were collected over four competitive matches culminating in data 

from a total of 28 individual performances (1.6 ± 0.8). This sample size was based 

on the estimated G* power (Faul, Erdfelder, Buchner & Lang, 2009) using previously 

reported effect sizes (Twist et al., 2012). Players were sub-categorised into two 

positional groups: forwards and backs, for the analyses of match demands and 

grouped together for the analysis of recovery. Only players who were deemed free of 

injury and fit to play in a match during the time of testing were used within the study. 

Players were briefed on all the procedures and completed a habituation process to 

familiarise themselves with the requirements of the study. All players provided 

written informed consent for their data to be used. 

 

Design 

 A repeated measures design was used within the study (Figure 1). During pre-

season players underwent a familiarization period, in which they wore GPS during 

training sessions and participated in neuromuscular (counter movement jump [CMJ] 

and repeated plyometric push up [RPP]), perceptual (well-being questionnaire [WQ]) 

and biochemical (creatine kinase [CK]) measurements post training.  
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Figure 1. Schematic representation of data collection. 

 

After a rest day, players reported to the training ground, at approximately 9 am, on 

the day before the match. During this time, baseline measurements for CK, RPP, 

CMJ and WQ were taken in that order. The next day, players competed in a rugby 

league match, during which the physical demands of selected players were recorded 

using GPS units. Measurements for biochemical (CK) responses, followed by 

neuromuscular and perceptual measures (RPP, CMJ, WQ) were repeated at regular 

intervals after the match (Figure 1).  An example of the training schedule and 

recovery strategies used around a match are outlined in Table 7. 

 

Procedures 

GPS  

Match demands were recorded using MinimaxX GPS units (Team 2.5, Catapult 

Innovations, Melbourne, Australia) sampling at 10 Hz. All players wore custom 

designed vest, housing the portable GPS tracking unit, positioned on the trapezius  

 

CK 
RPP 
CMJ 
WQ 
 

CK 
RPP 
CMJ 
WQ 
 

CK 
RPP 
CMJ 
WQ 
 

CK 
RPP 
CMJ 
WQ 
 

CK 
RPP 
CMJ 
WQ 
 

Baseline Match 30 min 12 h 36 h 60 h

GPS
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Table 7. An example of typical training and recovery strategies performed before and after a 

match day. 

 Day 1 pre-

match 

Match day Day 1 post-

match 

Day 2 post-

match 

Day 3 post-

match 

Morning Testing 

Captains run 

session 

Rest Testing  

50 point 

recovery 

session  

30 min 

Testing 

Rest  

Testing 

Resistance 
training 

30–40 min  

Afternoon Rest Pre-match 

warm up 20 – 

30 min 

Match 80 min 

Rest Rest Team training 
(skills) 

40–60 min  

Testing: comprised blood samples for assessing CK, neuromuscular measurements (CMJ, RPP) and 
perceptual measures. 
Captains run session: attack and defence patterns and game structure. 
50 point recovery session: Incorporating low intensity exercise, stretching, foam rolling, compression 
garments, ice baths and massage.  
Resistance training: typical exercises include squat variations, bench press, shoulder press, 
horizontal pull, power clean and push/pull variations. 
Team training (skills): attack and defensive patterns and general skills. 
Rest: No structured training, players encouraged to rest.  
	

muscle. Prior to the warm up, all units were simultaneously activated at pitch side. 

Distance covered was calculated according to six movement categories;  walking or 

jogging (0-12 km·h-1), cruising (12-14 km·h-1), striding (14-18 km·h-1), high intensity 

running (18-20 km·h-1), sprinting (20-24 km·h-1) and high intensity sprinting (> 24 

km·h-1 ሻ, as used in previous research (Austin & Kelly, 2014). Total high intensity 

running (> 18 km·h-1) was also calculated.  
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Collisions experienced by the players were determined via accelerometer and 

gyroscope data provided in ‘G’ force. For a collision to be registered, the athlete 

maintained a non-vertical position either; leaning forward by more than 60 degrees, 

leaning backwards by more than 30 degrees or leaning left or right by more than 45 

degrees for one second. Combined G-force was calculated as the average 

acceleration on each directional axis. Each collisions was coded into one of six 

classification zones according to their severity; very light (0-2 G), light (2-3 G), 

moderate (3-4.5 G), heavy (4.5-6 G), very heavy (6-8 G) and severe (>8 G). These 

bands were based on pilot studies with the units, as no previous research has 

quantified the severity of collisions using MinimaxX devices. Maximal accelerations 

and decelerations, classified as greater than 2.79 m·s-2 and RHIE bouts, defined as 

three or more maximal accelerations, high velocity sprints (>5 m·s-2), or contact 

efforts with less than 21 seconds recovery between efforts (Gabbett & Mulvey, 2008; 

Gabbett, Jenkins & Abernethy, 2012), were recorded.  

 

Creatine Kinase (CK) activity 

In a seated position, CK concentration was determined from 30 µL of capillarized, 

whole blood. Samples were obtained from a single fingertip using a spring-loaded 

disposable lancet. Blood was then analysed using a colorimetric assay procedure 

(Reflotron, Type 4, Boehringer, Mannheim, Germany). All samples were taken at the 

same time (09:00 – 11:00) (with the exception of the 30 minute post-match 

measurement) to reduce the effects of diurnal variation.  
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Repeated plyometric push-up (RPP) 

Participants commenced in a press up position, with their hands placed on the floor 

70cm apart from the participants’ index finger. Participants then rapidly flexed their 

elbows to approximately 90 degrees before maximally exploding off the floor, 

clapping their hands together, and landing with their arms fully extended. This was 

repeated three times within quick succession using an Optojump timing mat system 

(Optojump, Microgate, Microgate S.r.l., Bolzano, Italy). Flight time and contact time 

for each push up was recorded, and the total flight time and contact time was 

reported and used for comparison. After completing one sub-maximal plyometric 

push up as a warm up, participants performed two maximal RPP efforts, with one 

minute recovery after the warm up and in-between each effort. Reliability data for 

this measurement with the same group of players showed a co-efficient of variation 

of 5.5% for total flight time and 3.2% for total contact time. 

 

Counter-movement jump (CMJ)  

Participants began standing upright in a shoulder width stance, with their hands 

placed onto their hips. They rapidly flexed their knees to approximately 90 degrees, 

before jumping to maximal height. Flight time was recorded based on 

recommendations from current research (Cormack, Newton, McGuigan & Doyle, 

2008), as it provided the most reliable performance measure. Similar to the RPP 

protocol, participants completed one sub-maximal practice jump as a warm up, then 

after one minute, performed two maximal CMJ, with one minute of rest between 

each jump. The greatest flight time was used for analysis. This procedure has been 

adapted from previous research (McLellan et al., 2011b). All CMJs were recorded 
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using a timing mat system (Just Jump System, Probotics, Inc., Huntsville, AL). 

Reliability data, determined from CMJ flight time taken after a rest day and then 

repeated the following week, showed a co-efficient of variation of 2.7%. 

 

Well-being Questionnaire 

Based on the well-being questionnaire devised by McLean et al. (2010) players 

provided a rating of six perceived measures of fatigue. The questionnaire assessed 

their stress, fatigue, sleep quality, well-being, soreness and injury on a seven point 

Likert scale ranging from 0 (poor) to 6 (excellent) (Appendix 4). Although subjective, 

this questionnaire allows for complex psycho-physiological stresses to be monitored, 

all of which are associated with poor recovery (Twist & Highton, 2013). The co-

efficient of variation for stress, fatigue, soreness, well-being, sleep quality and injury 

was 11.0, 9.9, 15.2, 9.7, 18.1 and 16.7%, respectively.   

