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Abstract 

Players from a number of team sports such as soccer, Australian rules football, and rugby 

league adopt pacing strategies during match-play in order to successfully complete match 

tasks without causing the failure of any single physiological system. Whilst these pacing 

strategies are influenced by numerous factors, it is currently unclear how physical qualities, 

physical contact, and time between matches influence pacing strategies. Given the frequency 

of physical collisions during match-play and the close link between physical qualities and 

success in rugby league, it is important to determine the impact they have on running 

intensities and pacing strategies employed by players. In addition, when players have little 

time to recover between matches, such as during a tournament, they may alter their pacing 

strategies to manage the fatigue that could occur across the period of congested fixtures.  

 

The demanding nature of competition results in players experiencing perceptual and physical 

fatigue that persists for a number of days following rugby league competition. Although the 

time course of the fatigue responses are well understood, little is known as to how fatigue 

impacts match activities and whether the fatigue response can be modified. Previous research 

has shown positive correlations between physical contact and markers of muscle damage; 

however as collisions make up a large proportion of the game, further work is required to 

determine the true cause and effect of physical contact. Although post-match fatigue is 

inevitable, various recovery interventions (e.g. ice baths, active recovery, compression 

garments) are often employed in an attempt to accelerate the recovery process. Despite this, 

the efficacy of many of these strategies has often been questioned. Given that well-developed 

physical qualities are associated with reduced transient fatigue and can be easily improved via 

training, it would appear important to determine the impact various physical qualities have on 

the fatigue response to match-play.  

 

With this in mind, the overall aims of this thesis were to determine the impact of physical 

contact, physical qualities, and periods of congested fixtures on pacing strategies and markers 

of fatigue and muscle damage in rugby league players. The thesis comprised 9 individual 

studies divided into two separate, yet interlinking themes. The first theme focused on player 

workloads, pacing strategies, and match intensities; the second on the fatigue response to 

these physical demands. Studies 1-3 investigated the influence of contact on subsequent 
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running performance as well as the relationship with aerobic fitness and strength qualities. We 

found that performing contact within small-sided games leads to greater reductions in running 

performance as players employ a pacing strategy that prioritises the maintenance of contact 

efforts over running efforts. Increasing the contact demands leads to further reductions in 

running intensities. Subsequent studies also confirmed these findings, highlighting that there 

were greater reductions in running intensities during small-sided games following contact 

dominant repeated-effort activity as opposed to following running dominant activity. In 

Theme 2, we investigated the impact of physical contact on fatigue and muscle damage. The 

addition of physical contact to small-sided games resulted in upper-body fatigue as well as 

larger increases in blood creatine kinase compared to following non-contact small-sided 

games. In addition, we also found that increased running loads resulted in greater lower-body 

fatigue, whereas increased contact loads lead to increased upper-body fatigue. These data 

indicate that performing physical contact leads to larger increases in muscle damage and 

upper-body fatigue compared to exercise involving no contact. Furthermore, the location of 

fatigue sustained (e.g. upper- or lower-body) is sensitive to the activity performed. In Theme 

2 we also investigated the fatigue response during an intensified competition and explored the 

relationship between fatigue and match activities. Increased creatine kinase, a marker of 

muscle damage, was related to reductions in match activities. Exploring the relationships 

between physical fitness, match activities and post-match fatigue response following both 

single matches and during a tournament provided some interesting results. We found players 

with well-developed physical qualities had higher work-rates, which could be maintained over 

a number of games, as well as less post-match fatigue. This suggests that physical qualities 

offer a protective effect against post-match fatigue.  
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Summary 

In summary, the findings of the conducted experiments demonstrate that: 

1. Physical contact is physically demanding leading to both reductions in running 

intensities during small-sided games and increases in markers of upper-body fatigue 

and skeletal muscle damage.  

2. High-intensity running does not adequately prepare players for the intense contact 

demands of competition. 

3. Players with well-developed physical qualities set higher pacing strategies, which they 

can maintain for longer than players with poorly developed physical qualities. 

4. Markers of fatigue accumulate over intensified competition; these symptoms are 

greater in the forwards compared to backs. Increased fatigue and muscle damage 

contribute to reductions in high-intensity match activities such as repeated high-

intensity effort bouts.  

5. Aerobic fitness and lower-body muscular strength have a protective effect against 

post-match fatigue and muscle damage following both single games and intensified 

competition. In addition, players with well-developed physical qualities have greater 

absolute and relative workloads than their less fit counterparts. 

 

Collectively these data highlight that well-developed physical qualities lead to greater relative 

and absolute workloads during match-play and game based training as well as lower levels of 

fatigue and muscle damage. Despite the high physiological and functional cost of performing 

physical contact, players need to be exposed to the most intense contact and running demands 

of competition during training. This will allow appropriate physical qualities to be developed 

that lead to increased player work-rates as well as reductions in post-match fatigue.
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List of Abbreviations 

All abbreviations will be highlighted in full upon first use in each chapter or individual study, 

before appearing in abbreviated form for the remainder of the chapter or study. A list of all 

abbreviations used in the thesis appears below. 

30-15 IFT 30-15 Intermittent Fitness Test 

∑ 7  Sum of 7 

BT Bench throw 

CI Confidence interval 

CK Creatine kinase 

cm Centimetre 

CMJ Countermovement jump 

CR-10 Category ratio scale 10 

CV Coefficient of variation 

ES Effect size 

ESL European Super League 

GPS Global positioning system 

HSR High-speed running 

ICC Intraclass correlation coefficient 

kg Kilogram 

LSA Low-speed activity 

min Minute  

ml
.
kg

-1.
min

-1
 Millilitres per kilogram per minute  

mm Millimetres  

MSR Moderate-speed running 

m
.
min

-1
 Metres per minute 

m
.
s

-1
 Metres per second (velocity) 

m
.
s

-2
 Metres per second (acceleration) 

no. Number 

no./min Number per minute 

NRL National Rugby League 

NYC National Youth Competition 

PP Plyometric push-up 

RHIE Repeated high-intensity effort 
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RM Repetition maximum 

RPE Rating of perceived exertion 

s Seconds 

SD Standard deviation 

SE Standard error 

SEE Standard error of the estimate 

SJ Squat jump 

SSG Small-sided game 

TE Typical error of measurement 

VJ Vertical jump 

V̇O2 max Maximal oxygen consumption 

W Watts 

Yo-Yo IRT Yo-Yo Intermittent Recovery Test 
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Navigation of the Thesis 

The work presented in this thesis is based upon previous literature discussed in the 

introduction. The thesis itself is comprised of two distinct, yet interrelating themes. The first 

theme investigates how physical contact and fitness impact on pacing strategies employed by 

players during match-play and game based training. Each of the studies in this theme are 

linked to each other as we initially investigate the impact of single and then multiple physical 

contact efforts on pacing strategies employed by players during small-sided games. In 

addition, the influence of high-intensity running ability, as well as upper- and lower-body 

strength on activities performed during small-sided games was investigated. The final study in 

this theme built upon the third study by investigating the influence of physical fitness on the 

pacing strategies employed by players during an intensified competition and whether these 

pacing strategies were also influenced by playing standard.  

 

The second theme in this thesis centres on fatigue responses following rugby league 

competition and small-sided games. The first study in this series investigates the fatigue 

responses to an intensified rugby league competition and how fatigue is influenced by playing 

position and the relationship with match activities. This initial study found a relationship 

between increases in markers of muscle damage and the number of contacts players 

performed over the competition.  As such, in our second study, we subsequently aimed to 

determine the true impact of physical contact on markers of fatigue and muscle damage. The 

third and fourth study aimed to determine the influence of physical fitness and playing 

standard on the fatigue response to both single fixtures and intensified competition.  

 

Based on the results from previous studies in this thesis, the final study (study 9) investigated 

both pacing and fatigue during small-sided games following repeated effort exercise involving 

varying amounts of contact and running. In particular, given that we previously demonstrated 

greater reductions in small-sided game running intensities as the number of contacts per bout 

increased, we assessed whether this trend was different when the high-intensity bouts were 

more match-specific and included a combination of contact and running efforts. Moreover, 

given that we highlighted that there were increases in upper-body fatigue with contact and 

increases in lower-body fatigue with running loads, we explored these results further by 
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quantifying the upper- and lower-body fatigue response to running dominant and contact 

dominant high-intensity activity.  

 

Whilst there are two separate themes of studies within this thesis, there is a global theme of 

the influence of fitness, physical contact, and congested fixture periods on (1) activity profiles 

and pacing strategies, and (2) the fatigue response to competition demands and the causes and 

consequences of this fatigue. Moreover, a number of the studies within this thesis draw upon 

both of the described themes. The links between papers within this thesis are illustrated in 

Figure 1.The rationale for each of these studies is explained in the following section.
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1.1 Overview of Rugby League 

Rugby league is an intermittent team sport played internationally by junior and senior players 

at professional, semi-professional and amateur levels. Over the course of a game, players are 

required to perform bouts of high-intensity activity (e.g. high-speed running, sprinting and 

physical collisions) separated by short recovery bouts of lower intensity activities (e.g. 

standing, walking, jogging) [1-8]. While rugby league requires players to perform numerous 

bouts of high-speed running, unlike other team sports players are required to compete in 

frequent physically demanding collisions, and wrestles over the course of a game [9-11]. 

These physical contests between players are particularly fatiguing, and make the demands of 

rugby league unique. 

 

1.2 Theme 1 – Factors influencing pacing strategies in rugby league players 

Research from self-paced endurance sports has highlighted a number of different pacing 

strategies are employed by athletes in order to deliver optimal performances without causing 

physiological failure [12, 13]. In addition, pacing strategies are also adopted during pre-

determined repeated-sprint activity [14]. However, in team sports, the stochastic nature of 

match-play and ever changing contextual factors make a closely controlled pacing strategy 

more difficult to implement. Recent research from sports such as rugby league [15, 16], 

Australian rules football [17, 18] and soccer [19], has reported the use of pacing strategies in 

team sports. Much of this evidence suggests that as the game progresses, players employ a 

pacing strategy whereby they reduce low-speed activity in order to maintain high-intensity 

actions [17, 18, 20]. It is clear that numerous factors influence pacing strategies during self-

paced events, including changes in core temperature [18, 21], knowledge of exercise end-

point [14, 22], bout duration [15, 16, 22], match outcome [15] and substrate availability [12]. 

Despite this, there is currently limited evidence documenting the influence of match activities, 

periods of congested fixtures, playing standard and/or physical fitness on the pacing strategies 

employed by players.  
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Interchange players in rugby league pace at a higher intensity than whole-match players due 

to shorter periods of match-play [16]; on the other hand, whole-game players set an intensity 

that allows them to complete the game in a reasonable physical state [15, 16]. In addition, 

players from winning sides appear to adopt similar pacing strategies to players from losing 

sides, except they maintain a higher intensity of match-play [15]. This trend is apparent for 

both whole-match and interchange players.  However, the influence of physical qualities on 

these pacing strategies is unclear [23, 24]. It is also unclear as to the effect of other factors, 

such as physical contact, fitness and time between fixtures, on pacing strategies employed 

during competition. There is a high frequency of physical contact during competition, with 

players often being required to perform as many as 1.9 ± 0.7 collisions per minute of match-

play [25] as well as maintaining running intensities as high as 125.1 ± 16.1 m/min when the 

ball is in play [26]. These demands are particularly challenging with previous research 

indicating that physical contact increases the physiological responses to repeated-sprint 

activity as well as causing performance reductions [9] and elevations in fatigue [27]. Despite 

this, it remains unclear as to the effect of physical contact on running intensities and pacing 

strategies during small-sided games. Physical fitness is closely linked to success in rugby 

league with numerous qualities being related to match activity profiles [24, 28]; although to 

date, it is unclear as to whether pacing strategies differ based on physical qualities. Players in 

numerous team sports regularly compete in tournaments where they are required to play a 

number of games within a short period of time [29]. During such periods, pacing strategies 

may differ to those seen during regular competition; players may adjust match activities in an 

attempt to minimise post-match fatigue that are linked to reductions in physical and technical 

match activities [30].   
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1.3 Theme 2 – Residual fatigue in rugby league players: causes and 

consequences 

Given the demanding nature of match-play, players experience immediate and delayed 

feelings of perceptual and physical fatigue that persist for a number of days following rugby 

league competition. Previously, studies have reported impairments in whole body 

neuromuscular function [27, 30-34], increases in markers of skeletal muscle damage [27, 30, 

34-36], and reductions in perceived wellbeing [27, 30, 32] following rugby league matches, 

typically persisting for 24-48 hours following competition. However, elevations in blood 

creatine kinase (CK), an indirect marker of muscle damage, may last up to 120 hours [34, 35]. 

During the competitive season, games are generally separated by 5-10 days, providing players 

with sufficient time to recover, given appropriate training and recovery interventions are 

employed. Despite this, there are periods during the season, when players are required to play 

multiple games within a week [30]. Previous research has shown that during intensified rugby 

league [30], basketball [29], and soccer competition [37], high-intensity match activities and 

technical performance become compromised in the latter stages of the tournament as fatigue 

accumulates. Recent research from Australian rules football has suggested that increased 

neuromuscular fatigue results in an increased proportion of match activity spent at lower 

speeds and fewer accelerations as well as limiting the positive influence well-developed 

physical qualities have on match performance [38, 39]. In addition, elevated blood CK prior 

to competition is also linked to reductions in match performance [40]. In spite of this, there is 

no research in rugby league that demonstrates that increases in markers of fatigue impact on 

either technical or physical match performance. Given that the demands of rugby league are 

vastly different to Australian rules football, with greater contact demands and lower running 

loads [41], it is likely that the fatigue markers and their relationship to performance will also 

differ. As such, it is important to investigate the relationships between markers of fatigue and 

physical and technical match performance in rugby league players.  

 

Certain activities performed during competition appear to increase post-match fatigue. 

Increases in playing time and match speed results in greater reductions in post-match muscle 

function [31]. In addition, physical contact comprises a large proportion of match-play, with 

players being involved in frequent collisions in both attack and defence [5, 25]. Twist et al., 
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[27] reported that the total number of contact efforts performed during competition was 

correlated with post-game increases in CK and reductions in jump height. Furthermore, 

physical contact caused greater reductions in repeated-sprint performance when performed 

intermittently with sprints as opposed to repeated sprints alone [9]. This suggests that 

performing contact efforts results in increased muscle damage and fatigue. Despite this, the 

study by Twist et al. [27] does not show cause and effect, and the repeated-effort drill used by 

Johnston and Gabbett did not closely replicate the demands of rugby league match-play. 

Given the frequency of physical collisions [25], it is important to quantify the physiological 

cost of these contact efforts so coaches can appropriately prescribe training with these 

demands in mind.  

 

Given that fatigue is an inevitable response following competition, during a prolonged 

competitive season that can last for 7-8 months of the year with regular weekly competitions, 

it would appear important to minimise the disruption post-match fatigue has on the training 

process. Whilst various interventions are often employed to facilitate recovery following 

match-play, their efficacy is often questioned [42, 43]. Currently, it is unclear whether any 

intrinsic qualities influence the fatigue response observed following competition. Findings 

from Australian rules football demonstrated that across a season, players with better 6 min run 

performance showed smaller disturbances in blood CK prior to competition [40]. Also, well-

developed physical qualities reduce transient fatigue and promote recovery following intense 

physical exertion [44]. In particular, greater aerobic fitness results in smaller decrements in 

repeated-sprint performance [45, 46]. As such, fitter athletes may experience smaller 

metabolic disturbances following high-intensity activity, resulting in less acute fatigue [44]. 

Whilst speculative, this could translate to reduced residual fatigue, and accelerated recovery 

following competition. As well as aerobic qualities, muscular strength may also influence 

post-match fatigue. Although collisions play a major role in the muscle damage and fatigue 

response [27], high-speed movements also induce symptoms of fatigue [27, 30, 47]. 

Therefore, players who possess greater muscular strength and eccentric strength in particular, 

may be more suited to dealing with the forces associated with these movements. Greater 

strength appears to augment the stretch-shortening cycle, potentially placing less stress on the 

contractile components of the muscle [48, 49]. Indeed, Byrne et al. [50] suggested that 
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enhancing the stretch-shortening cycle capabilities of the muscle may moderate the effects of 

muscle damage. Therefore, greater muscular strength may limit neuromuscular fatigue and 

muscle damage following match-play. In addition, to the potential protective effects of well-

developed physical qualities on post-match fatigue, they are also linked to increased work-

rates during competition [24, 28]. As such, it is an attractive notion that enhancing physical 

qualities, which can be easily achieved via training, may increase performance, yet reduce 

post-match fatigue.  

 

1.4 Aims of the Current Research 

The overall aims of this thesis were to determine the impact of physical contact on transient 

fatigue, residual fatigue, muscle damage, and pacing strategies during training and 

competition. Furthermore, we sought to identify the impact of residual fatigue and muscle 

damage on match activities and whether fatigue is modified by physical qualities. Results 

from this research will provide coaching and support staff with a greater understanding of 

factors that influence fatigue and how the fatigue response to competition can be modified. 

 

1.4.1 Theme 1 Aims 

Based on the gaps in the literature highlighted above, it appears important to determine the 

influence of physical fitness and contact on pacing strategies during small-sided games and 

match-play. Such information will potentially provide coaches with information to prepare 

their own players for the most extreme demands of competition as well as tactics to target 

opposition players. In order to address these questions, we developed a series of studies that 

can be seen in Figure 1.1 under the heading “Theme 1 – Factors influencing pacing strategies 

in rugby league players”. The first study assessed the influence of single, and the second 

study, multiple contact efforts on pacing strategies during small-sided games, and whether 3 

contacts were actually reflective of a repeated high-intensity effort (RHIE) bout. The third 

study sought to determine the relationship between physical qualities and player movements 

during different small-sided games where the volume of contacts was increased across each 

game. Study four examined pacing strategies employed during intensified competition and 

whether this was linked to playing standard and physical fitness. Study 5, which drew upon 
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the pacing theme and the fatigue theme, examined the impact of different RHIE bouts (i.e. 

contact or running dominant bouts) on running intensities during small-sided games. It was 

hypothesised that (1) increasing the contact demands of training games would result in greater 

reductions in running intensity (2) players would adopt different pacing strategies when they 

were required to perform physical contact (3) high-intensity running ability would have a 

reduced influence on running intensities as the contact demands were increased and (4) well-

developed aerobic fitness would result in a higher pacing strategy across an intensified 

competition. Study 4 within this theme is also linked to Theme II within this thesis as it 

investigated the impact of physical qualities on pacing strategies employed during intensified 

competition. 
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Figure 1.1 Schematic overview of the studies that comprised each theme of the thesis. RHIE = 

repeated-high intensity effort.   
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Fatigue and pacing in rugby league players 

Theme 1 

Factors influencing pacing 
strategies 

Study 1 

Influence of physical contact 
on pacing strategies 

Study 2 

Mutliple contact efforts on 
pacing strategies 

Study 3 

Multiple contact and physical 
qualities on pacing strategies 

Study 4 

Physical fitness and playing 
standard on pacing strategies 

during a tournament 

Study 9 

Different RHIE bouts on 
pacing, skill involvements, and 

fatigue 

Theme 2 

Residual fatigue: causes and 
consequences 

Study 5 

Fatigue and performance 
during an intensified 

competition 

Study 6 

Physical contact on fatigue and 
muscle damage 

Study 7 

Physical qualities on post-
match fatigue 

Study 8 

Physical fitness and playing 
standard on fatigue during a 

tournament 

Literature Review 

Applied sport science of rugby 
league 
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1.4.2 Theme 2 Aims 

Based on the previous literature, there were a number of aims within this theme of the thesis. 

The first aim was to determine the fatigue response to intensified competition and explore any 

relationships between fatigue and match activities. This would allow us to determine the 

utility of various fatigue markers for assessing a player’s readiness to train or deliver 

successful match performances. The studies that addressed these aims were studies 1 and 4 

from Theme 2, highlighted in Figure 1.1 under “Theme 2 – Residual fatigue in rugby league 

players: causes and consequences”. Both of these studies tracked match activities and fatigue 

over intensified junior rugby league tournaments to observe the interaction between fatigue 

and match activities. It was hypothesised that (1) markers of fatigue and muscle damage 

would increase and performance would be reduced as the intensified competition progressed; 

and (2) markers of fatigue and muscle damage would be related to these reductions in match 

performance. Given the high frequency of physical contact in rugby league, the second aim 

was to determine the influence of physical contacts on CK, fatigue and running performance 

during game–based activities. Due to the large involvement of the upper body during 

collisions in match-play [11], it was important to quantify the fatigue induced to the upper-

body so that the fatigue response was not underestimated by just examining lower-body 

fatigue. It was hypothesised that physical contact would result in increased upper-body 

neuromuscular fatigue and markers of skeletal muscle damage. The study that primarily 

addresses this question is “Influence of physical contact on neuromuscular fatigue and 

markers of muscle damage following small-sided games” in Theme 2 (Figure 1.1).  Whilst 

this study examines the residual fatigue response to contact, there is a link with studies 1, 2, 

and 3 from Theme I, which investigated the influence of contact on transient fatigue during 

small-sided games. The third aim of this theme was to determine the impact of physical 

qualities on the fatigue response observed following competition. It was hypothesised that 

enhanced physical qualities would lead to increased playing intensities, yet reduced fatigue 

following single games as well as intensified competition. There are two studies within 

Theme II of this thesis that attempted to address this question. The first is entitled “Influence 

of physical qualities on post-match fatigue in rugby league players”; a subsequent study was 

then developed to assess the influence of physical qualities on fatigue during an intensified 

competition, entitled “Influence of playing standard and physical fitness on activity profiles 
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and post-match fatigue during intensified rugby league competition”. The link between these 

studies and the thesis as a whole can be seen in Figure 1.1. 
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Chapter 2 

 

Literature Review: Applied sport science of rugby league 

 

 

This literature review has been accepted for publication following peer review.  Full reference 

details are: 

Johnston RD, Gabbett TJ, and Jenkins DG. Applied sport science of rugby league. Sports 

Med, 2014, 44: 1087-1100.  

 

Since the publication of this paper, there have been some additional papers of note that are 

included within this section of the thesis. As such, the literature review that appears within 

this thesis differs slightly from the one published within Sports Medicine. 
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2.1 Abstract 

Rugby league is a team sport in which players engage in repeated high intensity exercise 

involving frequent collisions. Recent research, much of which involving global positioning 

system (GPS) technology, has provided coaches and sport scientists with a deeper 

understanding of match demands, particularly at the elite level. This has allowed for the 

development of training programs that prepare players for the most intense contact and 

running demands likely to be experienced in competition. At the elite level, rugby league 

players have well-developed aerobic and anaerobic endurance, muscular strength and power, 

reactive agility, and speed. Upper and lower-body strength and aerobic power are associated 

with a broad range of technical and sport-specific skills, in addition to a lower risk of injury. 

Significant muscle damage (as estimated from creatine kinase concentrations) and fatigue 

occurs as a result of match-play; while muscle function and perceptual fatigue generally 

return to baseline 48 hours following competition, increases in plasma concentrations of 

creatine kinase can last for up to 5 days post-match. Well-developed physical qualities may 

minimise post-match fatigue and facilitate recovery. Ultimately, the literature highlights that 

players require a broad range of physical and technical skills developed through specific 

training. This review evaluates the demands of the modern game, drawing on research that 

has used GPS technology. These findings highlight that preparing players based on the 

average demands of competition is likely to leave them underprepared for the most 

demanding passages of play. As such, coaches should incorporate drills that replicate the most 

intense repeated-high intensity demands of competition in order to prepare players for the 

worst-case scenario expected during match-play.  

 

2.2 Rationale  

Rugby league is an intermittent team sport played internationally by junior and senior players 

from elite to non-elite standards. During a match, players perform bouts of high-intensity 

activity (e.g. high-speed running and sprinting) separated by short bouts of lower intensity 

activities (e.g. standing, walking, and jogging) [1-8]. In addition to the numerous bouts of 

high-speed running, players also frequently engage in physically demanding collisions, and 

wrestling bouts [9-11]. For information on the origin and rules of rugby league, readers are 

referred to a previous review [51]. The sport science and physiology of rugby league have 

been reviewed only three times; in 1995 [52], 2005, [53] and 2008, [51]. Since 2008, there 
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have been a number of advancements in sport science technology and global positioning 

system (GPS) microtechnology devices in particular. GPS has been used in the National 

Rugby League (NRL) since 2009 and in the European Super League (ESL) since 2010, 

providing more detailed information regarding the physical demands of the game. There has 

also been an exponential rise in applied rugby league research. In the 5 years since the last 

review (2008), a search of PubMed for the term “rugby league” returned 129 results, 

compared to the 48 results in the 5 years prior to 2008. Furthermore, various rule changes 

since 2008 are likely to have altered the demands of the game and therefore player 

preparation. The NRL and ESL reduced the number of interchanges permitted by each side 

from 12 to 10 in 2008 and 2012, respectively. In 2009, the NRL introduced 2 referees to 

officiate matches; ESL and international games are still officiated by a single referee [2]. 

Quantifying the demands of rugby league match-play is important in developing specific 

training drills to appropriately prepare players for the rigours of competition. Given the large 

body of literature that has been published since the last review, an update on the applied sport 

science literature relating to rugby league will provide practitioners and researchers alike with 

an overview of the game as it presently stands. Data referred to in the text are means ± 

standard deviation unless otherwise stated. 

 

2.3 Physical Demands 

2.3.1 Quantifying Demands 

Much of the research described in the previous rugby league reviews [51-53] involved the 

manual coding of video footage, classifying activities into ‘zones’ based on subjective 

analysis of movements [3, 6, 7, 54]. While this approach is reliable [3, 7], coding is labour-

intensive, which has limited these studies to small sample sizes. Recent developments in GPS 

technology have allowed the movement patterns to be assessed objectively and with greater 

ease, allowing large numbers of players to be monitored during competition. Published 

articles describing the competition demands of rugby league using GPS [2, 4, 5, 8, 15, 16, 26, 

41, 55-65] have extended our understanding of the physical demands of the game. Despite 

these advances, there are some issues regarding the quantification of match demands. Firstly, 

the reliability and validity of GPS devices in measuring movements, particularly short, high-

intensity activities has been questioned, but as the technology (and sampling frequency) has 

developed so too has the accuracy [66]. Secondly, different devices used across studies makes 
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comparisons difficult, and may explain some of the disparities seen [67]. Finally, there is little 

consistency between researchers in the velocity zones used for low-speed (0-1.9, 1-3, 0-2.7, 0-

3.3, and 0-5 m
.
s

-1
), moderate-speed (1.9-3.9, 2.7-5, 3-5, and 3.3-5 m

.
s

-1
), high-speed (3.9-5.8, 

5-5.5, 5-6.1, and 5-7 m
.
s

-1
), and very high-speed/sprinting activity (>5.5, >5.6, >5.8, >6.1, >7 

m
.
s

-1
) [4, 8, 56, 57, 59, 61]. More information on GPS technology can be found in these recent 

reviews [66, 68-70]. 

 

2.3.2 Total Distance 

The physical demands of rugby league competition have been analysed in elite (professional) 

[2, 4, 5, 8, 55, 56, 58, 59, 61, 62, 65, 71], semi-elite (semi-professional) [15, 26, 61, 63, 65], 

non-elite (amateur) [30, 31], and junior players [58, 60, 61, 64] (Table 2.1). Over the course 

of a match, players typically cover 4,000-8,000 m depending on playing position and standard 

[2, 8, 30, 31, 56, 58, 59, 61]. The outside backs cover the greatest distances (~5,500-8,000 m) 

followed by the adjustables (~6,000-7,000 m), and hit-up forwards (~3,500-6,000 m) [2, 8, 

56, 58, 59].  

 

Differences in absolute distance are less clear when expressed relative to playing time (Table 

2.1). There are small differences between positions, with some [8, 56, 58, 61, 62], but not all 

studies [2, 58, 61], suggesting that forwards cover the greatest relative distances. These 

conflicting findings could be related to the style of play of individual teams rather than a 

reflection of the game as a whole. Similar playing intensities can be largely attributed to the 

forwards spending less time on the field than other positions, typically playing 40-50 minutes 

[2, 8, 62]. Elite NRL and ESL players typically cover 90-100 m
.
min

-1
 [2, 5, 8, 58, 61, 62]. On 

average, semi-elite and junior elite players cover lower relative distances than elite players 

(88 m
.
min

-1
 vs. 95 m

.
min

-1
) [15, 58, 61, 64, 72] (Table 2.1); the intensity of non-elite matches 

is lower once again (75-83 m
.
min

-1
) [31, 30, 60]. This could be due to reduced physical [73, 

74] and skill qualities [75] in non-elite players leading to lower work rates, more errors and 

stoppages during competition and reductions in match intensity.  
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Relative distance covered (or match intensity) appears important to the outcome of a match. 

In elite and semi-elite competition, greater relative distances are covered by winning sides 

[55, 15], suggesting that the ability to maintain high work rates is linked to match outcome. It 

is important to recognise that the average match intensity does not highlight the most 

demanding passages of match-play [25, 26, 63, 76, 77]. Preparing players based on these 

average intensities is likely to result in players being underprepared for competition [25, 76]. 

Indeed, when only assessing ball in play time rather than the whole game (including 

stoppages), the match intensity is significantly greater (125 ± 16.1 m
.
min

-1
 vs. 86.7 ± 9.8 

m
.
min

-1
) [26]. In addition, relative distance covered varies depending on field position and 

phase of play. Relative distance is greatest when defending in the 70-100 m zone compared to 

0-30 m zone (117.2 ± 29.1 m
.
min

-1
 vs. 100.4 ± 28.9 m

.
min

-1
; Effect size [ES] = 0.65) [25]. As 

such, coaches should be mindful of these increased demands when prescribing the intensities 

of conditioning drills. Collectively, these data highlight the importance of players maintaining 

high match intensity, as well as possessing the ability to increase intensity at critical periods 

of the match. 
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Table 2.1. Movement demands of rugby league competition across playing standards and positions. 

Study Group Playing 

time (min) 

Distance (m) Distance 

(m
.
min

-1
) 

LSA (m) HSR (m) RHIE bouts 

(no.) 

Austin & Kelly [56] NRL forwards - 5964 ± 696 85 ± 4 4655 ± 568 432 ± 127 - 

NRL backs - 7628 ± 744 86 ± 5 5844 ± 549 749 ± 205 - 

Gabbett et al. [2]  NRL hit-up forwards 38.0 ± 10.8 3569 ± 1177 94 ± 10  3334 ± 1082 235 ± 122 8.0 ± 5.2  

NRL WR forwards 58.5 ± 16.7 5561 ± 1579 96 ± 13 5143 ± 1474 418 ±154 9.9 ± 6.4 

NRL adjustables 64.1 ±23.0 6411 ± 2468 101 ± 19 5974 ± 2299 436 ± 198 8.6 ± 7.7 

NRL outside backs 73.5 ± 14.9 6819 ± 1421 93 ± 13 6235 ± 1325 583 ± 139 8.5 ± 5.4 

Gabbett [58] NRL forwards 50.7 ± 13.1 5129 ± 1652 105 ± 21 4878 ± 1541 251 ± 157 11.9 ± 6.2 

NRL adjustables 74.9 ± 14.6 7834 ± 2207 99 ± 8 7513 ± 2138 320 ± 176 14.3 ± 5.4  

NRL backs 77.8 ± 10.1 7575 ± 850 94 ± 10 7123 ± 830 452 ± 113 14.5 ± 5.4 

McLellan et al. [59] NRL forwards - 4982 ± 1185 - 4664 ± 1165 232 ± 60 - 

NRL backs - 5573 ± 1128 - 4879 ± 1339 440 ± 101 - 

McLellan & Lovell 

[61] 

NRL forwards - 8442 ± 812 98 ± 12 - - - 

NRL backs - 8158 ± 673 101 ± 8 - - - 

Twist et al. [62] NRL forwards 56.7 ± 16.4 4948 ± 1370 88 ± 8 - - - 

NRL adjustables 82.8 ± 8.9 7973 ± 1160 96 ± 8 - - - 

NRL backs 85.8 ± 3.9 7381 ± 518 87 ± 6 - - - 

Varely et al. [41] NRL 64.9 ± 18.8 6276 ±1950 96 ± 16 5950 ± 1845 327 ± 168 11.4 ± 5.9 

Twist et al. [62] ESL forwards 57.9 ± 15.8 5733 ± 1158 102 ± 14 - - - 

ESL adjustables 69.7 ± 23.4 6766 ± 1495 104 ± 27 - - - 

ESL backs 83.9 ± 12.9 7133 ± 1204 86 ± 11 - - - 

Waldron et al. [8] ESL forwards 44.2 ± 19.2 4181 ± 1829 95 ± 7 1723 ± 743 513 ± 298 - 

ESL adjustables 65.2 ± 12.4 6093 ± 1232 94 ± 8 2365 ± 667 907 ± 255 - 

ESL backs 77.5 ± 12.3 6917 ± 1130 89 ± 4 3262 ± 505 926 ± 291 - 

Gabbett [58]  NYC forwards 52.3 ± 25.4 4866 ± 2383 93 ± 9 4641 ± 2315 225 ± 90 7.5 ± 3.5 

NYC adjustables 71.3 ± 14.0 6920 ± 1481 97 ± 10 6562 ± 1297 320 ± 17 6 11.3 ± 6.6 

NYC backs 75.5 ± 15.8 7172 ± 1377 96 ± 11 6767 ± 1262 452 ± 113 8.1 ± 1.4 
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Table 2.1. Continued. 

Study Group Playing 

time (min) 

Distance (m) Distance 

(m
.
min

-1
) 

LSA (m) HSR (m) RHIE bouts 

(no.) 

McLellan & Lovell [61] NYC forwards - 4774 ± 564  82 ± 5 - - - 

NYC backs - 5768 ± 765 74 ± 11 - - - 

Waldron et al. [64] Elite Under-15 players 53.8 ± 12.1 4479 ± 898 84 ± 6 - - - 

 Elite Under-16 players 57.2 ± 12.0 5181 ± 1064 91 ± 5 - - - 

 Elite Under-17 players 73.0 ± 14.7 6392 ± 1239 91 ± 3 - - - 

Gabbett [72] QC top 4 teams 69.3 ± 19.6 5822 ± 1654 86 ± 8 5475 ± 1516 348 ± 186 10.9 ± 5.1 

 QC middle 4 teams 70.2 ± 19.0 5823 ± 1616 85 ± 7 5461 ± 1494 362 ± 193 10.6 ± 5.3 

 QC bottom 4 teams 68.3 ± 18.4 5880 ± 1583 87 ± 7 5547 ± 1481 334 ± 166 11. 4 ± 5.7 

McLellan & Lovell [61] QC forwards - 6701 ± 678 89 ± 8 - - - 

 QC backs  - 7505 ± 627 94 ± 8 - - - 

Duffield et al. [31] Senior non-elite 

players 

74 ± 10 5585 ± 1078 75 ± 14 4923 ± 935 661 ± 225 - 

Johnston et al. [30] Senior non-elite 

players  

68.8 ± 11.2 5919 ± 872 82 ± 7 5562 ± 828 358 ± 125 1.6 ± 1.5 

Gabbett [60]
a
 Junior non-elite 

players 

32.7 ± 8.4 2673 ± 650 83 ± 12 2529 ± 619 144 ± 82 4.5 ± 2.5 

Data are reported as mean ± standard deviation. NRL = National Rugby League (elite); ESL = European Super League (elite); NYC = National 

Youth Competition (junior elite); QC = Queensland Cup (semi-elite). WR = wide-running. HSR = High-speed running; LSA = Low-speed 

activity; RHIE = Repeated-high intensity effort (classified as 3 or more high acceleration, high speed or contact efforts with ≤21 s between 

efforts). 
a
 Games were 40 minutes in duration. 
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2.3.3 High-Speed Running 

Players are required to perform high-intensity activities at critical periods of a match [55, 72, 

76]. Forwards cover the least distance at high speeds (513 ± 298 m) compared with 

adjustables (907 ± 255 m) and outside backs (926 ± 291 m) [8] (Tabl e 2.1). The majority of 

these high-intensity efforts occur over short distances, with 75-95 runs over less than 10 m, 

depending on position, and as few as 1-3 runs over a 50 m distance [5]. Outside backs 

perform significantly more high-speed runs over 10-20 m than props, and over 20-30 m than 

adjustables and props [5]. Like soccer [78], there is variation in high-speed (Coefficient of 

variation [CV] = 14.6%) and very-high speed running (CV = 37.0%) between games [79]. 

However, how much of this variation is due to various match factors, such as opposition, or 

the reliability and validity issues surrounding the GPS devices used is unknown [80]. Despite 

this, it is clear that workloads between players and matches vary; coaches should be mindful 

of this when prescribing training following each game.  