 

Statistical Analysis 

The statistical software package SPSS (v, 20; SPSS Inc., Chicago, IL) and Microsoft 

Excel were used for data analysis. Descriptive statistics (mean ± SD) were 

calculated for all dependant variables. Individual data were grouped into forwards 

and backs for match demands and was combined for recovery analysis. Differences 

in distance covered in each speed zone, RHIE bouts, accelerations, decelerations 

and collisions, were determined using multiple one-way analyses of variance 

(ANOVAs). Sphericity was assessed via Mauchly’s test, with any violations 

accounted for via the Greenhouse-Geisser statistic. Independent t-tests were used to 
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follow up any significant effects. Differences in fatigue markers were analysed using 

repeated measures ANOVAs, and any statistical differences were followed up with 

paired samples t-tests. Effect sizes and magnitude based inferences, as previously 

suggested by Twist and Highton (2013), were also calculated for GPS variables and 

fatigue markers at 12 and 36 hours post-match. Threshold probabilities for a 

considerable effect based on the 90% confidence intervals were: >0.5% most 

unlikely, 0.5-5% very unlikely, 5-25% unlikely, 25-75% possibly, 75-95% likely, 95-

99.5% very likely, > 99.5% most likely. The magnitude of the observed change were 

determined as the within-participant standard deviation x 0.2, 0.5 and 0.8 for a small, 

moderate and large effect (Cohen, 1988).  Effects with confidence limits across a 

likely small positive or negative change were classified as unclear (Hopkins, 

Marshall, Batterham & Hannin, 2006). All calculations were completed using a pre-

designed spreadsheet (Hopkins, 2006). Pearson’s correlation was used to assess 

the relationship between match demands and recovery post-match. Where 

appropriate the alpha level was set at p < 0.05. 
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Results 

Match-demands 

ANOVA revealed significant differences in the distance covered between each speed 

zone per minute of match-play (F = 1849, p < 0.05), however there was no 

interaction between position and distance covered (F = 0.57, p > 0.05). Significantly 

fewer meters per minute were covered as the speed increased, excluding cruising 

and striding zones which were not significantly different (t = 0.86, p > 0.05) from one 

another (Table 8).  

 

Significant differences between the number of collisions at different severities were 

observed (F = 18.5, p < 0.05), with the differences associated with position 

approaching significance (F = 2.82, p = 0.083). Players experienced significantly less 

collisions as the severity increased (Table 9), although no difference was observed 

between very light and light (t = -1.245, p > 0.05), very light and moderate (t = -

0.932, p > 0.05) and light and moderate collisions (t = 0.616, p > 0.05).  

 

Positional comparisons for all other match-demands revealed forwards experienced 

significantly more total collisions than backs (t = 2.188, p < 0.05). Whilst no other 

significant differences were observed between positions, magnitude-based 

inferences indicated likely to very likely positional effects for cruising, sprinting and 

high intensity sprinting relative to duration of match-play, high intensity accelerations, 

very light to moderate collisions experienced, total RHIE bouts and efforts performed 

over 18 km·h-1 (Table 8 and Table 9). 
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Table 8. Positional comparison of distance covered, duration and 

accelerations/decelerations during rugby league match-play.  

 Forwards  
(n = 17) 

Backs  
(n = 11) 

Mean diff ± 
90% 
confidence 
interval 

Qualitative 
interpretation 

Duration (min) 55:14 ± 21:26  67:10 ± 25:18  11:56 ± 16:42 Unclear 

Total distance (m) 4675 ± 1678 5640 ± 2191 964.8 ± 1409.1 Unclear 

Distance: 

Walking/jogging (m)  

m·min-1 

Cruising distance (m) 

m·min-1 

Striding distance (m) 

m·min-1 

HI running (m) 

m·min-1 

Sprinting (m) 

m·min-1 

HI sprinting (m) 

m·min-1 

 

3584.1 ± 1254.1

65.0 ± 7.1 

393.1 ± 121.9 

7.3 ± 1.5 

376.8 ± 152.1 

6.9 ± 1.3 

106.5 ± 55.6 

1.9 ± 0.5 

142.9 ± 86.4 

2.4 ± 0.9 

57.1 ± 67.6 

0.9 ± 0.7 

 

4322.5 ± 1705.3 

64.1 ± 6.5 

384.5 ± 181.5 

5.9 ± 2.2 

451.5 ± 230.2 

6.5 ± 2.0 

137.2 ± 72.1 

2.0 ± 0.8 

214.5 ± 117.6 

3.0 ± 1.3 

129.6 ± 110.9 

1.6 ± 1.2 

 

738.5 ± 1089 

-0.9 ± 4.7 

-8.7 ± 113.9 

-1.5 ± 1.4 

74.6 ± 144.0 

-0.3 ± 1.3 

30.7 ± 46.5 

0.1 ± 0.5 

71.7 ± 75.1 

0.6 ± 0.8 

72.6 ± 68.6 

0.8 ± 0.7 

 

Unclear 

Unclear 

Unclear 

Likely, moderate ↓  

Unclear 

Unclear 

Unclear 

Unclear 

Likely, moderate ↑ 

Likely, moderate ↑ 

Likely, moderate ↑ 

Likely, large ↑ 

Total efforts over 18 

km·h-1 

21.4 ± 13.0 31.9 ± 16.6 10.6 ± 10.7 Likely, moderate ↑ 

HI accelerations 4.7 ± 3.0 9.1 ± 6.4 4.4 ± 3.8 Likely, large ↑ 

HI decelerations 8.4 ± 4.6   9.6 ± 5.7 1.2 ± 3.7 Unclear 
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Table 9. Positional comparison of collisions and repeated high-intensity effort bouts during 

rugby league match-play.  

 Forwards  
(n = 17) 

Backs  
(n = 11) 

Mean diff ± 
90% 
confidence 
interval 

Qualitative 
interpretation 

Collisions (n): 

Very light (0-2 G) 

Light (2-3 G) 

Moderate (3-4.5 G) 

Heavy (4.5-6 G) 

Very heavy (6-8 G) 

Severe (8-15 G) 

Total 

 

21.0 ± 29.4 

 24.2 ± 16.0 

21.3 ± 13.2 

6.1 ± 6.0 

1.8 ± 2.7 

0.7 ± 1.9 

75.1 ± 64.1 

 

6.5 ± 7.2 

 11.5 ± 7.1 

13.9 ± 4.5 

4.1 ± 3.0 

 1.1 ± 1.4  

 0.5 ± 0.7  

37.6 ± 18.8 

 

-14.5 ± 13.3 

-12.6 ± 7.9 

-7.4 ± 6.2 

-2.0 ± 3.0 

-0.7 ± 1.4 

-0.3 ± 0.9 

-37.4 ± 29.5 

 

Likely, moderate ↓ 

Very likely, large ↓ 

Likely, moderate ↓ 

Unclear 

Unclear 

Unclear 

Likely, moderate ↓ 

RHIE bouts (n) 14.4 ± 10.4 10.0 ± 4.8 -4.4 ± 5.1 Likely, small ↓ 

 

Recovery 

Changes in CK concentration over time are presented in Figure 2. ANOVA revealed 

significant differences in CK concentration over each time point (F = 13.2, p < 0.05). 

CK concentration was significantly elevated at 30 minutes (t = -5.7, p < 0.05), 12 

hours (t = -9.451, p < 0.05), and 36 hours (t = -8.207, p < 0.05), returning to baseline 

at 60 hours post-match. These differences were most likely large increases at 12 

and 36 hours post-match (Table 10). 
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Table 10. Magnitude based inferences for neuromuscular and biochemical fatigue markers 

at 12 h and 36 h post-match in comparison to baseline. 