 

There is little difference in the amount of high-speed running performed by winning and 

losing teams [55, 63, 72]. However, it is unclear whether there is a difference in how players 

achieve these distances (e.g. good kick chase in winning teams vs. covering line breaks in 

losing teams). It appears less successful teams are equally equipped to perform high-speed 

running efforts, but perhaps not able to recover as quickly [55, 63]. However, further evidence 

from semi-elite players suggests that when compared to successful teams, less successful 

teams can maintain total distance and high-speed running to a similar extent following peak 5 

min periods [63]. However, whilst these players may be able to maintain running efforts, they 

are unable to maintain collisions and repeated high-intensity effort (RHIE) bouts [63], which 

are particularly important [25, 76] and demanding [9] components of match-play. High-speed 

running during match-play in junior elite players does also not appear to indicate success. 

Waldron et al., [64] reported that during match-play, in the Under-15 and -17 age groups, 

selected players performed less high-speed running per minute of match-play. In Under-16 

players, selected players covered slightly more high-speed running per minute of match-play, 

but the difference was only trivial. In spite of performing greater relative distances at high-

speeds, later maturing players found themselves unselected. The amount of high-speed 

running players perform varies depending on field position  and is 6-8 times higher when 

defending in the opposition’s 30 m zone, compared to the other two-thirds of the field [25]. 



FATIGUE AND PACING 

Chapter 2: Literature Review 

Sport Science of Rugby League 

 

33 

 

Although this evidence suggests that players require the capacity to perform large amounts of 

high-speed running during short periods of match-play and recover at a high relative intensity, 

it is apparent that high-speed running does not clearly discriminate between playing rank. It is 

likely that the ability to perform other, more specific match activities can distinguish between 

successful and less successful players. 

 

2.3.4 Sprinting 

The distribution of sprints is similar to high-speed runs, with almost 40% of sprints performed 

over 6-10 m, and 85% being shorter than 30 m. Furthermore, only 1.4% of sprints are deemed 

high velocity (>7.0 m.s
-1

) with the remainder comprised of low (≤1.11 m.s
-2

), moderate (1.12-

2.77 m.s
-2

), and high (≥2.78 m.s
-2

) acceleration efforts [4]. Players perform a range of 

different activities prior to sprinting, with standing (24.3%), and forward walking (28.1%) 

being the most common [4]. Training acceleration across all positional groups by performing 

short sprints, typically over 0-20 m from a number of starting positions is vital. Longer sprints 

focusing on peak velocity are also important for the outside backs [4, 8].  

 

2.3.5 Repeated High-Intensity Efforts 

Given the frequency of sprints (>7 m
.
s

-1
) performed over a game (35 ± 2 irrespective of 

playing position) [4], it could be thought that repeated-sprint ability (RSA) is an important 

attribute. Research from field hockey reported that the majority of sprints either occurred with 

less than 21 seconds or more than 2 minutes between each sprint [81]. As such, repeated-

sprint bouts are defined as 3 or more sprints with less than 21 seconds between each sprint 

[81]. However, these bouts rarely occur in rugby league competition, with players only 

performing 1 ± 1 (range: 0-3) repeated-sprint bout during a match [4, 6]. This could be due to 

the infrequency of high-velocity sprints [4], as well as the numerous physical collisions that 

players perform over a match [9, 10, 47]. Wide-running forwards perform the greatest number 

of collisions (47 ± 12), followed by hit-up forwards (36 ± 8), adjustables (29 ± 6), and the 

outside backs (24 ± 6) [10]. However, when expressed relative to playing time, the greatest 

frequency of collisions occurs in the hit-up forwards (0.58 per min) [2, 5]. Whilst repeated-

sprint bouts may be important to non-contact sports [81], they are unlikely to reflect the most 

demanding passages of play in contact sports due to the exclusion of other high-intensity 
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activities such as high-speed running, accelerations, and collisions. Indeed, the addition of 

contact to repeated-sprints results in greater reductions in sprint performance [9]. Therefore, 

recognising repeated-sprint bouts as the ‘worst-case’ demands or exclusively training 

repeated-sprint ability is likely to leave players underprepared for the most demanding 

passages of match-play [9, 76]. 

 

Based on these shortfalls, all high-intensity activities (collisions, high-speed running, and 

maximal accelerations) have since been incorporated into repeated-sprint bouts to truly reflect 

the ‘worst-case scenarios’ termed RHIE bouts [2, 4, 76]. More specifically, a RHIE bout, 

adapted from the definition of repeated-sprints [81], is defined as 3 or more maximal 

acceleration, high speed, or contact efforts with less than 21 seconds between each effort [2]. 

Research suggests that in the NRL, players perform in the region of 9-14 RHIE bouts per 

match (Table 2.2) with little difference between positions [2, 4, 55, 58]. RHIE bouts occur 

during important passages of play, suggesting that the ability, or inability, to perform these 

bouts may significantly influence the outcome of a game [55, 76]. The greatest frequency of 

RHIE bouts occurs when players are defending in their 0-30 m zone (ES = 0.75-0.85) [25], 

with 70% of RHIE bouts occurring within 5 minutes of a try being scored [76]. Moreover, 

winning teams perform more RHIE bouts, and more efforts per bout than losing teams [55]. 

At the elite level, the running demands are similar between NRL and National Youth 

Competition (NYC) players, whereas the RHIE demands are greater during NRL competition 

[58]. In addition, elite players are more likely to perform a greater number of efforts per RHIE 

bout and have less recovery between bouts than their semi-elite counterparts [65]. Taken 

together, it appears vital that both senior and junior players are conditioned for the most 

demanding RHIE bouts experienced during match-play.  

 

When it comes to designing RHIE drills for training, it is important to consider the worst-case 

demands of competition. Black & Gabbett [65] reported on the most demanding RHIE bouts 

for elite and semi-elite players. In elite players, the most demanding RHIE bout was 

performed by a hit-up forward and included 13 efforts over 120 seconds (4 tackles 9 

acceleration efforts), with a mean recovery time of 5 seconds between efforts. In semi-elite 

players a wide-running forward performed 8 efforts in a bout over 62 seconds (8 sprints and 
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acceleration efforts) with a mean recovery time of 7 seconds between efforts [65]. This 

research highlights that RHIE bouts are complex in nature and comprised of different 

activities, effort numbers, recovery between efforts, and recovery between bouts. There are a 

number of studies that document the nature of these RHIE bouts [2, 58, 65, 76] which are 

summarised in Table 2.2. This information can be used by conditioning staff to develop 

position specific RHIE drills to replicate the ‘worst-case scenarios’ of competition. 
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Table 2.2. Repeated high-intensity effort demands of NRL competition. † 

 Hit-up forwards Wide-running forwards Adjustables Outside backs 

Total bouts (no.) 8-12 10-12 6-14 5-15 

Maximum bout duration (s) 120 64 92 49 

Mean efforts per bout (no.) 4-6 4-6 4-6 4-6 

Maximum efforts per bout (no.) 13 6 10 7 

Mean effort duration (s) 1.2-2.1 1.2-1.8 0.9-1.6 1.0-1.5 

Maximum effort duration (s) 4.9-6.0 4.9-5.6 3.9-4.7 5.1-5.5 

Effort recovery (s) 6.3-6.4 5.9-6.3 5.9-7.0 5.9-6.3 

Bout frequency 1 every 4.8-7.8 min 1 every 5.5-6.3 min 1 every 5.2-8.0 min 1 every 4.7-9.1 min 

Minimum bout recovery (s) 42 42 55 55 

† Data from Austin et al. [76]; Black & Gabbett [65]; Gabbett [58]; Gabbett et al. [2]. 
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2.3.6 Activity Cycles 

A recent study assessed 5 minute periods of competition in NRL and NYC adjustables [77]. 

During the peak period for total distance, the ball was in play for significantly longer (peak: 

NRL = 251 s, NYC = 241 s; subsequent: NRL = 175 s, NYC = 185 s; mean: NRL = 184 s, 

NYC = 175 s); players covered greater total distance; and had a greater skill rating, compared 

with the subsequent and mean 5 minute periods. While this study provides some information 

on the most demanding 5 minute periods of play in adjustables, only using 5 minute periods 

may not capture, and therefore underestimate the most demanding passages of play. Indeed, 

the longest time the ball is in play for in NRL and NYC matches has been reported as over 11 

minutes [1]. The average longest activity cycle is greater in the NRL (318.3 ± 65.4 s vs. 288.9 

± 57.5 s) and there is a smaller proportion of short duration activity cycles (<45 s) than longer 

activity cycles (>91-600 s) compared with NYC matches[1]. Furthermore, Top 4 NRL teams 

have a greater proportion of long activity cycles than Bottom 4 NRL teams [82], and in the 5 

min period following the peak 5 min period, successful teams have longer ball-in-play cycles 

than less successful teams [63]. Activity cycles of ‘State-of-Origin’ competition between 

Queensland and New South Wales even exceed those of NRL matches, with a greater 

proportion of long duration activity cycles [83]. Collectively, these data highlight the 

importance of performing prolonged high-intensity exercise (> 10 minutes) and the ability to 

recover during short rest periods. 

 

2.3.7 Phase of Play 

The demands of defending are generally higher than attacking with greater total distance (106 

m
.
min

-1 
vs. 82 m

.
min

-1
), low-speed distance (104 m

.
min

-1 
vs. 78 m

.
min

-1
), collision frequency 

(1.9 per min vs. 0.8 per min), and RHIE frequency (1 every 4.9 min vs. 1 every 9.4 min) [25]. 

Moreover, there may be stages when players are required to defend for a number of sets (e.g. 

concede a penalty, or drop-out) at these elevated intensities. Coupled with the fact that fatigue 

causes reductions in tackling technique [84], the ability or inability to maintain these elevated 

match intensities, and minimise reductions in tackling technique, could determine whether a 

try is conceded. Although the demands of attack are lower than defence [25], players are 

required to maintain possession of the ball to create try-scoring opportunities, which may 

occur under high levels of fatigue [77]. Therefore, it is important that players are prepared for 

the most demanding running and contact demands of competition, whilst being able to 
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maintain skill execution in both attack and defence. Given the increased physical demands of 

defence and the large physical cost associated with collisions [9, 47], teams that have 

performed large amounts of defence during a game may require additional recovery following 

competition. The emphasis on recovery may be increased further if the match was won, as 

these matches are associated with greater physical demands [55]. 

 

2.3.8 Pacing and Match Fatigue 

Over the course of a game, players experience transient fatigue [5, 15, 16, 77] and display 

pacing strategies to permit the completion of the game whilst remaining in a reasonable 

physical state [15, 16]. Whilst low-speed activity is maintained over a game, there are 

reductions in high-speed running of 20.0 ± 21.4% and 30.5 ± 20.2% in the final 20 minutes of 

each half [5], indicative of fatigue [85, 86]. Furthermore, adjustables exhibit reductions in 

distance covered and skill involvements in the final 10 minutes of the  match [77]. This 

suggests that fatigue develops over the course of a game and results in reductions in physical 

and technical performance towards the end of each half of match-play. Utilising interchange 

players in the closing minutes of each half may attenuate the decline in match intensity [15, 

16].  

 

Although fatigue may manifest towards the end of each half, players also employ pacing 

strategies depending on their role within the match (whole-match vs. interchange players) [15, 

16]. Whole-match players only show reductions in high-speed running in the final quarter 

(~21%) [16], which is in accordance with others [5], highlighting the gradual onset of fatigue. 

Furthermore, whole-match players appear to employ a pacing strategy to manage energy 

expenditure so they can adequately complete game tasks, yet finish the match in a reasonable 

physical state. On the other hand, interchange players initially pace at a higher intensity than 

whole-match players [15, 16]. Waldron et al. [16] found that during the first interchange bout, 

players were able to maintain a greater match intensity than whole-match players for 

approximately 15 minutes. However, during their second bout, interchange players paced at a 

similar intensity to whole-match players so they maintain enough energy to produce an ‘end-

spurt’ in the final minutes of the match [16]. Interchange players appear to cover greater 

distance per minute and greater distances at low speeds, as well as greater RHIE bout 
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frequency than whole-match players [15]. Collectively these data highlight that pacing occurs 

during rugby league match-play and interchange players set higher pacing strategies than 

whole-match players. If the aim of the interchange is to increase match-intensity, coaches 

should acknowledge that the interchange player may only be effective for the first 15 minutes 

(depending on their individual physical capacity and the nature of the game) [16]. Despite 

this, more research is required in order to ascertain whether interchange players set different 

pacing strategies depending on the length of time they are likely to be on the field. 

 

Pacing strategies also differ depending on match outcome for both whole-match and 

interchange players [15]. Whole-match players in winning teams maintain greater match 

intensity and cover greater distances at low-speeds compared to players on losing teams [15], 

which is in accordance with others [55]. There is no difference in interchange players’ match 

intensity between winning or losing teams, except for the final quarter, where losing players 

produce an ‘end-spurt’, most likely in an attempt to force a positive result for their team [15]. 

These studies [15, 16] highlight that match demands differ between whole-match and 

interchange players, as well as winning and losing teams. Therefore, when conditioning 

interchange players a greater emphasis can be placed on short, high-intensity exercise bouts. 

More information is required as to the effect physical qualities have on pacing strategies in 

rugby league players.  

 

2.4 Physiological Responses during Match-Play 

Since the previous review [51], the internal load during competition has been assessed using 

heart rate [8, 16, 64]. Elite players show average heart rates similar to those from semi-elite 

players [87], with little difference between the backs (83.5 ± 1.9%), adjustables (81.5 ± 

4.1%), and forwards (84.1 ± 8.2%) [8]. Heart rate responses of elite Under-16 and -17 players 

are also similar to those reported for senior players (82.1-83.2%), with slightly lower 

responses in Under-15 players (78.8-79.7%) [64]. Average heart rate is reduced in elite 

players in the second half which is likely to be explained by second-half reductions in playing 

intensity [16]. Although the relative intensity of a match appears to be similar between 

positional groups, the internal load, highlighted by training impulse is greater in the outside 

backs (279.4 ± 71.8 Arbitrary Units [AU]) than the forwards (198.3 ± 82.3 AU), but not 
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different to the adjustables (270.6 ± 63.5 AU) [8]. Whilst greater playing times experienced 

by the adjustables and outside backs could explain these differences [8], greater overall and 

high-speed running distances also heavily influence the rating of perceived exertion (RPE) 

[88].  

 

2.5 Physical Qualities 

Based on the complex demands of the game, players require a broad range of physical 

qualities [89, 90]; normative data are highlighted in Tables 2.3 and 2.4. 

 

2.5.1 Body Composition 

Due to the physical contact during a match, body mass and in particular lean mass are 

important (Table 2.3) [91]. Forwards are heavier, and have greater skinfold thickness than 

other positional groups [90, 92-95]. Recent studies report no difference in body mass between 

elite and semi-elite players [23, 96] but lower skinfold thickness as playing standard increases 

[96, 91, 97, 23, 98], indicating greater lean mass in elite players. Low skinfold thickness is 

one of the most important discriminators between national and regional junior [91], and 

selected and non-selected senior elite players [23]. Furthermore, low skinfold thickness is 

associated with improved vertical jump (r = -0.345), 30 m sprint (r = 0.417), 505 agility (r = 

0.391), maximal aerobic power (V̇O2 max) (r = -0.464) [99], and career progression [100]; 

conversely, high skinfold thickness is associated with fewer playing minutes in elite players 

[23]. These data indicate that whilst high body mass is important, low body fat is vital so that 

performance is not compromised. This should be developed from an early age in order to 

improve performance, as well as the wellbeing of players who may not continue to play the 

game at a senior level. With appropriate training and nutrition, players can expect to see gains 

in body mass and reductions in fat mass during the pre-season [94], however these gains may 

be difficult to maintain over the competitive period [101, 102], which may be explained by 

reduced training load during this time [103].    
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Table 2.3. Anthropometric characteristics of rugby league players by playing standard. † 

Playing standard Height (cm) Body mass (kg) ∑ 7 Skinfolds (mm) 

Senior elite [23, 96, 104] 183.9-184.2 94-97.6 47.0-60.8 

Senior semi-elite [24, 96] 183.1 93.4-98.0 65.3 

Senior non-elite [75, 105] 174.0-180.1 78.0-92.2 83.2-90.7 

Junior elite [73, 90, 91, 95, 98, 100, 106, 107] 171.0-182.0 75.2-95.1 64.3-68.5 

Junior non-elite [73, 91, 97, 98] 169.6-176.0 69.7-76.3 75.1-76.4 

† Data are presented as means; ∑ = sum of. 

Table 2.4. Physical performance standards of rugby league players by playing position and standard. † 

Playing standard Yo-Yo IRT (m) 

Predicted V̇O2max 

(ml
.
kg

-1.
min

-1
) 

10 m sprint 

(s) 

40 m sprint 

(s) 

505 agility 

(s) 

Squat 

1RM 

(kg) 

Bench 

1RM 

(kg) 

VJ 

(cm) 

SJ peak 

power (W) 

BT peak 

power (W) 

Senior elite 1656-1789 54.9-55.9 1.60-1.78 5.19-5.32 2.20-2.26 171-201 125-143 37-65 1709-2227 341-635 

Senior semi-elite 1506-1564 51.9-53.2 1.60-1.74 5.13-5.29 2.27-2.32 150-155 111-144 61-69 1701 515-694 

Senior non-elite 1080 45.0-47.6 1.82-2.19 5.69-6.14 2.34-2.69 145 105-134 41-62 - 506 

Junior elite 1440-1488 46.4-51.7 1.61-2.06 5.15-5.83 2.30-2.47 133-145 101-133 44-53 1897 - 

Junior non-elite 1340 32.1-50.6 1.79-1.95 5.52-5.93 2.31-2.54 145 70-115 43-58 1315-1552 255-554 

† Data are presented as means; IRT = intermittent recovery test (level 1); 1RM = 1 repetition maximum; SJ = Squat Jump; BT = Bench Throw Data taken from 

[23, 24, 73, 75, 90-93, 100, 97, 96, 106, 104, 108-126]. 
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2.5.2 Speed and Acceleration 

The majority of sprints performed during competition are over short distances (e.g. 0-20 m), 

as such, acceleration is a key attribute [4]. Acceleration is particularly important for forwards, 

who have the greatest proportion of short sprints [4]. Older studies (pre-2008) indicate no 

difference in speed qualities between standards [75, 93, 119], whereas more recent reports 

(post-2008) find elite players to be faster [23, 91, 96, 97], which may be due to advancements 

in the training methods of elite players (Table 2.4). Furthermore, 20 m sprint speed is an 

important discriminator between national and regional junior players [91] and between junior 

players who progress to elite and amateur levels [100]. Backs are significantly faster than 

forwards, especially over longer sprints [90, 108]. Developing speed, and in particular 

acceleration, from an early age should be a priority. 