 Baseline to 12 h Baseline to 36 h 

 Mean diff ± 
90% 
confidence 
interval  
 

Qualitative 
interpretation 
 

Mean diff ± 
90% 
confidence 
interval  

Qualitative 
interpretation 
 

RPP flight time (s) -0.04 ± 0.1 Possibly, small  ↓ -0.07 ± 0.1 
 

Likely, moderate ↓ 

RPP contact time 

(s) 

0.0 ± 0.1 
 

Unclear, trivial 
 

0.01 ± 0.1 
 

Unclear, trivial 

CMJ (s) -0.02 ± 0.0 
 

Very likely, large ↓ -0.02 ± 0.0 
 

Very likely, large ↓ 

CK (U.L¹) 808.0 ± 169.3 
 

Most likely, 
 
large ↑ 

525.0 ± 
136.4 
 

Most likely, large ↑ 

 

 

 

Figure 2. Changes in CK concentration after elite rugby league match-play.  

* Significantly different from baseline values. 
˟ Significantly different from 30 minutes post values. 
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Average CMJ flight time decreased (F = 5.781, p < 0.05) at 12 hours (t = 4.108, p < 

0.05) and 36 hours post-match (t = 2.872, p < 0.05) in comparison to baseline 

(Figure 3). The magnitude of change at these time points was very likely large (Table 

10). 

 

 

Figure 3. Changes in CMJ flight time following elite rugby league match-play. 

* Significantly different from baseline values. 
 

 

Total flight time and contact time during a RPP are displayed in Figure 4. ANOVA 

failed to show significant differences in flight time and contact time at 12 hours and 

36 hours post-match compared to baseline (F = 2.684, p > 0.05). However, as 

shown in Table 10, observed effect sizes demonstrated possibly small and likely 

moderate decrements in flight time at 12 and 36 hours, respectively.  
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Figure 4. Changes in total flight time and contact time during a RPP following elite rugby 

league match-play. 

 

Table 11. Perceptual responses to each item on the questionnaire following elite rugby 

league match play. 

 Stress Fatigue Soreness Well-
being 

Sleep 
quality 
 

Injury 

Baseline 4.7 ± 0.8 4.8 ± 0.7 4.7 ± 0.8 4.9 ± 0.7 4.3 ± 0.9 4.8 ± 1.0 

30 min 4.2 ± 1.0 3.3 ± 1.0 3.9 ± 1.4 4.2 ± 1.3 4.9 ± 0.8 4.0 ± 1.5 

12 h 4.4 ± 1.0 3.4 ± 1.2* 3.6 ± 1.3* 4.2 ± 1.0* 3.3 ± 1.6* 3.6 ± 1.5* 

36 h 4.8 ± 1.0 3.8 ± 0.8* 3.9 ± 1.0* 4.2 ± 0.7* 4.2 ± 1.0 4.1 ± 1.3* 

60 h 4.7 ± 0.6 4.6 ± 0.8 4.4 ± 1.0 4.7 ± 1.0 4.6 ± 0.9 4.6 ± 1.2 

* Significantly different from baseline values (p<0.05). 
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Table 12. Magnitude based inferences for perceptual markers at 12 h and 36 h post-match 

in comparison to baseline. 

 Baseline to 12 h Baseline to 36 h 

 Mean diff ± 
90% 
confidence 
interval  
 

Qualitative 
interpretation 
 

Mean diff ± 
90% 
confidence 
interval  

Qualitative 
interpretation 
 

Questionnaire: 

Stress 

 

-0.31 ± 0.4 
 

 

Possibly, 
 
small ↓ 
 

 

0.05 ± 0.5 
 

 

Unclear, trivial 
 

Fatigue -1.4 ± 0.5 
 

Most likely, 
 
large ↓ 
 

-1.0 ± 0.4 
 

Most likely, 
 
large ↓ 
 

Soreness -1.1 ± 0.5 
 

Most likely, 
 
large ↓ 
 

-0.8 ± 0.5 
 

Very likely, 
 
large ↓ 
 

Well-being -0.7 ± 0.4 
 

Very likely, 
 
moderate ↓ 
 

-0.7 ± 0.3 Most likely, 
 
large ↓ 
 

Sleep quality  -1.1 ± 0.6 
 

Very likely, 
 
moderate ↓ 
 

-0.1 ± 0.5 
 

Unclear, trivial 
 

Injury  -1.2 ± 0.6 
 

Very likely, large ↓ -0.7 ± 0.6 
 

Likely, moderate ↓ 

 

 

Table 11 displays perceptual responses to each question at baseline and post-

match. Baseline WQ score was 28.2 ± 3.6, which decreased to 24.5 ± 6.0 at 30 

minutes, 22.4 ± 5.8 at 12 hours, 24.9 ± 4.6 at 36 hours and 27.6 ± 4.4 at 60 hours 

post-match. Significant decrements (F = 5.018, p < 0.05) in perceptual score at 30 
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minutes (t = 3.584, p < 0.05), 12 hours (t = 5.789, p < 0.05) and 36 hours post-match 

(t = 3.771, p < 0.05) were observed in comparison to baseline. Fatigue score 

significantly decreased at 12 (t=4.676, p < 0.05) and 36 hours (t = 3.990, p < 0.05) in 

comparison to baseline. Similarly, perceived soreness, well-being and injury score 

decreased at 12 (t = 4.974, p < 0.05; t = 4.149, p < 0.05 and t = 4.626, p < 0.05, 

respectively) and 36 hours (t = 3.286, p < 0.05; t = 3.873, p < 0.05 and t = 3.302, p < 

0.05, respectively). Sleep quality displayed decrements at 12 hours (t = 4.626, p < 

0.05), returning to baseline at 36 hours post-match. Calculated probabilistic 

inferences based on effect size, demonstrated agreement with significant effects 

(Table 12). 

 

Relationship between match demands and recovery 

Correlations for selected match demands, based on previous research (Nedelec, 

McCall, Carling, Legall, Berthoin & Dupont, 2014) are presented in Table 13 and 14. 

Correlations for CMJ flight time were all r < 0.3. Additional correlations can be found 

in Appendix 5. Contact time during the RPP and other perceptual markers (stress, 

well-being and injury) were not included within correlational analysis. 

 

 

 

 

 



57 
 

 

Table 13. Correlations between duration and distance covered match demands and 

repeated plyometric push-up and creatine kinase markers at 12 h post-match. 

Match demands Fatigue markers 

RPP flight time CK 

r R² r R² 

Duration -0.38 0.14 0.8* 0.64 

Total distance (m) -0.42 0.18 0.79* 0.62 

Distance: 

HI running (m) 

m·min-1 

Sprinting (m) 

m·min-1 

HI Sprinting (m) 

m·min-1 

 

-0.4 

-0.28 

-0.35 

-0.24 

-0.42 

-0.36 

 

0.16 

0.08 

0.12 

0.06 

0.18 

0.13 

 

0.74* 

0.25 

0.81* 

0.53* 

0.54* 

0.52* 

 

0.55 

0.06 

0.66 

0.28 

0.29 

0.27 

Efforts over 18 km·h-1  (n)  -0.38 0.14 0.78* 0.61 

* Significant correlation (p<0.05). 
 

 

Table 14. Correlations between HI accelerations/decelerations, collision match demands 

and fatigue markers at 12 h post-match. 

Match 

demands 

Fatigue markers 

RPP flight time CK Questionnaire 

Fatigue Soreness 

r R² r R² r R² r R² 

HI accels (n) 0.11 0.01 0.47* 0.22 0.32 0.1 0.31 0.1 

HI decels (n) -0.16 0.03 0.45* 0.2 0.43* 0.18 0.19 0.04 

Total 

collisions (n) 

-0.49* 0.24 0.56* 0.31 -0.23 0.05 -0.52* 0.27 

Total RHIE 

bouts (n) 

-0.51* 0.26 0.63* 0.4 -0.28 0.08 -0.48* 0.23 

* Significant correlation (p<0.05). 
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Discussion 

To the author’s knowledge this is the first study to examine the relationship between 

the physical demands of elite rugby league match-play, and changes in 

neuromuscular function, biochemical responses and perceptual fatigue in the days 

after a match. The key findings of the study were reductions in upper body 

neuromuscular function and elevations in CK concentration and perceived muscle 

soreness were associated with duration of match-play, distance covered during high-

intensity running (>18 km·h-1) and total collisions and RHIE bouts performed during 

the matches analysed. 

 

Movement demands reported within the current study show some discrepancies with 

previous literature. Total distance covered was typically lower than previously 

reported by McLellan & Lovell (2013) who found both forwards and backs covered 

around 8000 m, competing in the Australian National Rugby League (NRL). Waldron 

et al. (2011) reported total distances of 6917 ± 1130 m, 6093 ± 1232 m and 4181 ± 

1829 m for outside backs, adjustables and hit-up forwards, respectively. These 

distances demonstrate agreement with distances covered by forwards in the current 

study (4596 ± 1863 m), but are somewhat higher than the total distance covered by 

backs (5640 ± 2191). However, when expressed relative to match time, the distance 

covered by backs was similar to that reported by Waldron et al. (2011) (83 cf. ~89 

m), and thus this discrepancy might, in part, be explained by a shorter playing time in 

the current study. 
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There were likely moderate increases in the distance covered during sprinting (215 ± 

118 m), high intensity sprinting (130 ± 111 m) and total efforts over 18 km·h-1  (32 ± 

17) in backs compared to forwards (140 ± 86 m, 56 ± 68 m and 21 ± 13, 

respectively). This is in line with previous research (McLellan et al., 2011a; Waldron 

et al., 2011) who reported similar distances covered at sprinting speeds for forwards 

119 – 152 m and backs 293 – 316 m.  However, the values are lower than those 

reported for elite Australian rugby league (235 – 583 m) (Gabbett et al., 2012). This 

could be attributed to differences in the standard of league competition as Twist, 

Highton, Waldron, Edwards, Austin & Gabbett (2014) found relative high-speed 

running distance was greater in NRL matches in comparison to Super League. 

Comparisons between forwards and backs, for measured relative distances covered 

at sprinting and high intensity sprinting (Table 8) show backs perform more high 

intensity work per minute of match-play, in line with previous research (Sirotic et al., 

2011) Overall, the data indicates that backs participate in a greater amount of high 

intensity running when compared with forwards. .  

 

Backs performed a likely large number of maximal accelerations in comparison to 

forwards (4.7 cf. 9.1), whereas the number of maximal decelerations performed 

between both positions was similar (8.4 cf. 9.6). Shorter sprint distances (6 – 10 m) 

typical in hit-up forwards and a lower peak velocity during a match (7.8 m·s-1) in 

comparison to outside backs (8.18 m·s-1) (Gabbett, 2013b) could explain why less 

maximal accelerations were registered for forwards. The longer sprint distances for 

outside backs (>21 m) (Gabbett, 2013b) would allow them to achieve higher speeds 

and thus more maximal accelerations. Maximal decelerations occur regularly 

throughout the match, regardless of positions, and could be due to rapid changes of 
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direction to return to the defensive-line particularly when the opposing team gains 

possession of the ball. 

 

Forwards experienced a likely, moderate to large amount of very light to moderate 

collisions, and thus total collisions, in comparison to backs. Total collisions were 

higher than those previously reported; ranging from 16 to 45 (Gabbett et al., 2012; 

Gabbett, 2013; Twist et al., 2012). In contrast McLellan et al., (2011c) found forwards 

and backs experienced 858 ± 125 and 795 ± 145 impacts during rugby league 

match-play. These vast disparities could partly be due to differences in collision 

bands analysed and the GPS units used. The GPSport units utilised by McLellan et 

al. (2011c) calculated combined G force as a sum of the G force on each direction 

plane, whereas Catapult MinimaxX units averages the combined G force. RHIE 

bouts occurred regularly throughout the game, and was consistent with previous 

reports (Gabbett, 2012; Gabbett, 2013a). Forwards performed more repeated efforts 

than in comparison to backs, in agreement with Gabbett et al. (2012). These data, 

coupled with the fact higher standard rugby league teams perform more repeated 

efforts during a match (Gabbett, 2013), indicates repeated sprints incorporating 

physical collisions are essential to fully prepare players for the demands of 

competition. Collectively these GPS data indicate that backs have more space to run 

and therefore are able to attain higher speeds, due to less collisions experienced 

and specific roles such as retrieving and chasing kicks. 

 

The most likely, large increase in CK concentration indicates that tissue damage 

occurred after the match, and persisted for at least 36 hours. The values are similar 
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to those reported in elite rugby union (Takarada, 2003; Cunniffe, Hore, Whitecombe, 

Jones, Baker & Davies, 2010) and elite Australian rugby league (McLellan et al., 

2011b; McLellan et al., 2010), where elevations persisted for up to 96 hours post-

match. These findings are different to those of Twist et al. (2012), who reported 

lower values (~100 to 900 U·L-1) for CK concentration in a Super League team in the 

24 hour period after a match. The lower number and magnitude of contacts reported 

in both forwards and backs could account for the differences between this study and 

that of Twist and colleagues, particularly given the strong relationship between the 

number of impacts experienced by a player and peak CK concentration at 24 and 48 

hours post-match (McLellan et al., 2011c).  

 

In agreement with previous work (McLean et al., 2010; Twist et al., 2012; McLellan & 

Lovell, 2012) very likely, large decrements in CMJ flight time at 12 and 36 hours 

post-match, were evident. Reductions in muscular strength and velocity, caused by 

mechanical disruption of sarcomeres and/or sarcolemma membrane (Friden & 

Lieber, 1992) and associated loss of calcium ion homeostasis (Zhou, Li & Wang, 

2011), could have accounted for the reduction in CMJ flight time in the present study. 

These data suggest a player’s muscular strength may be reduced for at least 36 

hours after a match, which coaching staff should take into consideration during 

training and recovery sessions after a match. 

 

Although none significant, possibly small and likely moderate decrements in RPP 

flight time were also evident at 12 and 36 hours post-match, respectively (Table 10). 

To the author’s knowledge only one other study has observed changes in upper 
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body neuromuscular function following rugby league match-play (Johnston et al., 

2013). Consistent with the current findings, they reported small to moderate 

reductions in upper body peak power. Given the fact considerable time during a 

match is spent tackling and wrestling, assessing upper body neuromuscular fatigue 

is important. Collectively, these data suggest coaches should incorporate an 

assessment of upper body neuromuscular function post-match and were necessary 

include recovery strategies which target the upper body, as previous methods used 

only integrate the lower limbs (Gill, Beaven & Cook, 2006; Webb, Harris, Cronin & 

Walker, 2013). 

 

In the present study, perceived fatigue, muscular soreness and injury increased at 

12 and 36 hours post-match (as indicated by a lower score). In particular, fatigue and 

soreness demonstrated a most likely, large change at 12 hours (Table 12). This was 

consistent with previous research adopting a similar procedure (McLean et al., 2010; 

Twist et al., 2012). Muscle soreness has previously been closely correlated with 

myoglobin, a marker of muscle damage (r = 0.73) (Kanda, Sugama, Hayashida, 

Sakuma, Kawakami, Miura, Yoshioka & Suzuki, 2013). Combined with the observed 

changes in CK concentration, these data strongly suggest the presence of muscle 

damage following elite rugby league match-play. Perceived well-being remained 

below pre-match values at 12 and 36 hours post-match. These changes in 

psychological state could alter an athlete’s sense of effort, causing them to down-

regulate their exercise capacity in the days where perceived fatigue is increased 

(Marcora, Staiano & Manning, 2009). Players also reported a very likely, moderate 

reduction in sleep quality at 12 hours post-match, which returned to baseline at 36 

hours. Sleep deprivation has been reported to cause reductions in endurance 
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running performance (Oliver, Costa, Laing, Bilzon & Walsh, 2009) and sprint time 

(Skein, Duffield, Edge, Short & Mündel, 2011), thus athletic performance may be 

compromised the day after a match.  Consequently, coaches should acknowledge 

changes to players’ psychological state and sleep quality after a match, and the 

possible impact these variables have on training quality and exercise tolerance. 