2.5.3 Agility 

The ability to change direction at speed in rugby league is thought to be important [4, 109]. 

Despite this, there appears to be little difference in pre-planned change of direction speed 

performance between senior playing standards  [93, 96, 109, 127], or positions [128]. 

However, in juniors, national players outperform regional players on the 505 agility test [91] 

and agility may influence long-term career progression [100]. In juniors, props are 

significantly slower than the other positional groups [99]. Although pre-planned agility is 

unable to distinguish between playing standard and position in senior players, when players 

are required to change direction in response to a sport-specific stimuli (i.e. reactive agility), 

there are clear differences [109, 127, 129]. Reactive agility performance is poorly correlated 

with 505 or L-run agility test performance [109]. This suggests that factors other than change 

of direction speed (e.g. visual scanning, anticipation, pattern recognition, and situation 

experience) influence reactive agility performance and that they are distinct and separate 

qualities. With this in mind, it may be important for junior players to first master the ability to 

change direction and the specific movement skills required; as they develop, they need to be 

able to make decisions and change direction in response to specific stimuli (i.e. reactive 

agility). 
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2.5.4 Muscular Strength and Power 

As discussed in a recent review paper [130], muscular strength and power are vital for success 

in contact sports. Upper and lower-body maximal strength and power have consistently been 

shown to increase with playing standard [23, 73, 118-121, 131, 132]. Muscular strength has 

been most commonly assessed with the back squat for the lower-body, and bench press for the 

upper-body, either testing 1 repetition maximum (RM) [116, 133-135] or 3RM [24, 115, 122]. 

Elite players have a 1RM back squat ranging from 170-201 kg (relative strength: 1.78-2.05 

kg
.
kg

-1
) [116, 119] compared to 150 kg (1.64 kg

.
kg

-1
) for semi-elite players [119]. 

Furthermore, 3RM squat was significantly greater in selected semi-elite players, compared 

with non-selected players [24]. Muscular power is typically assessed in the lower-body via 

vertical jump height [23, 73-75, 93, 96, 98, 113, 114, 117, 128] or peak power from jump 

squats [117, 119, 120, 122, 131] and bench throws for the upper-body [120-122, 131]. Some 

studies report increases in vertical jump height with playing standard [23, 98, 114], whereas 

others do not [75, 96, 113]. Despite this, jump squat and bench throw peak power consistently 

increases with playing standard [117, 119, 121, 122, 131]. Forwards tend to be stronger and 

more powerful than the backs in absolute terms, but not when expressed relative to body mass 

[117]. Baker and colleagues reported that stronger players produce greater power outputs 

during the bench throw [121], and strength is associated with power production [122]. 

Increasing lower-body strength via multi-joint exercises (e.g. back squat) appears to translate 

into improvements in sprint speed over 0-20 m [116] and jump squat performance [136]. This 

is not surprising given that power is the product of force and velocity, and if force generating 

potential increases, then so will power. Despite this, low strength individuals still possess the 

ability to improve power, highlighting that adaptations other than maximum strength are 

important for improving power [136, 137]. With this in mind, specific programmes need to be 

implemented using multi-joint exercises to maximise gains in strength and power.  

 

2.5.6 Aerobic Power 

Given the duration of a rugby league match, the distances covered at low-speeds [2], and the 

need for rapid recovery following high-intensity exercise [138], it would be expected that 

well-developed aerobic power is important for performance. In accordance with the previous 

review [51], senior elite players have well-developed V̇O2 max in the range of 54.9-55.9 

ml.kg
-1

.min
-1

 [23, 104] with little difference between positions [74, 93, 128], and increasing 
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with playing standard [23]. Despite this, V̇O2 max does not relate to any measure of match 

performance [28, 104, 124], which questions the utility of assessing V̇O2 max in an applied 

setting. However, in junior players, V̇O2 max is the strongest discriminator between playing 

rank [91], and is greater in players that progress to professional levels [100]. This suggests, 

that a well-developed aerobic capacity is vital at a young age, before developing more specific 

qualities, such as high-intensity running and RHIE ability, that appear more important for 

performance [28]. 

 

2.5.7 High-Intensity Running Ability 

There are passages in play where players are required to perform large amounts of high-speed 

running in a short period of time [25, 77]. As such, well-developed high-intensity running 

ability is required in order to compete during these periods. Methods for testing this quality 

are inconsistent; some studies have used the Yo-Yo Intermittent Recovery Test [24, 110, 

139], while others have used a prolonged high-intensity running ability test [23, 28, 104]. 

Gabbett and colleagues reported no difference in prolonged high-intensity running ability, and 

RSA between starters, interchange, and non-selected players [23]. Atkins et al. [110] found no 

difference in Yo-Yo intermittent recovery test (IRT) (Level 1) distance between elite (1656 ± 

403 m) and semi-elite players (1564 ± 415 m). In contrast, distance covered on the Yo-Yo 

IRT (Level 1) was greater in selected (1506 ± 338 m) compared with non-selected (1080 ± 

243 m) semi-elite players [24]. In addition, greater high-intensity running ability is associated 

with greater playing minutes (r = 0.32) [23], as well as greater total and high-speed distance 

[28]. Whilst high-intensity running ability is a key attribute, the lack of differences between 

playing standard may reflect that these measures of anaerobic endurance fail to incorporate 

any form of contact, and therefore do not adequately replicate the demands placed on players. 

Indeed, the lack of association between aerobic fitness (Yo-Yo IRT and multi-stage fitness 

test) and RHIE performance highlights this point [24, 126, 140]. As such, two attempts has 

been made to develop a specific RHIE test [126, 140]. Although the test developed by Austin 

[140] detected changes in RHIE performance, sprint time was the only dependent variable 

used, and did not take into account changes in tackle technique during the test. As such, 

Gabbett and Wheeler [126] developed a test that in addition to sprint time measured 2D 

PlayerLoad™ (to highlight the non-running, contact component of the test). They found that 

this test was valid as it discriminated between first and second grade players [126], although it 
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was not determined whether players that perform well on this test perform more RHIE bouts 

during match-play. It was also reported that players with greater initial speed had a higher 

average speed over the sprints on the test, and players with greater maximum repetition 

triceps dips maintained a higher overall 2D PlayerLoad™. This suggests that acceleration and 

upper-body strength endurance may positively affect RHIE ability. Despite this, given the 

complex nature of RHIE bouts, and the poor association with a number of physical qualities 

[24, 126] it is likely that a number of qualities share small associations with RHIE ability. 

Although future research is required, it could be speculated that in order effectively develop 

this unique ability, players need to engage in regular RHIE specific training that replicates the 

worst-case scenarios of competition. 

 

2.5.8 Technical Skills 

It is clear that technical skills are also vital for successful rugby league performance with elite 

players having superior tackling technique [23, 141], dual-task draw and pass proficiency [23, 

142, 143], and anticipatory skill [73]. Furthermore, better tackling technique results in fewer 

missed (r = -0.74) and more dominant tackles (r = 0.78) during competition [141]. Despite 

this, the reliability of technical assessments, at least in junior players, has been questioned; it 

is important that when assessing a squad, the same expert assessor is used for all players 

[144]. Draw and pass performance (single-task) does not distinguish players of different 

standard, whereas, under dual-task conditions, elite players are better able to maintain 

performance [142, 143]. These findings suggest that the attentional demands of performing a 

successful draw and pass are lower (or alternatively, the skill is more automated) in elite 

performers. Therefore, when these players are faced with this situation in a match, under 

pressure and fatigue, they are more likely to deliver a successful outcome. Indeed, greater off-

field performance on these tasks is associated with a greater number of try assists, line break 

assists, fewer missed tackles, and more dominant tackles [104, 141]. As such, it is important 

for players to improve skills under single- and dual-task conditions. Fatigue also appears to 

impact on skill performance, with technical performance being reduced following the 5 

minute peak periods of NRL and NYC matches in the adjustables positional group [77]. 

Given that success in a game is governed by the number of tries scored or conceded, 

improving match-specific skills through training in both fatigued and non-fatigued states is 

likely to transfer to improvements of these skills during match-play. 
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2.6 Physical Qualities, Performance and Injury 

Given the demanding nature of competition, it is not surprising that physical qualities 

influence match performance [104]. Sprint performance over 40 m is associated with evasive 

skills, such as beating a player (r = -0.48), offloading (r = -0.45) [75], and tackles completed 

during match-play (r = 0.44) [104]. Force generated over a 10 m sprint is positively associated 

with successful ball carries in junior players [124]. Initial acceleration is associated with 

improved average speeds on a RHIE drill (r = 0.75) [126]. Reactive agility is associated with 

evasive skills and line break assists (r = 0.29) [104, 75]. Lower-body relative power is 

associated with sprint performance over 5, 10, and 30 m [115] and dominant tackles during 

match-play (r = 0.27) [104]. Lower-body strength appears vital for performance, with a 

greater 3 RM squat leading to greater distances covered at both low and high speeds, as well 

as a greater number of RHIE bouts during match-play [24, 139]. It is likely that strong players 

are better able to utilise the stretch-shortening cycle [49], resulting in less neuromuscular 

fatigue [50] when moving at high-speeds or effecting tackles, allowing them to execute these 

high-intensity activities more frequently [139]. Improving back squat strength appears to 

translate into improvements in sprint performance, particularly over 5 m where large forces 

are required during initial acceleration [116]. Based on this information, developing speed, 

agility and lower-body strength and power in rugby league players is vital for successful 

performances. 

 

Given the high frequency, tackling is arguably one of the most important skills required of 

rugby league players. The greatest predictors of tackling technique in high-performance 

players are playing experience (ES = 1.59; r = 0.70) and lower-body power (ES = 0.49; r = 

0.38) [96]. In addition, skinfold thickness (ES = 1.30 to 1.81; r = -0.59 to -0.68), and 

acceleration (ES = 0.82 to 2.30; r = 0.41 to 0.60) are also associated with tackling technique 

[96, 111]. Whilst playing experience is likely to directly improve tackling technique, greater 

acceleration, lean mass, and lower-body power could allow a player to generate more force in 

the tackle, potentially leading to more dominant tackles [141]. Well-developed agility (r = 

0.68) and aerobic power (r = -0.63) are associated with smaller, fatigue induced decrements in 

tackling technique [84]. This is likely to reduce the number of ineffective tackles in a match, 

particularly in the final stages of each half when fatigue is evident [16]. 
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As highlighted earlier, the ability to perform repeated-efforts is vital for performance [25, 55, 

76]. Players with well-developed prolonged high-intensity running ability spend more time on 

the pitch, and cover greater total distances at both low- and high-speeds [28], and recover 

faster following match-play [139]. However, players with poor prolonged high-intensity 

running ability perform more collisions, and RHIE bouts [28]. This highlights that while high-

intensity running ability is vital for running performance and minimising post-match fatigue 

[139], it does not translate to RHIE performance where the ability to perform contact efforts is 

vital. As such, it is clear that while running ability needs to be developed, specific contact and 

running drills must also be incorporated into training.  

 

Skill qualities do not appear to influence injury risk [145], whereas a number of physical 

qualities do [146, 147]. Faster 10 and 40 m sprint times, greater maximal aerobic power, high-

intensity running ability, body mass, and upper-body strength are all associated with lower 

injury risk [146, 147]. Although speculative, there are numerous factors that could explain 

these relationships. Firstly, contact injuries are the most common type of injury sustained in 

rugby league [148, 149]. Therefore, light players will produce less momentum when carrying 

the ball into the defensive line and slow  players are more likely to be tackled than faster 

players [75], both of which are likely to increase injury risk. Secondly, players with lower 

aerobic power are likely to exhibit greater decrements in tackling technique [84], which in 

turn could increase contact injury risk. Thirdly, players with greater upper-body strength are 

more likely to ‘win’ the tackle in both attack and defence, potentially minimising injury risk. 

A broad range of physical qualities, such as speed, strength, and aerobic power need to be 

developed to minimise injury risk. 

 

2.7 Post-Match Fatigue 

Players experience immediate and delayed symptoms of fatigue that persist for a number of 

days following match-play. Studies have reported impairments in whole body neuromuscular 

function [27, 30-34]; increases in markers of skeletal muscle damage [27, 30, 34-36, 139], and 

reductions in perceived wellbeing [27, 30, 32] following rugby league matches. Due to the 
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recovery time between matches, typically 5-10 days, coaching staff need to be mindful of the 

recovery time course in order to prepare optimally for the subsequent match.  

 

The majority of studies quantifying post-match fatigue in rugby league players have utilised 

the countermovement jump (CMJ) to detect impairments in neuromuscular function [27, 30-

34, 150, 139]. Following competition there are transient reductions in neuromuscular function 

typically lasting 24-48 hours, evidenced by decreases in peak power and jump height [27, 33, 

34]. Peak force appears less sensitive at detecting fatigue, showing little change following 

both single games [34] and an intensified competition [30] As such, lower-body fatigue 

variables including a velocity component, such as peak power offer high reliability and 

sensitivity for detecting changes in neuromuscular function [151]. Training aimed at 

developing speed and power qualities should be avoided for 48 hours after competition.  

 

There is evidence that upper-body muscle fatigue occurs following matches [30, 139]. 

Plyometric push-ups have been shown to offer good reliability in rugby league players [47]. 

Various studies have shown reductions in power and force following competition [30, 139, 

150] and small-sided games [47]. Furthermore, upper-body fatigue is only evident following 

physical contact [47]. These findings indicate that physical contact is largely responsible for 

upper-body fatigue following training and competition; assessing lower-body fatigue alone 

may underestimate the fatigue response.  

 

The most effective way to determine fatigue is to utilise direct tests of muscle function. 

Despite this, numerous studies have utilised blood or plasma creatine kinase (CK) as an 

indirect marker of muscle damage in an attempt to understand the underlying physiological 

mechanisms [27, 30, 34-36, 139]. Under normal, homeostatic conditions, CK is located within 

the myofibrils [152]; exercise induces varying degrees of mechanical muscle damage [153] 

which is thought to cause the release of intracellular components, including CK, into the 

extracellular fluid [154, 155]. Current evidence highlights CK is elevated immediately post-

match, with a peak at around 24 hours after competition [27, 34-36], and may remain elevated 

for up to 120 hours following competition [34, 35], long after neuromuscular function has 
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recovered [33, 35]. Physical collisions appear to be largely responsible for these increases in 

CK, with strong correlations between increases in CK and the number of collisions performed 

[27, 36]. Furthermore, larger increases in CK were seen following small-sided games 

involving contact, compared with non-contact small-sided games [47]. Although CK is 

widely used as a marker of muscle damage, its utility has often been questioned [156, 157]. 

However, recent research from rugby league [30, 150] and Australian football [40] suggests 

that high blood CK, indicative of muscle damage, is associated with reductions in match 

performance. In spite of this, regular assessment of CK with players is difficult, given the 

cost, time, variability in responses, and invasive nature of the tasks [158]. More information 

regarding monitoring fatigue in rugby league can be found in this review [158]. 

 

2.8 Conclusions 

The aim of this article was to offer a comprehensive and updated review of the literature 

regarding applied sport science in rugby league. There are now numerous studies that 

highlight the demands of the game in great detail from elite to non-elite competitions, 

indicating that as playing standard increases so too do the demands of the game, and in 

particular the RHIE demands. Winning in rugby league is associated with significantly greater 

match intensities, and repeated-effort demands. Lower-body strength and power, as well as 

speed are positively associated with match performance and match-specific skills. High-

intensity running ability is related to greater running performance during competition, but not 

RHIE performance. As such, players need to train specifically to replicate the most extreme 

RHIE demands of competition. As well as physical qualities, a number of technical skills also 

impact on successful tackles, line break assists, and try assists.  

 

Significant fatigue and muscle damage occurs following matches. Reductions in muscle 

function and perceptual fatigue typically return to baseline within 48 hours of competition, 

although CK can remain elevated for up to 5 days. Well-developed high-intensity running 

ability and lower-body strength may reduce post-match fatigue. Markers of fatigue are 

exacerbated during periods of intense competition. Physical contact is largely responsible for 

increases in CK and upper-body fatigue. Increased blood CK prior to competition is 

associated with reductions in high-speed running and RHIE bouts. As such, players need to 
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have well-developed physical qualities and allow sufficient time for recovery between games 

in order to maintain playing performances.  

 

It is clear that in rugby league, physical and technical qualities are closely linked to successful 

performances. In junior players, low skinfolds, V̇O2 max, agility and speed appear the most 

important physical qualities, and have a strong association with long-term career progression. 

In senior players, muscular strength and power, low skinfolds, high-intensity running ability, 

reactive agility, and acceleration are vital to performance. Tackling technique and dual-task 

draw and pass ability appear the most important technical skills. Ultimately, these data 

highlight the need for specific training that aims to develop both physical and technical 

qualities. 
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Chapter 3 

 

Reliability of Dependent Variables 
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3.1 Introduction 

Test-retest reliability refers to the reproducibility of an observed score when the trial is 

repeated on an individual. The reliability in the test is often referred to as error or ‘noise’; 

smaller error highlights a more precise test, making it easier to detect meaningful changes in a 

variable [159]. It is important to determine both the within- and between-day retest reliability 

because often changes in a certain variable may be assessed a number of times in one day or a 

number of times over different days.  

 

There are a number of different statistical approaches that can be used to determine reliability 

of a measure. In this thesis, the typical error of measurement (TE) as a coefficient of variation, 

as well as intraclass correlation coefficients (ICC) were used. Firstly, the TE represents the 

standard deviation of an individual’s repeated measurements. This is important because it is a 

measure of the within-subject variation, which allows us to determine how precise a measure 

is, and therefore the size of change needed to be determined practically important. Secondly, 

whilst the ICC does not give any indication of the magnitude of error in the test, it tells us 

whether the rank order is maintained within a group following repeated trials [159]. This is 

important when scientists assess changes in performance within a group of individuals.   

 

The dependent variables used in this thesis were largely similar between studies. The within- 

and between-day retest reliability is reported within this chapter for both within- subject 

reliability (TE) and the between-subject reliability (ICC). Determining the reliability of the 

dependent variables was important in order to ascertain whether any changes in these 

variables were meaningful rather than ‘noise’ in the variable. 