 

The final part of the study assessed the relationship between match demands and 

recovery following elite rugby league match-play. Significant correlations were 

observed between total distance and duration of match-play and CK concentration, 

suggesting an increased total volume of distance covered during match-play can 

result in tissue damage. In particular, strong associations were found between 

distance covered over 18 km·h-1, relative distance covered over 20 km·h-1 and 

elevations in CK activity. Previous research has suggested that high-force, high-

velocity eccentric contractions, such as those engaged during sprinting, can increase 

the extent of muscle damage (Byrne & Eston, 2002), which is further supported by 

the current findings. Duffield et al. (2012) found the change in maximal voluntary 

contraction during a CMJ was moderately related to time on field, however no 

correlation was found between high speed running distance and changes in 

neuromuscular function. Match demands are lower in amateurs players, with 

decreased distances covered at higher intensity speed zones and reduced mean 

speed (Sirotic, et al., 2009). Consequently, decrements in neuromuscular function 

may be less dependent on high-intensity activities in amateur players, whereas the 

findings of the current study suggest high intensity running can contribute towards 

fatigue after a match in elite rugby league players. 
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The total number of high intensity accelerations and decelerations were moderately 

correlated with tissue damage. Such observation reaffirm those of Nedelec et al. 

(2014) who reported a significant relationship between decrements in CMJ and the 

number of hard changes in direction performed during a soccer match. The 

mechanical loading, causing by rapid accelerations and decelerations could have 

caused a lengthening and ‘popping’ of the sacromeres (Talbot & Morgan, 1996). 

Consequently, this results in a shearing of myofibrils, exposing membranes, 

especially t-tubules, to large deformations (Morgan & Proske, 2004), leading to a 

loss of calcium ion homeostasis, mechanical disruption of the actin-myosin bonds, 

and a decrease in force production (Zhou, Li & Wang, 2011).  

 

Total collisions experienced were significantly correlated with decrements in RPP 

flight time, elevated CK concentration and perceived muscle soreness. These results 

are consistence with others who have observed changes in CK concentration and 

collisions experienced in both rugby union (Smart, Gill, Beaven, Cook & Blazevich, 

2008) and rugby league (McLellan et al., 2011c; Twist et al., 2012). Twist et al. 

(2012) found correlations between tissue damage and total contacts only in 

forwards, suggesting recovery post-match could be position specific. Regardless, the 

data reported herein suggests the more collisions a player experiences the more 

damaged they are likely to be, and typically, heavier impacts were associated with 

greater elevations (very light: r = 0.42, light: r = 0.56, moderate: r = 0.69). A novel 

finding of the study was that decrements in upper body neuromuscular function were 

associated with total collisions experienced. McLellan & Lovell (2012) found heavy 
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impacts were significantly correlated to peak rate of force development and peak 

power during a CMJ, at 24 hours post-match. This highlights the need to incorporate 

an assessment of upper body muscular function in the days after a match. Where 

possible, future research could look at the possible impact decrements in upper body 

neuromuscular function has on training quality, recovery and injury rates. 

 

The total amount of RHIE bouts players performed was also significantly correlated 

with decrements in RPP flight time, elevated CK concentration and perceived muscle 

soreness. Johnston & Gabbett (2011) reported tackling performed in conjunction with 

repeated sprints resulted in a greater physiological cost, as indicated by an average 

HR of 167 b·min-1, in comparison to a repeated sprint performed without the addition 

of a tackle (154 b·min-1). The high physiological cost could place significant 

metabolic stress on the muscle fibres, decreasing the action of the calcium 

adenosine triphosphatase (ATPase), compromising the removal of calcium (Tee, 

Bosch & Lambert, 2007). Furthermore, an increase in hydrogen ions, effecting the 

ability of the sarcomere reticulum to take up calcium (Kendall & Eston, 2002), 

insufficient mitochondrial respiration and oxygen free radial production (Armstrong, 

1990) have also been associated with the initial stimulus for damage. These data 

indicate tissue damage caused by blunt force trauma from physical collisions may 

affect muscle soreness and fatigue to a greater extent than that caused by repeated 

eccentric muscle actions.  

 

The weak correlations between match demands and CMJ data suggest lower limb 

neuromuscular fatigue post-match is multifaceted. This is contrary to previous 
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research which has reported a significant relationship (r = -0.55) between CMJ 

performance decrement at 24 hours and the number of hard changes in direction 

(Nedelec et al., 2014). The sensitivity of the jump procedure used within the current 

study to assess neuromuscular fatigue might explain these findings. Indeed, while 

jump procedures have been recommended to evaluate muscle fatigue (Twist & 

Highton, 2013), their sensitivity has previously been questioned (Krustrup, Zebis, 

Jensen & Mohr, 2010). A portable force platform, which has been utilised within 

previous research (McLellan & Lovell, 2012; Nedelec et al., 2014), can provide a 

more comprehensive understanding of neuromuscular fatigue (Twist & Highton, 

2013). Therefore future research should aim to adopt jump procedures utilising 

equipment which is sensitive enough to detect small changes in jump performance.  

 

These data provide several practical implications. Simple measures of individual 

player duration can provide coaches with a starting point to individualize player 

recovery strategies. The use of GPS technology can provide a more comprehensive 

prediction of player recovery, from distance covered over 18 km·h-1, maximal 

accelerations and decelerations performed, the total number of collisions 

experienced and RHIE bouts performed. Accordingly, coaches can use this 

information to alter training sessions after a match to ensure training quality is not 

compromised. Not only this, but the utilisation of GPS within training sessions can 

allow coaches to monitor and predict player recovery on a daily basis. It may be 

advantageous to allow players extra recovery time, after they have performed 

physiologically demanding sessions involving a high frequency of collisions, high 

intensity running, and rapid accelerations and decelerations. Previous published 

work in rugby league observing the physical demands of both matches and training 
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session have implemented a variety of speed zones, which makes it difficult to make 

comparisons amongst the research. The data presented provides a strong argument 

for the use of speed zones incorporating 18 – 20 km·h-1 and > 20 km·h-1 due to the 

associated relationship with fatigue markers.  
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Conclusion 

The present study demonstrates post-match reductions in upper body 

neuromuscular function and elevations in CK concentration and perceived muscle 

soreness were associated with certain match demands. Specifically, duration of 

match-play, high intensity running and collisions were the strongest predictors of 

recovery. Although decrements in lower limb neuromuscular function were evident, 

the lack of sensitivity of the jump procedure used may account for the absence of 

correlations between decrements in CMJ performance and match demands. 

Prolonged reductions in perceived well-being, in particular elevations in muscle 

soreness and a reduced sleep quality could reduce the quality of training for up to 2 

days after a match. The application of collisions as a predictor of player recovery, 

coupled with the strong association between collisions experienced and perceived 

muscle soreness, provides strong evidence for the use of psychometric tools to 

monitor fatigue in rugby league players. These data are in support of previous 

recommendations (McLean et al., 2010; Twist et al., 2012), particularly for their ease 

of use within the field. The utilisation of GPS and be incorporated into training 

sessions and competitive matches to provide a more comprehensive prediction of 

player recovery.  
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Appendix 2 

Participant information sheet 

 
Physical demands of elite rugby league match play and the subsequent impact on 

recovery 

 

You are being invited to take part in a research study.  Before you decide, it is important for 
you to understand why the research is being done and what it will involve.  Please take time 
to read the following information carefully and discuss it with others if you wish.  Ask us if 
there is anything that is not clear or if you would like more information.  Take time to decide 
whether or not you wish to take part.  