 

3.2 Methods 

3.2.1 Countermovement Jump 

In each study, the countermovement jump (CMJ) was used to measure lower body muscle 

function. The same Kistler 9290AD Force Platform (Kistler, USA) connected to a laptop 

(Acer Aspire 2930, Acer, UK) running software provided by the manufacturer (QuattroJump, 

Kistler, USA) was used during the thesis. In order to determine the within-day retest 
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reliability of the CMJ, 41 semi-professional rugby league players (age 24.2 ± 3.4 years; height 

182.7 ± 8.2 cm; body mass 95 ± 10.7 kg) performed two jumps on the force platform 

separated by 3-5 minutes rest. When assessing between-day retest reliability, 13 rugby league 

players (age 19.3 ± 0.6 years; height 181.6 ± 5.4 cm; body mass 88.8 ± 9.8 kg) performed one 

jump on two occasions, 7 days apart. Both jumps were performed at the same time of day and 

followed 24 hours of inactivity leading up to a game. Prior to each jump, players performed a 

standardised warm-up involving dynamic stretches of the lower musculature followed by 2-3 

submaximal jumps. Following the warm-up, players were instructed to keep their hands on 

hips for the entire jump, and to jump as high as possible. As reported previously, players 

received no instruction as to the depth of the countermovement performed prior to the 

concentric phase of the jump [30]. Peak power was the primary variable used in this thesis 

when assessing lower body muscle function. 

 

3.2.2 Plyometric Push-up 

A plyometric push-up (PP) on the same force platform as the CMJ was used to measure upper 

body muscle function. In order to determine the within-day retest reliability of the PP, 16 

rugby league players (age 18.9 ± 0.6 years; height 182.3 ± 8.5 cm; body mass 93.7 ± 10.0 kg) 

performed two jumps on the force platform separated by 3-5 minutes rest. When assessing 

between-day retest reliability, 13 rugby league players (age 19.3 ± 0.6 years; height 181.6 ± 

5.4 cm; body mass 88.8 ± 9.8 kg) performed one PP on two occasions, 7 days apart. Both PP 

were performed at the same time of day and followed 24 hours of inactivity leading up to a 

game. Prior to each PP, players performed a standardised warm-up involving dynamic 

stretches of the upper body musculature followed by 2-3 submaximal push-ups. For the PP, 

players were instructed to start in a push-up position with their hands on the force platform in 

a self-selected position, and arms extended. On the experimenter’s signal, players were 

required to lower their body by flexing their elbows to a self-selected depth before extending 

the elbows as fast as possible so that their hands left the platform [30]. Peak power was the 

primary variable used in this thesis when assessing lower body muscle function. 

 

3.3.3 Creatine Kinase 

Blood creatine kinase (CK) was assessed as an indirect marker of muscle damage throughout 

the thesis. Eleven rugby league players (age 19.2 ± 0.4 years; height 182.3 ± 6.1 cm; body 
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mass 86.9 ± 8.7 kg) provided two fingertip blood samples on separate fingers. Each blood 

sample was separated by 3-5 minutes. When assessing between-day retest reliability, the same 

11 rugby league players provided two blood samples, 7 days apart. Both blood samples were 

collected at the same time of day and followed 24 hours of inactivity leading up to a game. 

After pre-warming of the hand, a 30 μl sample of blood was taken from a fingertip and 

analysed using a colorimetric assay procedure (Reflotron, Boehringer Mannheim, Germany). 

Before each testing session, the instrument was calibrated in accordance with manufacturer 

recommendations.  

 

3.3.4 Perceptual Wellbeing 

Perceived wellbeing was assessed by the experimenter asking players to rate feelings of 

fatigue (very fresh, fresh, normal, more tired than normal, always tired); lower- and upper-

body muscle soreness (great, good, normal, sore/tight, very sore); sleep quality (perfect, good, 

difficulty falling asleep, restless sleep, insomnia); mood (very positive, good, little interest in 

others, snappy at others, very annoyed); and stress (very relaxed, relaxed, normal, feeling 

stressed, very stressed) on 0-5 Likert scales, with the individual scores summated to give an 

overall wellbeing score. The retest reliability for the perceptual wellbeing questionnaire was 

determined by having 12 rugby league players (age 19.2 ± 0.5 years; height 182.5 ± 5.2 cm; 

body mass 89 ± 7.7 kg) complete the questionnaire on two occasions separated by 7 days 

following 36 hours of no physical activity. 

 

3.3.5 Global Positioning System Microtechnology 

The GPS units used in this thesis sampled at 10 Hz (Team S4, Catapult Sports, VIC, 

Australia) and included a tri-axial accelerometer and gyroscope sampling at 100 Hz to provide 

information on collisions. Whilst the reliability and validity of these units was not examined 

in this thesis, there are numerous studies that have examined the reliability and validity of 

these GPS units. These studies have assessed the reliability and validity of these units during 

tasks that are commonplace in rugby league such as walking [160], sprinting [160-162], 

directional changes [163], and tackling [164].  
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3.4 Results 

The reliability of each variable is expressed in Table 3.1. All of the variables show similar 

levels of within- and between-day reliability in the region of 3.0-3.9% with the exception of 

between-day blood CK which was 12.2%. Given the large magnitude of change in blood CK 

following rugby league match-play (often in the region of 200% increase and greater), this 

still clearly provides a reasonably sensitive measure for detecting any changes in blood CK. 

The other variables also show small TE values suggesting that they are sensitive for detecting 

changes in performance. 

 

Table 3.1. The retest reliability of dependent variables. † 

Measure 

Typical Error of 

Measurement (%) 

Intraclass Correlation 

Coefficient (r) 

CMJ peak power within-day 3.9 0.918 

CMJ peak power between-day 3.5 0.812 

PP peak power within-day 3.1 0.969 

PP peak power between-day 3.8 0.965 

Blood CK within-day 3.3 0.995 

Blood CK between-day 12.2 0.864 

Perceptual wellbeing between-day 3.0 0.953 

† CMJ = countermovement jump; PP = plyometric push-up; CK = creatine kinase 

 

The reliability of the MinimaxX S4 units for sprinting and walking are reported in Table 3.2 

below. All of these studies suggest that these units have good to moderate reliability at 

assessing sprinting over a range of distances in a linear direction. It is important to note that 

the reliability of these units is likely reduced when short, accelerative, multi-directional 

movements are performed that are commonplace in rugby league match-play [165]. In 

addition, these units can reliably detect collisions which is a vital aspect of rugby league 

training and competition that needs to be quantified. With regards the accuracy of these units, 

as the intensity of the movement increases and the distance decreases, so too does the validity 

of the measurement [163]. Despite this, there is no significant difference from criterion 

measures when assessing short, multi-directional accelerative sprints, over distances as small 
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as 2 m [163]. Albeit small, these units do consistently underestimate true distances covered 

compared with criterion values. Practitioners should be mindful of this when analysing the 

results from GPS units. In addition to monitoring movements via GPS, the units also house an 

accelerometer sampling at 100 Hz to provide information on collisions and PlayerLoad (the 

square root of the sum of accelerations in each plane of movement) [166]. One study by 

Gabbett et al., [164] determined the validity of MinimaxX units for detecting the number of 

collisions in which players were involved. They reported no significant difference in the 

number of mild, moderate, and heavy collisions detected from the MinimaxX units and video 

recordings. Furthermore a correlation of r = 0.96 was reported between the MinimaxX 

detection of collisions and those from video recordings. As such, the units used in this study 

appear valid for quantifying the contact demands of training and competition. The same 

intensity bands used by Gabbett et al., [10] assigned to mild, moderate, and heavy collisions 

was used in this thesis. As well as monitoring collisions, MinimaxX units can provide a 

global measure of training load, termed “PlayerLoad”. Boyd et al., [166] reported high levels 

of reliability for within- (TE = 0.91 to 1.05%) and between-devices (TE = 1.02 to 1.04%) in a 

laboratory setting as well as a TE of 1.9% in a field setting. As such, PlayerLoad appears to 

provide a reliable global measure of training load that differentiates between playing standard 

and position [167]. 
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Table 3.2. Reliability and validity of MinimaxX S4 10 Hz GPS units for quantifying movements. † 

Study Movement Distance TE Bias SEE 

Varley et al. [160] Sprinting < 100 m 2% -0.2% N/A 

Varley et al. [160] Walking < 100 m 5.3% 0.6% N/A 

Castellano et al. [161] Sprinting 15 m 

30 m 

1.5% 

1.0% 

N/A N/A 

Pyne et al. [162] Sprinting 10-40 m 3.8-11.7% N/A 6.2-13.9% 

† TE = Typical error of measurement; SEE = Standard error of the estimate 
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3.5 Conclusions  

The dependent variables used in this thesis offer good reproducibility making them sensitive 

for detecting changes in performance. In addition, the GPS units offer suitable reliability and 

accuracy for monitoring activity profiles in rugby league training and competition, despite a 

likely underestimation of distances covered. The accuracy of these units appears to increase as 

sprinting distance increases. It is also important to note, that in each study of this thesis, broad 

speed zones were used to classify movements, in an attempt to minimise the limitations 

associated with GPS technology.  
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Chapter 4 

 

Theme 1 – Factors influencing pacing strategies in rugby league 

players 
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4.1 Study 1: Influence of physical contact on pacing strategies during small-

sided games 

 

 

This study has been accepted for publication following peer review.  Full reference details 

are: 

Johnston RD, Gabbett TJ, Seibold AJ, and Jenkins DG. Influence of physical contact on 

pacing strategies during game-based activities. Int J Sports Physiol Perform, 2014, 9: 811-6. 



FATIGUE AND PACING 

Chapter 4: Pacing 

Physical Contact on Pacing 

 

 

61 

 

4.1.1 Abstract 

Repeated-sprinting incorporating tackles leads to greater reductions in sprint performance 

compared with repeated-sprinting alone.  However, the influence of physical contact on the 

running demands of small-sided games is unknown. The aim of this study was to determine 

whether the addition of physical contact altered pacing strategies during small-sided games. A 

counter-balanced, cross-over experimental design was used. Twenty-three elite youth rugby 

league players were divided into two groups. Group 1 played the contact game on day 1 

whilst group 2 played the non-contact game; 72 hours later they played the alternate game. 

Each game consisted of off-side touch on a 30 m x 70 m field, played over two 8 min halves. 

Rules were identical between games except the contact game included a 10 s wrestle bout 

every 50 s. Microtechnology devices were used to analyse player movements. There were 

greater average reductions during the contact game for distance (25%, 38 m·min
-1

 vs. 10%, 20 

m·min
-1

; ES = 1.78 ± 1.02) and low-speed distance (21%, 24 m·min
-1

 vs. 0%, 2 m·s
-1

; ES = 

1.38 ± 1.02) compared with the non-contact game. There were similar reductions in high-

speed running (41%, 18 m·min
-1

 vs. 45%, 15 m·min
-1

; ES = 0.15 ± 0.95). The addition of 

contact to small-sided games causes players to reduce low-speed activity in an attempt to 

maintain high-intensity activities. Despite this, players were unable to maintain high-speed 

running whilst performing contact efforts. Improving a player’s ability to perform contact 

efforts, whilst maintaining running performance should be a focus in rugby league players. 
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4.1.2 Introduction 

Rugby league is a contact sport with periods of high- and low-intensity activity [2, 8]. During 

competition, players typically cover distances of 90-100 m
.
min

-1
[2, 5, 8], including 6-14 

m
.
min

-1 
at high-speeds [2, 8]. In addition, to these running demands, players frequently 

engage in physical contact (i.e. tackles or hit-ups) during attack and defence. Gabbett et al., 

[10] reported that players performed 24-47 contact efforts during a game at a frequency of 

0.38-1.09 per min depending on playing position. Furthermore, the frequency of physical 

contact is twice as high in defence than attack [5]. 

 

These contact efforts are a particularly demanding aspect of competition. Previous research 

has found that repeated-sprinting incorporating tackles is associated with greater peak (177 ± 

8 b
.
min

-1
 vs. 166 ± 9 b

.
min

-1
) and average (169 ± 8 b

.
min

-1
 vs. 154 ± 10 b

.
min

-1
) heart rates 

and perceived exertion (12 ± 1 vs. 16 ± 1) than repeated-sprinting alone [9].  Moreover, post-

match markers of muscle damage and neuromuscular fatigue are greater with a higher 

frequency of physical contact [27]. Johnston et al., [47] found that small-sided games 

involving physical contact were associated with greater increases in upper-body 

neuromuscular fatigue, blood creatine kinase (indicative of muscle damage) and perceived 

exertion, along with greater reductions in perceived wellbeing, despite lower running loads 

than non-contact games. Collectively, these data highlight the considerable physiological load 

and psychological stress associated with performing contact efforts. 

 

Contact efforts during rugby league match-play normally precede or immediately follow high-

intensity running [11]. Indeed, players will regularly perform high-intensity running efforts in 

combination with contact efforts with minimal rest between each effort. Such activity bouts 

have been defined as repeated high-intensity effort (RHIE) bouts [76]. These RHIE bouts that 

include tackles and running efforts are thought to be vital to the outcome of a match, with 

70% of tries scored or conceded within 5 min of a RHIE bout [76]. Furthermore, winning 

teams perform more RHIE bouts per match, and more efforts per bout than losing teams [55]. 

As such, the ability (or inability) to repeatedly perform contact efforts while maintaining 

running performance may be critical to the outcome of a game [58]. Although RHIE 
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performance discriminates between successful and less successful teams, it has also been 

shown that winning teams maintain a higher overall playing intensity, covering greater 

relative distance than losing teams [55]. With this in mind, it appears important that players 

are able to maintain running performance whilst performing contact efforts.  

 

Pacing has been described as the efficient use of energy resources during exercise so that all 

available energy is utilised without compromising performance before the cessation of the 

event [168]. On the other hand, fatigue has been defined as sensations of tiredness and 

associated decrements in muscular performance and function [169]. While it is well 

documented that athletes from individual sports adopt pacing strategies in order to manage 

fatigue [170], recent evidence has shown that different pacing strategies might be adopted in 

high-intensity, intermittent team sports [16-18]. Research has suggested that during match-

play, players adopt pacing strategies that reduce low-speed activity in order to maintain the 

high-intensity running demands of competition [17, 18]. Furthermore, rugby league players 

employ a pacing strategy that allows them to adequately complete game tasks, yet remain in a 

reasonable state following the contest [16]. It is thought that players pace in order to prevent 

failure of a single physiological system, and maintain homeostasis [13, 170]. Although 

speculative, it is proposed that these pacing strategies are regulated both consciously and 

subconsciously. The initial pacing strategy employed is set subconsciously, based on previous 

knowledge of the impending activity [170]. Throughout exercise, sensory information is 

delivered to the brain from the muscles and cardiovascular system. The brain interprets this 

information against expected outcomes and perceived exertion and makes a conscious 

decision to either increase or decrease exercise intensity [170]. Despite this, little is known 

regarding the effect that physical contact has on the running demands of match-play, and 

whether contact results in a different pacing strategy. Whilst it is impossible to eliminate 

contact from match-play, this can be done using small-sided games that have a similar 

stochastic nature to match-play [171]. It is important to determine the effect of physical 

contact on movement demands, as running performance is central to the outcome of a match 

[55].  
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Given the physiological and psychological stress associated with contact efforts [9, 47], it is 

plausible that the addition of such efforts to performance may alter the movement patterns 

and, in turn, the pacing strategies employed. Understanding the relationship between physical 

contact and locomotor activities may allow coaching staff to develop training drills to better 

prepare players to perform and tolerate the contact and running demands of competition. With 

this in mind, the aim of this study was to determine the influence of physical contact on 

running performance during small-sided games. It was hypothesised that the addition of 

contact to a small-sided game would cause greater reductions in low-speed running 

performance compared to a non-contact game so that players could maintain the high-speed 

running and contact components of the activity.   

 

4.1.3 Methods 

 

4.1.3.1 Design 

In order to test our hypothesis, a counter-balanced, cross-over experimental design was used. 

Elite youth rugby league players participated in contact and non-contact small-sided games. 

Global positioning system (GPS) microtechnology devices were used to assess movements 

during the small-sided games. Players were randomly divided into two groups; one group 

played the small-sided game with no contact first followed by the small-sided game with 

contact 72 hours later; the second group played the games in reverse order. 

 

4.1.3.2 Subjects 

Twenty-three elite youth rugby league players (age 19.1 ± 0.8 years; height 178.3 ± 22.9 cm; 

body mass 93.7 ± 9.2 kg) from the same National Youth Competition (U20) team  

participated in the study. Data were collected in the penultimate week of pre-season, with 

players free from injury. In accordance with the Code of Ethics of the World Medical 

Association (Declaration of Helsinki), players received an information sheet outlining 

experimental procedures; written informed consent was obtained from each player. Over the 

course of the testing period, players were asked to maintain their normal diet. The study was 

approved by the University’s ethical review board for human research. 
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4.1.3.3 Small-Sided Games 

Two small-sided games were performed in two training sessions, separated by 72 hours. Both 

games were ‘off-side’ small-sided games, one with contact, and one without contact, regularly 

used by the coaches during training. Players were divided into 4 teams of 6 players (one 

player was not fitted with a GPS unit), so there was an even spread of playing positions 

amongst each team. Teams 1 and 2 played the non-contact game first and then the contact 

game 72 hours later; teams 3 and 4 played the games in reverse order. Each game consisted of 

two 8 min halves separated by a 90 s rest interval played on a grass training pitch in a 

standardised (30 m x 70 m) playing area. The ‘off-side’ game permitted each team to have 

three ‘plays’ while in possession of the ball. A ‘play’ ended when the player in possession of 

the ball was touched by a defender with two hands. The ball was turned over when the 

attacking side had completed three ‘plays’, or if an error was committed. Unlike a regular 

small-sided rugby game, during the ‘off-side’ game, the ball was able to be passed in any 

direction (i.e. to ‘off-side’ players). The only difference between the two games was the 

addition of 8, 10 s contact and wrestle periods every 50 s during each half of the contact 

game. The players were asked to perform alternate shoulder pummels for 5 s, before being 

given 5 s to wrestle their partner onto their back. All players received coaching on wrestling 

techniques as part of their training and were familiar with this contact drill. Simulated 

contacts similar to those used in the present study have been shown to have good 

reproducibility in rugby league players [9]. After each contact period, the game resumed. Due 

to the 10 s contact period within each minute of the contact game, the ball was only in play 

for 50 s of each minute compared to the full 60 s of each minute in the non-contact game. In 

order to control for this difference, and allow direct comparisons between the two games, the 

50 s of activity whilst the ball was in play during each minute of the contact game was 

extrapolated to 60 s. Other than the 16 contact periods, there was no difference in the rules, 

verbal encouragement, pitch size, player number, and match duration between the contact and 

non-contact game. In addition, 30 min after each game, rating of perceived exertion (RPE) 

was recorded using a CR-10 RPE scale to obtain an indication of how hard players perceived 

each game [172]. 
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4.1.3.4 Global Positioning System Analysis 

Game movements were assessed by GPS microtechnology devices fitted between the shoulder 

blades in a manufacturer-provided vest. The GPS units sampled at 10 Hz (Team S4, Catapult 

Sports, VIC, Australia) and included 100 Hz tri-axial accelerometers, gyroscopes, and 

magnetometers to provide information on collisions and 2D Player Load™. Data were 

downloaded to a laptop (Acer Aspire 2930, Acer, UK) and subsequently analysed (Sprint, 

Version 5, Catapult Sports, VIC, Australia). Data were categorised into low-speed activity (0-

5 m·s
-1

), and high-speed running (≥5.1 m·s
-1

).[2]  Repeated high-intensity effort (RHIE) bouts 

were classified as 3 or more maximal acceleration (≥2.78 m·s
-2

), high-speed, or contact efforts 

with less than 21 s between each effort [2]. The data were divided into 1-min blocks for 

analysis (16 in total) in order to determine the changes in running performance during each 

game. Player Load™ (2D) excludes the vertical accelerometer information and is therefore 

indicative of the load associated with the non-running components (i.e. physical contact) of 

the two games. Both the accelerometer and GPS technology housed within the units offer a 

valid and reliable method of quantifying movements that are commonplace in rugby league 

[160, 164, 173].  