 

Thank you for reading this. 

 

What is the purpose of the study? 

The purpose of the study is to examine the individual physiological demands of elite rugby 
league match play. This will be assessed using Global Positioning System (GPS) technology 
and monitoring heart rate (HR) during a competitive game. 

 

This will be compared with individual recovery after a match to assess whether there is a 
relationship between specific match demands and recovery. Recovery will be assessed by 
decrements in jump and plyometric push-up flight time, inflammatory blood markers and 
perceptual measures, immediately after and in the subsequent days post-match.  

 

Why have I been chosen? 

You have been chosen to take part in the study because you fit the criteria required to be a 
participant in the study and you have volunteered to take part. All participants must be an 
elite athlete, playing for a Rugby League first team. Furthermore you are fit to play in at least 
one competitive game which will be used for analysis.  

 

Do I have to take part? 

It is up to you to decide whether or not to take part.  If you decide to take part you will be 
given this information sheet to keep and be asked to sign a consent form.  If you decide to 
take part you are still free to withdraw at any time and without giving a reason.  A decision to 
withdraw at any time, or a decision not to take part, will not affect you in any way. 
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What will happen to me if I take part? 

You will be required to attend 5 consecutive sessions in which physiological measurements 
will be taken. 24 hours prior to a match you will have to perform baseline measurements of a 
counter movement jump (CMJ), repeated plyometric push-up and a questionnaire. On the 
day of a match you will have blood samples taken to assess Creatine Kinase (CK) levels 30 
minutes prior to commencing the match. During the match you will be required to wear a 
small GPS tracking device, on your back, and a HR monitor. Blood samples, a session rating 
of perceived exertion (RPE), CMJ and repeated plyometric push-up measurements and a 
questionnaire will be taken 30 minutes post match. At 24, 48 and 72 hours post-match 
(providing these times co-inside with your training schedule) blood samples, CMJ and 
repeated plyometric push-up measurements will be taken as well as completing a 
questionnaire. 

 

This data will be collated in a report, with the possibility of publication. All participants will 
remain anonymous, and data will be kept confidential.    

 

What are the possible disadvantages and risks of taking part? 

Participants will be required to perform tests assessing power, which will involve maximal 
excertion for a split second. This could cause some discomfort and further symptoms of 
exercise induced muscle damage, however as the test only lasts a split second, this will be 
minimised. 

 

Participants could experience some discomfort when blood is being taken, however blood 
sampled will only require a finger prick. All participants will be familiarised with all tests prior 
to commencing the study. 

 

All the physiological measurements will take a significant amount of time to perform, 
however these will coincide with the players regular training sessions.  

 

What are the possible benefits of taking part? 

Participants will gain individualised data on the physiological demands placed on their own 
bodies during an elite rugby league game. This will include data on number and distance of 
sprints covered during a game, accelerations and decelerations, repeated efforts, number of 
collisions, HR and metabolic damands of the game. This data will then be implemented into 
the players training programme and nutrition to help improve sporting performance. 
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Furthermore, each individual participant will receive data on their own recovery after a game. 
From this, specific recovery stategies can be devised for each player. In subsequent games, 
GPS data will be able to predict each participants decrements in muscle function, 
inflammatory response and recovery duration. 

 

This data will be published to add to our understanding of how the physiological demands of 
elite rugby league match play effect each players subsequent recovery.  

 

What if something goes wrong? 

If you wish to complain or have any concerns about any aspect of the way you have been 
approached or treated during the course of this study, please contact Professor Sarah 
Andrew, Dean of the Faculty of Applied Sciences, University of Chester, Parkgate Road, 
Chester, CH1 4BJ, 01244  513055. 

 

Will my taking part in the study be kept confidential? 

All information which is collected about you during the course of the research will be kept 
strictly confidential so that only the researcher carrying out the research will have access to 
such information.   

 

What will happen to the results of the research study? 

The results will be written up into a thesis for my MRes. Individuals who participate will not 
be identified in any subsequent report or publication. 

 

Who is organising the research? 

The research is conducted as part of my MRes in Sport Science (rugby league) within the 
Department of Sport and Exercise Sciences at the University of Chester. The study is 
organised with supervision from the department, by Dr Jamie Highton. 

 

Who may I contact for further information? 

If you would like more information about the research before you decide whether or not you 
would be willing to take part, please contact: 

@chester.ac.uk 

Thank you for your interest in this research. 
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Appendix 3 

Participant consent form 

Title of Project:  

Physical demands of elite rugby league match play and the subsequent impact on 
recovery 

 

Name of Researcher:  Chelsea Oxendale 

 

       Please initial box 

 

1. I confirm that I have read and understand the information sheet  
     for the above study and have had the opportunity to ask questions. 

 

2. I understand that my participation is voluntary and that I am free to  
     withdraw at any time, without giving any reason and without my  

     legal rights being affected. 

 

3. I agree to take part in the above study.    

 

___________________                _________________   _____________ 

Name of Participant Date  Signature 

 

___________________                _________________   _____________ 

Researcher Date  Signature 
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Appendix 4 

Well-being Questionnaire (WQ) 

Name:                                                                        Date: 

General Stress 
 

0 
Extremely  
stressed 

1 2 3 4 5 6 
No stress 

Fatigue 
 

0 
Extremely  
fatigued 

1 2 3 4 5 6 
No fatigue 

Soreness 0 
Extreme  
soreness 

1 2 3 4 5 6 
No soreness

General Well-
being 

0 
poor 

1 2 3 4 5 6 
excellent 

Sleep Quality 
 

0 
poor 

1 2 3 4 5 6 
excellent 

Injury 
 

0 
injury 

1 2 3 4 5 6 
No injury 
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Appendix 5 

ANOVA for match-demands 

 

ANOVA 

 Sum of Squares df Mean Square F Sig. 

Duration in secs 

Between Groups 3029294.760 1 3029294.760 1.472 .236

Within Groups 53490049.668 26 2057309.603   

Total 56519344.429 27    

odometer 

Between Groups 6216702.583 1 6216702.583 1.605 .216

Within Groups 100690970.417 26 3872729.631   

Total 106907673.000 27    

meterage/min 

Between Groups 12.271 1 12.271 .156 .696

Within Groups 2040.769 26 78.491   

Total 2053.040 27    

player load 

Between Groups 201738.370 1 201738.370 4.801 .051

Within Groups 462196.022 11 42017.820   

Total 663934.393 12    

dist standing walking jogging 

Between Groups 3642242.439 1 3642242.439 1.613 .215

Within Groups 58724579.668 26 2258637.680   

Total 62366822.107 27    

dist cruising 

Between Groups 501.222 1 501.222 .021 .885

Within Groups 614846.492 26 23647.942   

Total 615347.714 27    

dist striding 

Between Groups 37139.615 1 37139.615 .989 .329

Within Groups 976146.492 26 37544.096   

Total 1013286.107 27    

dist HI running Between Groups 6274.985 1 6274.985 1.487 .234
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Within Groups 109731.872 26 4220.457   