 

4.1.3.5 Statistical Analysis 

The differences in movement demands between the contact and non-contact games and 

changes over each minute of each game were determined using traditional null hypothesis 

significance testing, and magnitude based inferences. A two-way (game x time) repeated 

measures ANOVA was performed using SPSS version 19 (SPSS for Windows, IBM 

Software, NY, USA) to determine the statistical significance of any main effects. Based on 

the real-world relevance of the results, magnitude based inferences were used to determine the 

practical meaningfulness of any differences. Firstly, the likelihood that changes in the 

dependent variables were greater than the smallest worthwhile change was calculated as a 

small effect size of 0.20 x the between subject standard deviation. Thresholds used for 

assigning qualitative terms to chances were as follows: <1% almost certainly not; <5% very 

unlikely; <25% unlikely; <50% possibly not; >50% possibly; >75% likely; >95% very likely; 

>99% almost certain [174]. The magnitude of difference was considered practically 

meaningful when the likelihood was ≥75%. Secondly, magnitudes of change in the dependent 
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variables were assessed using Cohen’s effect size (ES) statistic [175]; ES of 0.20-0.60, 0.61-

1.19, and ≥1.20 were considered small, moderate and large respectively [176]. Data are 

reported as means ± 95% confidence intervals (CI); the significance level was set at p<0.05. 

 

4.1.4 Results 

The absolute running loads of each game are presented in Table 4.1. During the non-contact 

game, players covered greater relative distance (ES = 0.45; Likelihood = 87%, Likely; p = 

0.076) predominantly through greater distances covered at low speeds (ES = 0.50, Likelihood 

= 75%, Likely; p = 0.177) compared with the contact game.  Only small differences (ES = 

0.24, Likelihood = 56%, Possibly; p = 0.417) were found between the contact and non-contact 

games for the distance covered in high-speed running. There was a large, significantly greater 

2D Player Load™ during the contact game compared to the non-contact game (ES = 2.69, 

Likelihood = 100%, Almost Certain; p = 0.001). 

 

There were reductions in total distance during each min of the contact and non-contact small-

sided games (Table 4.1A) with a significant main effect of game (p = 0.001) and time (p = 

0.001), as well as a group by time interaction (p = 0.001). Moreover, the larger reductions in 

relative distance during the contact game compared with the non-contact game were 

practically meaningful (ES = 1.78; Likelihood = 100%, Almost Certain), with large 

reductions at each min after the first min of the contact game (ES = -1.23 to -3.66). During the 

non-contact game, there was only large reductions in relative distance during the 6
th

 (ES = -

1.21), 13
th

 (ES = -1.53) and 14
th

 (ES = -1.34) min. The average reduction in relative distance 

compared to min 1 was 25 ± 4% and 10 ± 3% following the contact and non-contact games, 

respectively (Table 4.2). 
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Table 4.1. Running loads of the contact and non-contact small-sided games. † 

 Contact Non-Contact Difference (%) ES Likelihood  Descriptor 

Distance (m) 2191 (2126-2257) 2240 (2160-2319) 2.2 (1.6-2.7) 0.27 59/35/6% Possibly 

Relative Distance (m·min
-1

) 134 (129-138) 139 (134-144) 3.7 (3.1-4.3) 0.45 87/13/1% Likely 

High-speed running (m) 268 (235-301) 283 (242-324) 5.6 (3.0-7.6) 0.24 45/43/11% Possibly 

High-speed running (m·min
-1

) 16 (13-20) 17 (15-20) 6.3 (3-9.3) 0.24 56/37/7% Possibly 

Low-speed activity (m) 1905 (1837-1974) 1936 (1862-2009) 1.6 (1.3-1.9) 0.50 72/1/27% Possibly 

Low-speed activity (m·min
-1

) 115 (110-120) 120 (124-116) 4.3 (3.3-5.3) 0.50 75/23/2% Likely 

RHIE Bouts (no.) 1.0 (0.5-1.5) 0.3 (0.1-0.5) 70.0 (60-80) 0.36 0/73/26% Possibly Not 

2D Player Load (AU) 0.20 (0.19-0.21) 0.11 (0.11-0.12) 73.3 (71.0-

74.6) 

2.69 0/0/100% Almost Certain 

† Data are means and 95% confidence intervals. Difference (%) refers to the percentage difference between contact and non-contact 

games; likelihood refers to chances of difference being positive/trivial/negative. 

Table 4.2. Average reduction in running loads from the first minute across the contact and non-contact 

small-sided games. † 

 Contact Non-Contact ES Likelihood Descriptor 

Distance (%) 25 (21-29) 10 (7-13) 1.78 100/0/0% Almost Certain 

High-speed running (%) 41 (31-51) 45 (34-54) 0.15 30/8/61% Possibly Not 

Low-speed activity (%) 21 (17-24) 0 (-4-3) 2.38 100/0/0% Almost Certain 

† Data are reported as means ± 95% confidence intervals.  Low-speed activity refers to movements ≤5 

m·s
-1

; high-speed running refers to movements ≥5.1 m·s
-1

. ES = Effect size difference; effect sizes of 

0.20-0.60, 0.61-1.19, and ≥1.20 were considered small, moderate, and large, respectively.  Likelihood 

refers to chances of difference being positive/trivial/negative: descriptor refers to the chance that the 

difference between the contact and non-contact games is practically meaningful. 
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Figure 4.1. Changes in (A) overall meters per minute, (B) low-speed meters per minute (0–5 

m.s-1), and (C) high-speed meters per minute (≥5.1 m.s-1) during the contact and noncontact 

small-sided games, mean ± 95% confidence intervals. L Denotes a large effect size difference 

(≥1.20) from baseline (L
b
) and between games (L

g
). 
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There were no reductions in low-speed activity during the non-contact game, but marked 

reductions during the contact game (Table 4.1B), with a significant main effect of game (p = 

0.001) and time (p = 0.001), as well as a game by time interaction (p = 0.001). During each 

min of the contact game, there was an average reduction of 21 ± 3% in low-speed activity, 

whereas the average change in the non-contact game was 0 ± 3% (ES = 2.38; Likelihood = 

100%, Almost Certain). Furthermore, there were large ES differences between the contact and 

non-contact games in the 2
nd

-6
th

 and 11
th

, 12
th

 and 16
th

 min (ES = 1.20-2.86). 

 

There were similar reductions in high-speed running during the contact and non-contact 

games (Table 4.1C). There was a significant main effect of time (p = 0.001).  However, no 

significant differences were found between games (p = 0.735; ES = 0.15; Likelihood = 

Possibly Not), nor were there significant condition by time interactions (p = 0.781). There 

was an average reduction in high-speed running of 41 ± 10% in the contact game, and 45 ± 

9% in the non-contact game (Table 4.2). 

 

Whilst there was significantly greater 2D Player Load™ during the contact game compared 

with the non-contact game (p = 0.001), there was no main effect of time on 2D Player Load™ 

during both games (p = 0.796; ES = -0.30; Likelihood = Trivial) 

 

There was a small, significant difference in the RPE for each game, with a mean of 6.9 ± 0.4 

for the contact game and 6.3 ± 0.6 for the non-contact game (p = 0.05) although the likelihood 

of this difference being practically meaningful was unlikely (Likelihood = Unlikely, 8%; ES = 

0.41 ± 0.85). 
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4.1.5 Discussion 

This study investigated the effect of physical contact on the pacing strategies employed by 

rugby league players during small-sided games. Our hypothesis was confirmed, with greater 

reductions in total distance and low-speed activity during the contact small-sided game 

compared with the non-contact small-sided game. There were large reductions in high-speed 

running, which were similar between the two games. The contact game was associated with 

greater 2D Player Load™ that was maintained throughout the game, suggesting players 

prioritised contact efforts over running performance. These findings suggest that players 

adopt different pacing strategies during small-sided games that incorporate physical contact, 

compared to activities that involve no contact. The addition of contact results in players 

reducing non-essential low-speed activity in an attempt to maintain intensity in the contact 

efforts. 

 

Previous research suggests that players employ pacing strategies whereby they reduce non-

essential low-speed activity in order to preserve high-speed running efforts [17, 18].   This 

was not the case in the present study, with no change in low-speed activity in the non-contact 

game. Whilst there were large reductions in low-speed activity in the contact game, it did not 

translate to the maintenance of high-speed running. However, players did maintain the 

intensity of contact efforts, highlighted by trivial changes in 2D Player Load™ throughout the 

game. Given the high relative intensity of the contact game (134 ± 17 m·min
-1

) in comparison 

to match-play [58], it is likely that players were unable to maintain both running and contact 

performance. In team-sports with high running volumes, yet low contact volumes, players 

reduce the non-essential low-speed activity to maintain high-speed running [17, 18]. A 

potential reason that this did not occur in the present study could be that the players are aware 

that contact efforts are central to success in rugby league [25], and therefore prioritise these 

high-intensity contact efforts above running efforts. Despite this, the ability to recover at a 

high relative intensity is central to the outcome of a game [55]. As such, these findings could 

have potential implications for match performance. Low-speed activity appears important to 

the outcome of a match, with moderate (7-17 points) and large (≥18 points) winning margins 

associated with greater distances covered at low speeds. Therefore reductions in low-speed 

activity, as seen during the contact game, could compromise match performance. With this in 
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mind, conditioning activities should attempt to improve players’ ability to perform contact 

efforts without compromising running performance. 

 

During both games there were similarly large reductions in high-speed running. These 

reductions occurred during the first few minutes of the first-half before returning to baseline 

by minute 8, indicative of a variable pacing strategy and transient fatigue [13, 85]. However, 

during the second-half, there were gradual reductions in high-speed running; with only small 

increases towards the end of the game, indicative of an ‘end-spurt’. Despite this, the small 

magnitude of this ‘end-spurt’ indicates significant player fatigue [47, 177]. The first-half 

pacing strategy may have been employed to preserve energy for an end-spurt in the second-

half. However, in the second-half, when players were in clear sight of the end-point, they 

utilised an all-out pacing strategy, similar to an interchange player [16]. It is likely that such a 

high running intensity (contact = 134 ±17 m·min
-1

; non-contact = 140 ± 5 m·min
-1

) in 

comparison to the intensity of match-play (95 ± 10 m·min
-1

) [58] was too high to maintain 

throughout the entire game, resulting in reductions in high-speed running performance [85]. 

Furthermore, the relatively short duration of the games was likely to result in players setting 

higher pacing strategies as observed in interchange players, compared with whole-match 

players [16]. The large reductions in high-speed running suggest that pacing strategies were 

employed that resulted in significant fatigue, resulting in the reduction of high-speed running. 

 

There was a significantly greater perceived exertion associated with the contact game 

compared with the non-contact game. This is in line with previous research that has reported 

greater perceived exertion when performing repeated-effort exercise (tackles and sprints) 

compared to repeated-sprints in isolation [9]. These results are not surprising given the high-

intensity nature of contact efforts [10, 47], which result in greater disturbances in homeostasis 

[9, 47]. This results in greater sensory feedback to the brain during exercise [170], resulting in 

subconscious increases in perceived exertion [178]. An elevated RPE above anticipated levels 

during exercise leads to reductions in power output, and consequently, exercise performance 

[179]. These data highlight the psychological stress associated with performing tackles and 
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contact efforts. Clearly, players need to be mentally prepared to perform the frequent contact 

efforts that occur over the course of a game [2, 76]. 

 

4.1.6 Conclusions 

These results suggest that the addition of contact to small-sided games causes players to 

reduce low-speed activity in an attempt to maintain high-intensity activities. Despite this 

pacing strategy, players are unable to maintain both high-speed running and contact efforts. 

As such, players prioritise the maintenance of contact efforts over high-speed running. In the 

non-contact game, fatigue was evident with the maintenance of low-speed activity but 

reductions in high-speed activity. Improving a player’s ability to perform contact efforts, 

whilst maintaining running performance should be a focus of rugby league training 

programmes. There are some limitations associated with this study that warrant discussion.  

The sample size was relatively small, and given the inherent variability in the demands of 

small-sided games, further research should be conducted to ascertain the influence of contact 

on running performance.  In addition, the assessment of heart rate data would have been 

useful. Although physical contact increases heart rate responses [9]. it would have been 

interesting to know how this changed throughout the two games. Future research should aim 

to determine the internal load associated with contact efforts, and the impact of these contact 

efforts on external load. 

 

4.1.7 Practical Applications 

 Targeting opposition players in attack, making them perform more tackles, could 

potentially lead to greater reductions in running performance.  

 The inclusion of contact to small-sided games challenges a player’s ability to maintain 

running performance. It is likely that improving the ability to perform running 

interspersed with contact efforts (repeated high-intensity effort ability) is beneficial to 

rugby league players, and should be central to conditioning programmes. Using 

contact and running efforts that replicate the most demanding passages of match-play 

is likely to allow players to better maintain running performance during a game.  
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4.2 Study 2: Are three contact efforts really reflective of a repeated high-

intensity effort bout? 

 

 

This study has been accepted for publication following peer review.  Full reference details 

are: 

Johnston RD, Gabbett TJ, Walker S, Walker B, and Jenkins DG. Are three contact efforts 

really reflective of a repeated high-intensity effort bout? J Strength Cond Res, 2015, 29: 816-

821.  
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4.2.1 Abstract 

The use of 3 or more efforts (running and contact), separated by short recovery periods, is 

widely used to define a ‘repeated high-intensity effort’ (RHIE) bout in rugby league.  It has 

been suggested that due to fatigue, players become less effective following RHIE bouts; 

however, there is little evidence to support this. This study determined whether physical 

performance is reduced after performing 1, 2, or 3 efforts with minimal recovery.  A counter-

balanced, cross-over experimental design was used. Twelve semi-professional rugby league 

players (age 24.5 ± 2.9 years) competed in three ‘off-side’ small-sided games (2 x 10 min 

halves) with a contact bout performed every 2 min. The rules of each game were identical 

except for the number of contact efforts performed in each bout. Players performed 1, 2, or 3 

x 5 s wrestling bouts in the single-, double- and triple-contact game, respectively. Movement 

demands of each game were monitored using global positioning system units. From the first 

to the second half, there were trivial reductions in relative distance during the single-contact 

game (ES = -0.13 ± 0.12), small reductions during the double-contact game (ES = -0.47 ± 

0.24), and moderate reductions during the triple-contact game (ES = -0.74 ± 0.27). The 

present data show that running intensity is progressively reduced as the number of contact 

efforts per bout is increased. Targeting defensive players and forcing them to perform two or 

more consecutive contact efforts is likely to lead to greater reductions in running intensity. 

Conditioning performing multiple contact efforts whilst maintaining running intensity should 

therefore be incorporated into training for contact team sports. 
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4.2.2 Introduction 

Rugby league is a collision sport characterised by periods of high- (e.g. sprinting, tackling, 

wrestling) and low-intensity (e.g. jogging, walking, standing) activity [2, 8]. During 

competition, players typically cover distances of 90-100 m
.
min

-1
 [2, 5, 8], including 6-14 

m
.
min

-1 
at high-speeds [2, 8]. In addition to these running demands, players are also involved 

in frequent physical collisions involving blunt force trauma as well as wrestling and grappling 

efforts. Depending on position, players are involved in 24-47 contact efforts during a game at 

an average frequency of 0.38-1.09 per min [10].  However, players are often required to 

perform contact efforts at a much greater frequency during certain passages of play. Indeed, 

the frequency of physical contact is twice as high in defence compared with attack (1.9 ± 0.7 

vs. 0.8 ± 0.3 per min) [25]. These collisions and contact efforts are associated with increased 

physiological and psychological loads [9], muscle damage [47, 27], upper body fatigue [47], 

and reductions in running performance [20]. As such, players are required to maintain a 

sufficient running intensity whilst regularly performing repeated contact efforts and high-

intensity running actions.  

 

Given the high physiological cost associated with performing contact efforts, coaches often 

use tactics that involve targeting a certain defensive player during a period of play, or over an 

entire game. This results in the player having to make multiple tackles in quick succession. It 

is believed that forcing a player to make 3 consecutive tackles, reduces their effectiveness 

during match-play for a certain length of time (9), most likely due to cumulative fatigue 

resulting from the repeated contact efforts [9]. Early research within the sport of field hockey 

aimed to quantify the most demanding passages of competition and defined repeated-sprint 

bouts as 3 or more sprints with less than 21 seconds between each sprint [81]. Whilst this may 

be adequate for non-contact sports, repeated-sprint bouts overlook the highly demanding 

contact efforts that are commonplace in rugby league [9], and therefore underestimate the 

worst-case demands of competition. As such, Austin and colleagues described repeated high-

intensity effort (RHIE) bouts [76], which included repeated sprints, and also contact efforts. 