Total 116006.857 27    

dist sprinting 

Between Groups 34298.472 1 34298.472 3.194 .086

Within Groups 279180.492 26 10737.711   

Total 313478.964 27    

dist HI sprinting 

Between Groups 35179.371 1 35179.371 4.295 .048

Within Groups 212981.487 26 8191.596   

Total 248160.857 27    

HI accelerations 

Between Groups 128.419 1 128.419 5.542 .026

Within Groups 602.439 26 23.171   

Total 730.857 27    

HI decelerations 

Between Groups 10.015 1 10.015 .358 .555

Within Groups 726.663 26 27.949   

Total 736.679 27    

% HI running >18km/h 

Between Groups 22.136 1 22.136 4.580 .042

Within Groups 125.665 26 4.833   

Total 147.802 27    

0-2G collisions 

Between Groups 1395.380 1 1395.380 2.384 .135

Within Groups 15220.727 26 585.413   

Total 16616.107 27    

2-3G collisions 

Between Groups 1065.516 1 1065.516 5.625 .025

Within Groups 4925.198 26 189.431   

Total 5990.714 27    

3-4.5G collisions 

Between Groups 364.240 1 364.240 2.983 .096

Within Groups 3174.439 26 122.094   

Total 3538.679 27    

4.5-6G collisions 

Between Groups 25.864 1 25.864 .947 .339

Within Groups 709.850 26 27.302   

Total 735.714 27    

6-8G collisions 
Between Groups 3.585 1 3.585 .650 .427

Within Groups 143.380 26 5.515   
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Total 146.964 27    

8-15G collisions 

Between Groups .422 1 .422 .166 .687

Within Groups 66.257 26 2.548   

Total 66.679 27    

Total collisions 

Between Groups 9352.942 1 9352.942 3.294 .081

Within Groups 73819.487 26 2839.211   

Total 83172.429 27    

Total RHIE bouts 

Between Groups 129.989 1 129.989 1.615 .215

Within Groups 2092.118 26 80.466   

Total 2222.107 27    

Efforts18-20km/h 

Between Groups 25.444 1 25.444 .657 .425

Within Groups 1006.663 26 38.718   

Total 1032.107 27    

Efforts 20-24km/h 

Between Groups 245.166 1 245.166 5.071 .033

Within Groups 1256.941 26 48.344   

Total 1502.107 27    

Efforts over 24km/h 

Between Groups 43.273 1 43.273 3.283 .082

Within Groups 342.727 26 13.182   

Total 386.000 27    

Total efforts over 18 

Between Groups 744.209 1 744.209 3.291 .081

Within Groups 5878.791 26 226.107   

Total 6623.000 27    

 
 

 

Distances covered 

 

Tests of Within-Subjects Effects 
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Measure:   MEASURE_1  

Source Type III Sum of 

Squares 

df Mean Square F Sig. 

distance 

Sphericity Assumed 82860.590 5 16572.118 1848.513 .000

Greenhouse-Geisser 82860.590 1.227 67557.138 1848.513 .000

Huynh-Feldt 82860.590 1.306 63468.504 1848.513 .000

Lower-bound 82860.590 1.000 82860.590 1848.513 .000

distance * Position 

Sphericity Assumed 25.678 5 5.136 .573 .721

Greenhouse-Geisser 25.678 1.227 20.936 .573 .488

Huynh-Feldt 25.678 1.306 19.669 .573 .498

Lower-bound 25.678 1.000 25.678 .573 .456

Error(distance) 

Sphericity Assumed 1165.464 130 8.965   

Greenhouse-Geisser 1165.464 31.890 36.547   

Huynh-Feldt 1165.464 33.944 34.335   

Lower-bound 1165.464 26.000 44.826   

 
 

 

 

Paired Samples Test 

 Paired Differences t df Sig. (2-tailed) 

Mean Std. Deviation Std. Error Mean 95% Confidence Interval of the 

Difference 

Lower Upper 

Pair 1 m/min at 0-12 - m/min 12-14 57.91893 6.78885 1.28297 55.28649 60.55137 45.144 27 .000 

Pair 2 m/min at 0-12 - m/min 14-18 57.94250 7.01691 1.32607 55.22163 60.66337 43.695 27 .000 

Pair 3 m/min at 0-12 - m/min 18-20 62.76107 6.77415 1.28019 60.13433 65.38781 49.025 27 .000 

Pair 4 m/min at 0-12 - m/min 20-24 62.01286 6.81727 1.28834 59.36940 64.65632 48.134 27 .000 



86 
 

Pair 5 m/min at 0-12 - m/min HI sprinting 63.51036 7.13850 1.34905 60.74233 66.27838 47.078 27 .000 

Pair 6 m/min 12-14 - m/min 14-18 .02357 1.44320 .27274 -.53604 .58319 .086 27 .932 

Pair 7 m/min 12-14 - m/min 18-20 4.84214 1.88202 .35567 4.11237 5.57191 13.614 27 .000 

Pair 8 m/min 12-14 - m/min 20-24 4.09393 2.13139 .40280 3.26746 4.92040 10.164 27 .000 

Pair 9 m/min 12-14 - m/min HI sprinting 5.59143 2.38692 .45109 4.66588 6.51698 12.395 27 .000 

Pair 10 m/min 14-18 - m/min 18-20 4.81857 1.38878 .26245 4.28006 5.35708 18.360 27 .000 

Pair 11 m/min 14-18 - m/min 20-24 4.07036 1.55630 .29411 3.46689 4.67383 13.839 27 .000 

Pair 12 m/min 14-18 - m/min HI sprinting 5.56786 1.68279 .31802 4.91534 6.22037 17.508 27 .000 

Pair 13 m/min 18-20 - m/min 20-24 -.74821 .84713 .16009 -1.07670 -.41973 -4.674 27 .000 

Pair 14 m/min 18-20 - m/min HI sprinting .74929 1.02403 .19352 .35221 1.14636 3.872 27 .001 

Pair 15 m/min 20-24 - m/min HI sprinting 1.49750 1.11191 .21013 1.06635 1.92865 7.127 27 .000 

 
Collisions 
 

Tests of Within-Subjects Effects 

Measure:   MEASURE_1  

Source Type III Sum of 

Squares 

df Mean Square F Sig. 

collisions 

Sphericity Assumed 8483.326 5 1696.665 18.478 .000

Greenhouse-Geisser 8483.326 1.571 5398.619 18.478 .000

Huynh-Feldt 8483.326 1.719 4934.320 18.478 .000

Lower-bound 8483.326 1.000 8483.326 18.478 .000

collisions * Position 

Sphericity Assumed 1296.183 5 259.237 2.823 .019

Greenhouse-Geisser 1296.183 1.571 824.865 2.823 .083

Huynh-Feldt 1296.183 1.719 753.924 2.823 .078

Lower-bound 1296.183 1.000 1296.183 2.823 .105

Error(collisions) 

Sphericity Assumed 11936.602 130 91.820   

Greenhouse-Geisser 11936.602 40.856 292.162   

Huynh-Feldt 11936.602 44.700 267.035   
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Lower-bound 11936.602 26.000 459.100   

 
 

Paired Samples Test 

 Paired Differences t df Sig. (2-tailed) 

Mean Std. Deviation Std. Error Mean 95% Confidence Interval of the 

Difference 

Lower Upper 

Pair 1 0-2G collisions - 2-3G collisions -3.893 16.540 3.126 -10.307 2.521 -1.245 27 .224 

Pair 2 0-2G collisions - 3-4.5G collisions -3.071 17.431 3.294 -9.831 3.688 -.932 27 .359 

Pair 3 0-2G collisions - 4.5-6G collisions 10.036 20.448 3.864 2.107 17.965 2.597 27 .015 

Pair 4 0-2G collisions - 6-8G collisions 13.786 22.731 4.296 4.972 22.600 3.209 27 .003 

Pair 5 0-2G collisions - 8-15G collisions 14.714 23.439 4.430 5.626 23.803 3.322 27 .003 

Pair 6 2-3G collisions - 3-4.5G collisions .821 7.056 1.333 -1.914 3.557 .616 27 .543 