Specifically, a RHIE bout was defined as 3 or more contact or high-speed running efforts with 

less than 21 seconds between each effort (1). More recently, with the development of global 

positioning system (GPS) technology, maximal accelerations have been integrated into the 
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RHIE definition alongside contact and high-speed running efforts [2]. The evidence in support 

of 3 RHIE being important to physical performance outcomes is largely anecdotal (9) and 

only one study in rugby league has suggested this may be the case [9]. The authors noted that 

players could only maintain sprint performance for 3 efforts (2 sprints and 1 tackle), during a 

repeated-effort test, before sprint performance was markedly impaired [9]. However, only 

amateur players were examined in this study [9], and players did not perform back-to-back 

tackles. It may be that 2 back-to-back contact efforts are all that are required to impair 

performance, and render a player relatively ineffective. In addition, a recent study examining 

the RHIE demands of elite and semi-elite competition highlighted that the majority of RHIE 

bouts were comprised of 2 efforts, and semi-elite players performed a greater proportion of 2 

effort bouts compared with their elite counterparts [65]. As such, it appears that performing 2 

efforts within a RHIE bout poses considerable physical demands on players, which may 

impact on subsequent performance. 

 

The aim of this study was to compare the influence of 1, 2, or 3 contact efforts in a single bout 

on running performance during small-sided games. It was hypothesised that as the number of 

contact efforts increased, so too would the reductions in running performance.  

 

  



FATIGUE AND PACING 

Chapter 4: Pacing 

Three Contact Efforts and Physical Performance 

 

 

79 

 

4.2.3 Methods 

 

4.2.3.1 Design 

A counter-balanced, cross-over experimental design was used to test our hypothesis.  Players 

were randomly divided into three groups, and played each small-sided game in a counter-

balanced fashion over a 10 day period separated by at least 72 hours. GPS microtechnology 

devices assessed movements during the small-sided games. 

 

4.2.3.2 Subjects 

Thirty-six semi-professional rugby league players from the same rugby league club 

participated in the study. Twelve of the 36 players (mean ± SD age 24.5 ± 2.9 years; body 

mass 90.4 ± 7.2 kg) wore GPS units during each game, and these 12 players provided the data 

for this study. All data were collected during weeks 4 and 5 of the pre-season period, with 

players free from injury. Over the course of the testing period, players were asked to maintain 

their normal diet. In accordance with the Code of Ethics of the World Medical Association 

(Declaration of Helsinki), players received an information sheet outlining experimental 

procedures; written informed consent was obtained from each player. The study was approved 

by the University’s ethical review board for human research. 

 

4.2.3.3 Small-Sided Games with Contact 

The three games were ‘off-side’ small-sided games, regularly used by rugby league coaches 

during training. Unlike a regular small-sided rugby game, during ‘off-side’ games, the ball 

can be passed in any direction (i.e. to ‘off-side’ players). Within each of the three groups, 

players were divided into two teams of 6 players, ensuring an even spread of playing 

positions. Each game consisted of two 10 min halves separated by a 2 min rest interval played 

on a grass training pitch in a standardised (30 m x 70 m) playing area. The ‘off-side’ game 

used the same rules as those reported previously (16) and each team was permitted to have 

three ‘plays’ while in possession of the ball. A ‘play’ ended when the player in possession of 

the ball was touched by a defender with two hands. The ball was turned over when the 

attacking side had completed three ‘plays’, or if an error was committed. Every 2 min of each 
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game, players performed a contact bout (eight contact bouts in total), with players allowed 5 s 

to find a partner. The only difference between the three games was the number of contact 

efforts in each contact bout. In game 1, players performed a single contact effort each bout (8 

in total); game 2 involved two contact efforts each bout (16 in total); game 3 involved 3 

contact efforts each bout (24 in total). From a standing position, one step away from their 

partner, players were asked to perform a single shoulder contact, before being given 5 s to 

wrestle their partner onto their back. In games 2 and 3 when players performed multiple 

contacts, each 5 s contact was separated by 2 s of rest. All players received coaching on 

wrestling techniques as part of their training and were familiar with this contact drill. Similar 

simulated contacts have shown good reproducibility in rugby league players [9]. After each 

contact period, the game resumed. Other than the number of contact bouts, there was no 

difference in the rules, verbal encouragement, pitch size, player number, or match duration 

between games. Due to the varying length of each contact period (single-contact = 10 s [5s to 

find partner; 1 x 5 s wrestle]; double-contact = 17 s [5s to find partner; 2 x 5 s wrestle; 1 x 2 s 

rest]; triple-contact = 24 s [5s to find partner; 3 x 5 s wrestle; 2 x 2 s rest]) only active playing 

time (less the contact periods) was analysed; distances covered were expressed relative to ball 

in play time. 

 

4.2.3.4 Time-Motion Analysis 

The GPS units sampled at 10 Hz (Team S4, Catapult Sports, VIC, Australia) and included a 

100 Hz tri-axial accelerometer and gyroscope to provide information on collisions. Data were 

downloaded to a laptop (Acer Aspire 2930, Acer, UK) and subsequently analysed (Sprint, 

Version 5.1.1, Catapult Sports, VIC, Australia). Data were categorised into low-speed activity 

(0-3.5 m·s
-1

), moderate-speed running (3.6-5.0 m·s
-1

) and high-speed running (≥5.1 m·s
-1

) [2]. 

Data were divided into 5 min blocks for analysis in order to determine the changes in running 

performance during each game. Player Load™ Slow (<2 m·s
-1

) was used to determine the 

load associated with the non-running components (i.e. physical contact) of the games [167]. 

These units offer valid and reliable estimates of movements common in rugby league [160, 

164].  
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4.2.3.5 Statistical Analyses 

The practical meaningfulness of any differences in movement demands between the three 

games was determined using magnitude based inferences. The likelihood that changes in the 

dependent variables were greater than the smallest worthwhile change was calculated as a 

small effect size (ES) of 0.20 x the between subject standard deviation; an ES of 0.20 was 

used as this is the smallest effect size that is deemed practically meaningful. Thresholds used 

for assigning qualitative terms to chances were as follows: <1% almost certainly not; <5% 

very unlikely; <25% unlikely; <50% possibly not; >50% possibly; >75% likely; >95% very 

likely; ≥99% almost certain [174]. The magnitude of difference was considered practically 

meaningful when the likelihood was ≥75%. Secondly, magnitudes of change in the dependent 

variables were assessed using Cohen’s ES statistic [175]. An ES of 0.20-0.60, 0.61-1.19, and 

≥1.20 were considered small, moderate and large respectively [176]. Data are reported as 

means ± 95% confidence intervals (CI). 

 

4.2.4 Results 

The differences in playing intensities and distance covered in each speed zone are shown in 

Figure 4.2. During the first half of each game, there was no difference in relative distance (ES 

= -0.11 to 0.10), low-speed activity (ES = -0.38 to 0.35), moderate-speed running (ES = -0.20 

to 0.24), and high-speed running distance (ES = -0.06 to 0.11) covered. Although not 

practically meaningful, Player Load™ Slow (Figure 4.3) was moderately higher in the first 

half of the triple-contact game compared with the single-contact game (ES = 0.98 ± 1.0; 

likelihood = possibly, 36%).  
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Figure 4.2. Relative distance (A), low-speed activity (0-3.5 m·s-1) (B), moderate-speed 

running (3.6-5.0 m·s-1) (C), and high-speed running (≥5.1 m·s-1) (D) during the first and 

second half of the single, double, and triple-contact games. M Denotes a moderate effect size 

difference (0.61-1.19). Data are presented as means ± SD. 



FATIGUE AND PACING 

Chapter 4: Pacing 

Three Contact Efforts and Physical Performance 

 

 

83 

 

Single Contact Double Contact Triple Contact

P
la

y
er

 L
o

ad
™

 S
lo

w
 (

A
U

)

4

5

6

7

8

First Half

Second Half

M

M

 

Figure 4.3. Player Load™ Slow during the first and second half of the single, double, and 

triple-contact games. M Denotes a moderate effect size difference (0.61-1.19). Data are 

presented as means ± SD. 

 

During the second half of the game, the relative distance covered was lower in the triple-

contact game compared with the single-contact game (ES = -0.40 ± 0.24; likelihood = likely, 

78%); there was little difference between the single- and the double- (ES = -0.21 ± 0.13), or 

the double- and triple-contact game (ES = -0.17 ± 0.45). From the first to the second half, 

there was a trivial reduction in relative distance in the single-contact game (ES = -0.13 ± 0.12; 

likelihood = possible, 56%), a small reduction in the double-contact game (ES = -0.47 ± 0.24; 

likelihood = likely, 82%), and a moderate reduction in the triple-contact game (ES = -0.74 ± 

0.27; likelihood = likely, 88%). There was a moderate increase in low-speed activity during 

the second half of the single-contact game (ES = 0.67 ± 0.17; likelihood = likely, 90%), and 

only trivial decreases in the double- (ES = -0.05 ± 0.14) and the triple-contact game (ES = -
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0.09 ± 0.12). Low-speed distance during the second half of the single-contact game was 

moderately greater than during the triple-contact game (ES = 0.71 ± 0.38; likelihood = 

possibly, 73%). Whilst there were only small reductions in moderate-speed running in the 

second half of the single- (ES = -0.37 ± 0.21; likelihood = possibly, 71%) and double-contact 

games (ES = -0.33 ± 0.22; likelihood = possibly, 69%), there was a moderate reduction in the 

triple-contact game (ES = -0.74 ± 0.24; likelihood = likely, 92%). High-speed running was 

maintained between the first and second halves in the double- (ES = -0.16 ± 0.72; likelihood = 

possibly, 51%) and triple-contact games (ES = -0.09 ± 0.61; likelihood = possibly, 39%), but 

showed moderate reductions in the single-contact game (ES = -0.78 ± 0.32; likelihood = 

likely, 91%). Player Load™ Slow (Figure 4.3) was maintained in the second half of each of 

the three games (ES = -0.09 to 0.17). Consistent with the first half, Player Load™ Slow was 

greater in the second half of the triple-contact game, compared with the single-contact game 

(ES = 0.72 ± 0.38; likelihood = possibly, 27%). 

 

4.2.5 Discussion 

The results of this study confirmed our hypothesis and highlight that greater reductions in 

running intensity occur as the number of contact efforts performed in a single bout increase. 

In addition, it lends support to the classification of RHIE bouts requiring a minimum of 3 or 

more efforts. However, it is clear that running intensity reduces progressively as the number 

of contact efforts increases. It is likely that performing more contact efforts will lead to larger, 

longer lasting reductions in running performance. Players need to be conditioned 

appropriately to minimise reductions in running performance whilst affecting multiple contact 

efforts in quick succession.  

 

In the single-contact game, playing intensity was maintained from the first to the second half, 

whereas there were small reductions in the double-contact game and moderate reductions in 

the triple-contact game. These results highlight that when players are required to perform 

multiple contact efforts in quick succession, reductions in running performance do occur. 

Although there were small reductions in the double-contact game, the larger reductions 

observed in the triple-contact game highlight the cost of performing multiple contact efforts. 
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As such, targeting defensive players in attack is likely to be advantageous and could influence 

match-play in a number of ways. Firstly, fatigue following RHIE exercise causes reductions 

in tackling technique in rugby league players [84], which in turn can lead to more missed and 

fewer dominant tackles during match-play [141], potentially increasing the number of points 

conceded. Secondly, increased fatigue following high-intensity passages of play results in 

decreases in the number of involvements with the ball and a reduction in the quality of skill 

execution in the subsequent 5 min period [77]. This could have important ramifications if the 

player who has made numerous consecutive tackles is in a key ball playing position (e.g. half 

or hooker). With this in mind, at certain times during match-play, coaches may benefit from 

targeting individual defensive players, forcing them to perform 3 or more consecutive tackles, 

in order to promote defensive errors and minimise their involvement in any subsequent attack.  

 

The definition of a RHIE bout originated from the sport of field hockey [81], and has since 

been used in rugby league [4, 58, 76]. Despite this, it is unclear whether the use of 3 efforts is 

indeed valid when defining a RHIE bout in rugby league. It could well be, that a bout 

involving 2 efforts still reflects a demanding passage of play and results in significant fatigue 

[19]. The present data are in accordance with those of others [9], whereby performing 3 high-

intensity efforts in close proximity to one another leads to reductions in running performance. 

Whilst players can maintain overall running intensity when performing single contact efforts 

in a bout, performing double contact efforts results in small reductions in running 

performance. Previously, research has only focused on RHIE bouts that include 3 or more 

efforts, with players performing in the region of 8-10 bouts over the course of a game [4, 58, 

76]. However, recently it was shown that players perform numerous bouts involving 2 efforts 

that are physically demanding [65], yet these efforts are not recognised as RHIE bouts in 

rugby league [19]. Moreover, there are greater reductions in the frequency of RHIE bouts 

involving contact between the first and second halves compared with non-contact RHIE bouts 

[65], further highlighting the physical performance reductions associated with performing 

repeated-contact efforts. With this in mind, coaches should condition players so that they are 

capable of performing RHIE bouts with varying numbers of efforts, durations, and activities. 

Moreover, it is vital players are physically prepared to perform repeated-contact efforts. 
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Although there was a greater reduction in overall running intensity as the number of contact 

efforts increased, there was a difference in the way players either reduced or maintained 

match intensity between games. In the single-contact game, there was no reduction in overall 

intensity and this was achieved by increasing low-speed activity whilst there were small and 

moderate reductions in moderate- and high-speed running, respectively. In the double- and 

triple-contact games, the reductions in running intensity were primarily brought about through 

reductions in moderate-speed running, with only small reductions in low-speed activity and 

high-speed running. Due to the high contact and RHIE demands of rugby league competition 

(9), and relatively lower running intensities than those of the current games [2], it is possible 

that players were unaccustomed to the large running component of the single-contact game. 

As such, players were unable to maintain the initial intensity and reduced high-speed running 

distance. The increases in low-speed activity in the second half of the single-contact game 

could reflect players relying on passes to move the ball, rather than running efforts. 

Unfortunately, the number of skill involvements was not assessed in the present study. The 

similar activity profiles in the double- and triple-contact games are not surprising given the 

repeated contact nature of these two games. The reduction in moderate-speed running and 

maintenance of high-speed running and Player Load™ Slow are indicative of a pacing 

strategy whereby players reduce non-essential activities so that the essential high-intensity 

movements can be maintained [20]. Based on this information, it appears that players modify 

their activity depending on the proportion of contact and running performed. As such, players 

need to be exposed to the appropriate contact and running demands of competition to obtain 

sufficient conditioning and allow them to set appropriate pacing strategies during match-play.  

 

4.2.6 Conclusions 

This study highlights that increasing the number of contacts in a single bout leads to greater 

reductions in running intensity which influences the pacing strategy adopted by players. 

While the findings lend support to the use of 3 efforts to define a RHIE bout, small reductions 

in running intensity also occur when players are required to perform double contact efforts. 

Future research should aim to compare the influence of 2, 3, and 4 efforts on both running 

performance and skill outcomes between different playing standards. In addition, this study 

only assessed the influence of repeated contact efforts. Future research should investigate the 
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influence high-intensity running efforts and a combination of running and contact efforts have 

on subsequent game intensity. A limitation of the present study was the use of ‘off-side’ 

games as opposed to the ‘on-side’ nature of rugby league match-play.  Future research should 

assess the influence of RHIE bouts on running performance during ‘on-side’ games. In 

addition, due to the stochastic nature of the games, players may have performed high-intensity 

running efforts immediately preceding or following the contact bouts which may have led to 

further decrements in running performance.  

 

4.2.7 Practical Applications 

 Targeting players in attack, forcing them to perform two or more consecutive contact 

efforts is likely to lead to greater reductions in running intensity and potentially 

tackling technique and skill involvements.  

 Although the greatest reductions in running intensity occurred during the triple-contact 

game, players still need to be prepared for the various contact and running demands of 

competition.  

 Double effort RHIE bouts are physically demanding for players and such bouts should 

be incorporated into conditioning drills.  
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4.3 Study 3: Influence of the number of contact efforts on running 

performance during small-sided games 

 

 

This study has been accepted for publication following peer review.  Full reference details 

are: 

Johnston RD, Gabbett TJ, and Jenkins DG. Influence of the number of contact efforts on 

running performance during game-based activities. Int J Sports Physiol Perform, 2015, 10: 

740-745.



FATIGUE AND PACING 

Chapter 4: Pacing 

Physical Contact on Running 

 

 

89 

 

4.3.1 Abstract 

To determine the influence the number of contact efforts during a single bout has on running 

intensity during small-sided games and assess relationships between physical qualities and 

distances covered in each game. A within-subject, counter-balanced repeated-measures 

experimental design was used. Eighteen semi-professional rugby league players (age 23.6 ± 

2.8 years) competed in three ‘off-side’ small-sided games (2 x 10 min halves) with a contact 

bout performed every 2 min. The rules of each game were identical except for the number of 

contact efforts performed in each bout. Players performed 1, 2, or 3 x 5 s wrestles in the 

single-, double- and triple-contact game, respectively. The movement demands (including 

distance covered and intensity of exercise) in each game were monitored using global 

positioning system units. Bench press and back squat 1 repetition maximum and 30-15 

intermittent fitness test (30-15IFT) assessed muscular strength and high-intensity running 

ability, respectively. There was little change in distance covered during the single-contact 

game (ES = -0.16 to -0.61) whereas there were larger reductions in the double- (ES = -0.52 to 

-0.81) and triple-contact (ES = -0.50 to -1.15) games. Significant relationships (p<0.05) were 

observed between 30-15IFT and high-speed running during the single (r = 0.72) and double- 

(r = 0.75), but not triple-contact (r = 0.20) game. There is little change in running intensity 

when only single-contacts are performed each bout; however when multiple contacts are 

performed, greater reductions in running intensity result. In addition, high-intensity running 

ability is only associated with running performance when contact demands are low. 
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4.3.2 Introduction 

Rugby league is a contact sport with periods of high- (e.g. sprinting, collisions, wrestling) and 

low-intensity (e.g. jogging, walking, standing) activity [2, 8]. During competition, players 

typically cover distances of 90-100 m
.
min

-1
[2, 5, 8], including 6-14 m

.
min

-1 
at high-speeds 

(>3.9 m·s
-1

) [2, 8]. Winning teams cover greater relative distances than losing teams [55], and 

higher ranked junior teams cover greater relative high-speed distance than lower ranked teams 

[60]. In addition, players with superior high-intensity running ability are more likely to be 

selected into a semi-professional rugby league team, and perform more high-speed running 

during match-play [24]. As such, the ability to maintain high-speed running over the course of 

a game appears to be a key factor associated with successful teams and players.    