Pair 7 2-3G collisions - 4.5-6G collisions 13.929 11.540 2.181 9.454 18.403 6.387 27 .000 

Pair 8 2-3G collisions - 6-8G collisions 17.679 13.524 2.556 12.435 22.923 6.917 27 .000 

Pair 9 2-3G collisions - 8-15G collisions 18.607 14.195 2.683 13.103 24.112 6.936 27 .000 

Pair 10 3-4.5G collisions - 4.5-6G collisions 13.107 7.946 1.502 10.026 16.188 8.729 27 .000 

Pair 11 3-4.5G collisions - 6-8G collisions 16.857 10.150 1.918 12.922 20.793 8.788 27 .000 

Pair 12 3-4.5G collisions - 8-15G collisions 17.786 10.657 2.014 13.653 21.918 8.831 27 .000 

Pair 13 4.5-6G collisions - 6-8G collisions 3.750 3.534 .668 2.380 5.120 5.615 27 .000 

Pair 14 4.5-6G collisions - 8-15G collisions 4.679 4.146 .784 3.071 6.286 5.971 27 .000 

Pair 15 6-8G collisions - 8-15G collisions .929 1.489 .281 .351 1.506 3.300 27 .003 

 
 
CK concentration 
 

Tests of Within-Subjects Effects 

Measure:   MEASURE_1  
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Source Type III Sum of 

Squares 

df Mean Square F Sig. 

time 

Sphericity Assumed 2870966.889 4 717741.722 13.238 .000 

Greenhouse-Geisser 2870966.889 1.307 2196072.743 13.238 .003 

Huynh-Feldt 2870966.889 1.459 1967512.414 13.238 .002 

Lower-bound 2870966.889 1.000 2870966.889 13.238 .007 

Error(time) 

Sphericity Assumed 1734982.711 32 54218.210   

Greenhouse-Geisser 1734982.711 10.459 165891.335   

Huynh-Feldt 1734982.711 11.673 148625.888   

Lower-bound 1734982.711 8.000 216872.839   

 
 

Paired Samples Test 

 Paired Differences t df Sig. (2-tailed) 

Mean Std. Deviation Std. Error Mean 95% Confidence Interval of the 

Difference 

Lower Upper 

Pair 1 Baseline CK - 30min CK -266.800 209.144 46.766 -364.683 -168.917 -5.705 19 .000 

Pair 2 Baseline CK - 12hr CK -798.962 431.077 84.541 -973.077 -624.846 -9.451 25 .000 

Pair 3 Baseline CK - 36hr CK -541.261 316.278 65.948 -678.030 -404.492 -8.207 22 .000 

Pair 4 Baseline CK - 60hr CK -23.643 114.513 30.605 -89.761 42.475 -.773 13 .454 

Pair 5 30min CK - 12hr CK -531.500 336.199 79.243 -698.688 -364.312 -6.707 17 .000 

Pair 6 30min CK - 36hr CK -286.867 255.341 65.929 -428.270 -145.464 -4.351 14 .001 

Pair 7 30min CK - 60hr CK 206.308 187.472 51.995 93.020 319.596 3.968 12 .002 

Pair 8 12hr CK - 36hr CK 230.238 265.780 57.998 109.256 351.220 3.970 20 .001 

Pair 9 12hr CK - 60hr CK 690.538 481.764 133.617 399.411 981.665 5.168 12 .000 

Pair 10 36hr CK - 60hr CK 345.455 223.573 67.410 195.256 495.653 5.125 10 .000 

 
CMJ 
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Tests of Within-Subjects Effects 

Measure:   MEASURE_1  

Source Type III Sum of 

Squares 

df Mean Square F Sig. 

time 

Sphericity Assumed .007 2 .004 5.781 .008 

Greenhouse-Geisser .007 1.819 .004 5.781 .010 

Huynh-Feldt .007 2.000 .004 5.781 .008 

Lower-bound .007 1.000 .007 5.781 .030 

Error(time) 

Sphericity Assumed .019 30 .001   

Greenhouse-Geisser .019 27.282 .001   

Huynh-Feldt .019 30.000 .001   

Lower-bound .019 15.000 .001   

 
 

Paired Samples Test 

 Paired Differences t df Sig. (2-tailed) 

Mean Std. Deviation Std. Error Mean 95% Confidence Interval of the 

Difference 

Lower Upper 

Pair 1 baseline CMJ - 12hr CMJ .02391 .02792 .00582 .01184 .03599 4.108 22 .000 

Pair 2 baseline CMJ - 36hr CMJ .02333 .03447 .00812 .00619 .04048 2.872 17 .011 

Pair 3 12hr CMJ - 36hr CMJ -.00125 .04015 .01004 -.02264 .02014 -.125 15 .903 

 
 

RPP 
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Tests of Within-Subjects Effects 

Measure:   MEASURE_1  

Source Type III Sum of 

Squares 

df Mean Square F Sig. 

time 

Sphericity Assumed .019 2 .009 2.684 .085 

Greenhouse-Geisser .019 1.232 .015 2.684 .113 

Huynh-Feldt .019 1.286 .014 2.684 .111 

Lower-bound .019 1.000 .019 2.684 .122 

Error(time) 

Sphericity Assumed .104 30 .003   

Greenhouse-Geisser .104 18.475 .006   

Huynh-Feldt .104 19.291 .005   

Lower-bound .104 15.000 .007   

 

 
WQ 

 

Tests of Within-Subjects Effects 

Measure:   MEASURE_1  

Source Type III Sum of 

Squares 

df Mean Square F Sig. 

time 

Sphericity Assumed 18.952 2 9.476 15.547 .000 

Greenhouse-Geisser 18.952 1.589 11.928 15.547 .000 

Huynh-Feldt 18.952 1.704 11.124 15.547 .000 

Lower-bound 18.952 1.000 18.952 15.547 .001 

Error(time) 
Sphericity Assumed 24.381 40 .610   

Greenhouse-Geisser 24.381 31.778 .767   
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Huynh-Feldt 24.381 34.074 .716   

Lower-bound 24.381 20.000 1.219   

 
 

Paired Samples Test 

 Paired Differences t df Sig. (2-tailed) 

Mean Std. Deviation Std. Error Mean 95% Confidence Interval of the 

Difference 

Lower Upper 

Pair 1 fatigue pre - fatigue at 12 hr 1.370 1.523 .293 .768 1.973 4.676 26 .000 

Pair 2 fatigue pre - fatigue at 36 hr 1.048 1.203 .263 .500 1.595 3.990 20 .001 

 
 

 

Paired Samples Test 

 Paired Differences t df Sig. (2-tailed) 

Mean Std. Deviation Std. Error Mean 95% Confidence Interval of the 

Difference 

Lower Upper 

Pair 1 soreness pre - soreness at 12 hr 1.148 1.199 .231 .674 1.623 4.974 26 .000 

Pair 2 soreness pre - soreness at 36 hr .857 1.195 .261 .313 1.401 3.286 20 .004 

Pair 3 well being pre - well-being at 12 hr .778 .974 .187 .392 1.163 4.149 26 .000 

Pair 4 well being pre - wellbeing at 36 hr .714 .845 .184 .330 1.099 3.873 20 .001 

Pair 5 sleep pre - sleep at 12 hr 1.037 1.743 .335 .348 1.726 3.092 26 .005 

Pair 6 sleep pre - sleep at 36 hr .190 1.030 .225 -.279 .660 .847 20 .407 

Pair 7 injury pre - injury at 12 hr 1.185 1.331 .256 .659 1.712 4.626 26 .000 

Pair 8 injury pre - injury at 36 hr .810 1.123 .245 .298 1.321 3.302 20 .004 
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Correlations 
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