 

In addition to these running demands, players frequently engage in physical contact (i.e. 

tackles, hit-ups, and wrestles) during attack and defence [5]. Gabbett et al., [10] reported that 

players performed 24-47 contact efforts during a game at a frequency of 0.38-1.09 per min 

depending on playing position. Despite this, players often perform contact efforts at a much 

greater frequency during certain passages of play. Indeed, the frequency of physical contact is 

twice as high in defence compared with attack (1.9 ± 0.7 vs. 0.8 ± 0.3 per min) [25]. 

Performing a number of physical collisions in close proximity to one another significantly 

increases the physiological demands imposed on players [9, 47]. Contact efforts may occur 

within repeated high-intensity effort (RHIE) bouts [25]. These RHIE bouts tend to occur at 

important times during a game; the greatest frequency of RHIE bouts occur when defending 

the try-line [25], and 70% occur within 5 min of a try being scored [76]. Moreover, winning 

teams perform more RHIE bouts during match-play, and more efforts within each bout [55].  

 

The available evidence suggests that to be successful, rugby league players require a high 

capacity to engage in repeated contacts (often in close proximity to one another) whilst 

maintaining a high running intensity. Although high-intensity running ability is linked to 

high-speed distance covered during games, it is not associated with RHIE ability [24]. This 

suggests that the large contact component associated with RHIE bouts [76] requires aspects of 

fitness that are independent of high-intensity intermittent running ability. Despite this, it is 
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unclear at what point the dissociation occurs between high-intensity running ability and RHIE 

performance. Previous research has shown that performing single-contact efforts 

intermittently with repeated sprints results in greater reductions in running performance 

compared to performing running efforts alone [9]. However, it is unclear what effect multiple 

contact efforts have on movements during small-sided games, as well as the influence 

multiple contacts have on running performance. 

 

With this in mind, the aim of the present study was to examine the influence of performing 

one, two, or three contact efforts in a single bout on movement patterns during small-sided 

games. In addition, the relationships between strength and high-intensity running ability and 

game movements were assessed. It was hypothesised that (1) as the number of contact efforts 

increased, so too would the reductions in high-speed running and (2) the relationship between 

high-intensity running ability and distances covered would decrease as the number of contact 

efforts increased. 

 

4.3.3 Methods 

 

4.3.3.1 Design 

In order to test our hypothesis, a counter-balanced, cross-over experimental design was used. 

Prior to participating in three small-sided games, high-intensity intermittent running ability, 

muscular strength and power were assessed in rugby league players. Global positioning 

system (GPS) microtechnology devices were used to assess movements during the small-

sided games. Players were randomly divided into three groups, and played each small-sided 

game in a counter-balanced fashion over a 10 day period separated by at least 72 hours.  

 

4.3.3.2 Subjects 

Eighteen semi-professional rugby league players (age 23.6 ± 2.8 years; body mass 91.2 ± 8.8 

kg) from the same rugby league club participated in this study. Data were collected during 

weeks 6 and 7 of the pre-season period, with players free from injury. Over the course of the 
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testing period, players were asked to maintain their normal diet. In accordance with the Code 

of Ethics of the World Medical Association (Declaration of Helsinki), players received an 

information sheet outlining experimental procedures; written informed consent was obtained 

from each player. The study was approved by the University’s ethical review board for human 

research. 

 

4.3.3.3 Protocol 

Five and seven days prior to the first small-sided game, players completed tests to determine 

muscular strength and high-intensity intermittent running ability. Each test was performed at 

the start of a separate training session, separated by 72 hours. The 30-15 Intermittent Fitness 

Test (30-15IFT) was used to assess high-intensity intermittent running ability [180]. 

Following habituation, players performed the test on a grass playing surface with players 

wearing training clothes and football boots; the protocol and sensitivity of the 30-15IFT has 

been described previously [180, 181]. Upper- and lower-body muscular strength was assessed 

using a 1 repetition maximum (1RM) bench press and back squat, respectively, using the 

same procedures outlined by Baker and Nance [122]. 

 

4.3.3.4 Small-Sided Games with Contact 

The three games were ‘off-side’ small-sided games, regularly used by rugby league coaches 

during training. Unlike a regular small-sided rugby game, during ‘off-side’ games, the ball 

can be passed in any direction (i.e. to ‘off-side’ players). Within each of the three groups, 

players were divided into two teams of nine players, ensuring an even spread of playing 

positions. Each game consisted of two 10 min halves separated by a 2 min rest interval played 

on a grass training pitch in a standardised (50 m x 80 m) playing area. The ‘off-side’ game 

utilised the same rules as those reported previously [20]. The ‘off-side’ game permitted each 

team to have three ‘plays’ while in possession of the ball. A ‘play’ ended when the player in 

possession of the ball was touched by a defender with two hands. The ball was turned over 

when the attacking side had completed three ‘plays’, or if an error was committed. Every 2 

min of each game players performed a contact bout (eight contact bouts in total), with players 

allowed 5 s to find their partner. The only difference between the three games was the number 
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of wrestles in each contact bout. In game 1, players performed a single contact effort each 

bout (8 in total); game 2 involved two contact efforts each bout (16 in total); game 3 involved 

3 contact efforts each bout (24 in total). From a standing position, the players were asked to 

perform a single shoulder contact, before being given 5 s to wrestle their partner onto their 

back. In games 2 and 3 when players performed multiple contacts, each 5 s contact was 

separated by 2 s of rest. All players received coaching on wrestling techniques as part of their 

training and were familiar with this contact drill. Similar simulated contacts have good 

reproducibility in rugby league players [9]. After each contact period, the game resumed. 

Other than the number of contact bouts, there was no difference in the rules, verbal 

encouragement, pitch size, player number, or match duration between games.  

 

4.3.3.5 Global Positioning System Analysis 

Game movements were assessed using GPS microtechnology devices. The GPS units sampled 

at 10 Hz (Team S4, Catapult Sports, VIC, Australia) and included 100 Hz tri-axial 

accelerometers and gyroscopes to provide information on collisions. Data were downloaded 

to a laptop (Acer Aspire 2930, Acer, UK) and subsequently analysed (Sprint, Version 5.1.1, 

Catapult Sports, VIC, Australia). Data were categorised into low-speed activity (0-3.5 m·s
-1

), 

moderate-speed running (3.6-5.0 m·s
-1

) and high-speed running (≥5.1 m·s
-1

).[2] Data were 

divided into 5 min blocks for analysis in order to determine the changes in running 

performance during each game. Player Load™ Slow (<2 m·s
-1

) was used to determine the 

load associated with the non-running components (i.e. physical contact) of the games [167]. 

These units offer valid and reliable estimates of movements common in rugby league [160, 

164]. 

 

4.3.3.6 Statistical Analyses 

Due to the varying length of each contact period (single-contact = 10 s [5 s to find partner; 1 x 

5 s wrestle]; double-contact = 17 s [5 s to find partner; 2 x 5 s wrestle; 1 x 2 s rest]; triple-

contact = 24 s [5 s to find partner; 3 x 5 s wrestle; 2 x 2 s rest]) only active playing time (less 

the contact periods) was analysed; distances covered were expressed relative to ball in play 

time. Pearson’s product moment correlation coefficient was used to determine the 
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relationships between physical qualities and movements during each game, correlations from 

0.1-0.30, 0.31-0.50, 0.51-0.70, and > 0.71 were deemed small, moderate, large and very large 

respectively [176]. The practical meaningfulness of any differences in movement demands 

between the three games was determined using magnitude based inferences. The likelihood 

that changes in the dependent variables were greater than the smallest worthwhile change was 

calculated as a small effect size of 0.20 x the between subject standard deviation. Thresholds 

used for assigning qualitative terms to chances were as follows: <1% almost certainly not; 

<5% very unlikely; <25% unlikely; <50% possibly not; >50% possibly; >75% likely; >95% 

very likely; ≥99% almost certain [174]. The magnitude of difference was considered 

practically meaningful when the likelihood was ≥75%. Secondly, magnitudes of change in the 

dependent variables were assessed using Cohen’s effect size (ES) statistic [175]. Effect sizes 

(ES) of 0.20-0.60, 0.61-1.19, and ≥1.20 were considered small, moderate and large 

respectively [176]. Data are reported as means ± 95% confidence intervals (CI); the 

significance level was set at p<0.05. 

 

4.3.4 Results 

The group means for the 30-15IFT, back squat 1RM, and bench press 1RM were 19.1 ± 1.2 

km·h
-1

; 154.0 ± 21.5 kg; and 124.0 ± 15.0 kg, respectively.  

 

The average relative distance covered during the first and second halves of each game is 

presented in Figure 4.4. There was little difference for whole game relative distance between 

the single-, double- and triple-contact games (ES = 0.21 to -0.57). There was no difference in 

the relative distance covered between games during the first half (ES = 0.27 to -0.34). There 

were only small changes in relative distance from first half to second half in the single- (ES = 

-0.43 ± 1.0; likelihood = likely, 83%) and double-contact games (ES = -0.51 ± 1.0; likelihood 

= likely, 90%), and moderate reductions in the triple-contact game (ES = -1.07 ± 1.0; 

likelihood = very likely, 99%).  The relative distance covered in the second half of the double- 

(ES = -0.61 ± 1.0; likelihood = likely, 95%) and triple-contact (ES = -0.69 ± 1.0; likelihood = 

very likely, 96%) games was moderately lower than the second half of the single-contact 

game. 
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Figure 4.4. Relative distance covered during each half of the single, double, and triple-contact 

game. M
h
 Denotes a moderate effect size difference (0.61-1.19) between first and second half.  

M
g
 Denotes a moderate effect size difference between the second halves compared to the 

single-contact game. Data are presented as means ± SD. 

 

Changes in relative distances covered during each game are presented in Figure 4.5. During 

the single-contact game, there was little change in playing intensity with only moderate 

reductions in relative distance during the final 5 min (16-20 min) (ES = -0.73 ± 1.0; likelihood 

= likely, 96%). In the double-contact game, there were moderate reductions in relative 

distance during the 6-10 min (ES = -0.85 ± 0.78; likelihood = very likely, 96%) and 11-15 

min periods (ES = -0.97 ± 0.83; likelihood = very likely, 98%), and large reductions in the 15-

20 min period (ES = 1.93 ± 1.0; likelihood = almost certain, 100%). There was little change in 

low-speed activity (ES = 0.08 to -0.52) and moderate-speed running (ES = -0.18 to -0.48) in 

the double-contact game, and large reductions in high-speed running during 6-10 min period 

(High-speed: ES = -1.24 ± 1.0; likelihood = very likely, 98%). In the triple-contact game, 

there were small reductions in relative distance during 6-10 min (ES = -0.48 ± 1.0; likelihood 

= likely, 87%), and large reductions during the 11-15 min (ES = -1.26 ± 1.0; likelihood = 
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almost certain, 100%), and 16-20 min periods (ES = -1.28 ± 1.0; likelihood = almost certain, 

100%). There were moderate reductions in low-speed activity during the 6-10 min (ES = -

0.81 ± 1.0; likelihood = very likely, 98%) and 11-15 min (ES = -1.14 ± 1.0; likelihood = 

almost certain, 100%). Reductions in moderate-speed running were seen during the final 10 

min (11-15 min: ES = -0.67 ± 1.0; likelihood = likely, 88%; 16-20 min: ES = -1.24 ± 1.0; 

likelihood = almost certain, 100%) of the triple-contact game. There was large reductions in 

high-speed running during 16-20 min (ES = -1.52 ± 1.0; likelihood = almost certain, 100%).  
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Figure 4.5. Percentage change in (A) relative distance; (B) low-speed activity; (C) moderate-

speed running; and (D) high-speed running compared with the 0-5 min period during the 

single, double, and triple-contact games. M
g
 Denotes a moderate effect size difference (0.61-

1.19) from the single-contact game. L
b
 Denotes a large effect size difference (≥1.20) from 0-5 

min. Data are presented as means ± SE. 
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Player Load™ Slow increased with the contact demands of each game (Figure 4.6). Player 

Load™ Slow was greater in the triple-contact game than the single-contact game during each 

5 min period (ES = 0.68 to 1.00; likelihood = likely to almost certain, 88-100%), and greater 

than the double-contact game in the 0-5 min period (ES = 0.74 ± 1.0; likelihood = very likely, 

96%). There was only small reductions in Player Load™ Slow during the single- and double-

contact games (ES = -0.11 to -0.18). In the triple-contact game, there were moderate (ES = -

0.65 ± 1.0; likelihood = likely, 86%) and small reductions during the 6-10 and 11-16 min 

periods respectively, and large reductions in the final 5 min period (ES = -1.29 ± 1.0; 

likelihood = almost certain, 100%). 
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Figure 4.6. Percentage change in Player Load™ Slow compared to the 0-5 min period during 

the single, double, and triple-contact games.  M
g
 Denotes a moderate effect size difference 

(0.61-1.19) from the single-contact game. L
b
 Denotes a large effect size difference (≥1.20) 

from baseline. Data are presented as means ± SE. 
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The relationships between high-intensity running ability (30-15IFT) and lower- (Squat 1RM) 

and upper-body (Bench 1RM) muscular strength are highlighted in Table 4.3. Lower- and 

upper-body strength were not associated with distances covered during any of the games 

(p>0.05). Performance on the 30-15 IFT was negatively associated with low-speed distance in 

the single-contact game and positively associated with moderate- and high-speed running on 

the single and double-contact game. 30-15IFT performance was not associated with distances 

covered in the triple-contact game. As the number of contact efforts increased in each game, 

the relationship between 30-15 IFT performance and relative running distance covered during 

the games decreased. 
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Table 4.3. Relationship among physical qualities and distances covered at low, moderate, and high-speeds during the three small-sided 

games. † 

 Distance Low-speed activity Moderate-speed activity High-speed running 

 Single Double Triple Single Double Triple Single Double Triple Single Double Triple 

30-15IFT 0.33 -0.28 0.41 -0.57* -0.28 0.31 0.57* 0.47* 0.18 0.72** 0.75* 0.20 

Squat 1RM 0.13 0.10 0.17 -0.20 -0.08 0.29 0.10 0.13 -0.19 0.38 0.33 0.01 

Bench 1RM 0.25 0.19 0.27 -0.04 0.11 0.22 0.10 0.03 0.01 0.36 0.27 0.11 

† Data are presented as Pearson’s product moment correlation coefficients. * Denotes significant at the 0.05 level; ** denotes 

significant at the 0.01 level. Single = single-contact game; Double = double-contact game; Triple = triple-contact game. Low-speed 

activity = 0-3.5 m·s
-1

; moderate-speed running = 3.6-5.0 m·s
-1

; high-speed running = ≥5.1 m·s
-1

. 30-15 IFT = 30-15 Intermittent Fitness 

Test; 1RM = 1 repetition maximum. 
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4.3.5 Discussion 

The aim of this study was to determine the influence the number of contact efforts in a single 

bout had on running performance during small-sided games, as well as assessing the 

relationships between physical qualities and distances covered in each game. The findings of 

our study confirmed our hypotheses; as the number of contact efforts increased, there were 

greater reductions in high-speed running and weaker relationships between high-intensity 

running ability and distances covered during each game. This study demonstrates that making 

players perform multiple contact efforts in close proximity to one another causes greater 

reductions in high-speed running. In addition, high-speed running ability appears important 

for performance when contact demands are low, however as the contact demands increase; 

high-intensity running ability and performance dissociate. Developing high-intensity running 

ability alone is likely to leave players underprepared for the most intense contact and running 

demands of competition. 

 

There was little change in relative distance covered during the single-contact game, whereas, 

when players performed two or three contacts in each bout, there were greater reductions in 

game intensity. The addition of single contact efforts to running activities results in greater 

reductions in repeated-sprint performance [9] and low-speed distance during small-sided 

games [20]. However, in match-play, players are often required to perform multiple contact 

bouts in quick succession [25, 76]. The present investigation highlights that when players are 

required to perform multiple contact efforts in succession, there are greater reductions in 

running performance.  

 

Of interest is that although there were large differences between the single and multiple 

contact games (i.e. single vs. double and triple), there were more subtle differences between 

the multiple contact games (i.e. double vs. triple). The largest reductions in relative distance 

between the first and second half were seen in the triple-contact game, followed by the 

double-contact game. The reductions in relative distance observed in the double-contact game 

were largely brought about by decreased distances covered at high-speed, whereas in the 

triple-contact game, the reductions in relative distances occurred due to a combination of 
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reduced low-speed activity as well as moderate- and high-speed running. However, in the 

double-contact game, there was an initial large reduction in high-speed running during the 6-

10 min period before attenuating this reduction, preventing no further deterioration in high-

speed running beyond the 6-10 min period. Conversely, the triple-contact game showed 

progressive reductions in high-speed running as the game advanced, culminating in large 

reductions in the final 5 min period. There are several possible explanations for the greater 

reductions in relative distance, and high-speed running in particular, observed during the 

multiple contact games. Firstly, players may prioritise the contact efforts, over the running 

efforts of the game [20], allowing them to preserve energy and finish the game in a reasonable 

physical state. Despite this potential strategy, the large reduction in high-speed running 

observed in the final 5 min of the triple-contact game suggest significant player fatigue [20, 

177]. In the double-contact game, the initial greater distance covered at high-speed before 

reducing to levels similar to the triple- and single-contact games is indicative of a variable 

pacing strategy and transient fatigue [13, 85]. Although players are likely to adopt some kind 

of pacing strategy, it is important to consider that contextual factors (e.g. line breaks, points 

scored) during each game may also influence the observed results. Moreover, it is worth 

noting that players regularly performed the single contact games during training, but were less 

familiar with the triple contact game. Prior knowledge of an event appears important for 

setting an appropriate pacing strategy [13]. Therefore, due to limited exposure to the multiple 

contact games, players may have set an inappropriate pacing strategy that resulted in high 

levels of fatigue towards the end of the game and subsequent reductions in high-speed 

running during the final 5 min. This information highlights that when players are required to 

perform multiple contact efforts in quick succession, there is significant fatigue induced. 

There are greater performance reductions towards the end of the game with an increased 

contact demand (i.e. in the triple-contact game). It can be argued that players need to be 

exposed to these extreme contact and running demands regularly in order for them to develop 

appropriate conditioning and pacing strategies to minimise the development of fatigue. 

 

Player Load™ Slow was used to estimate the non-running components of each game. Player 

Load™ Slow was greater in the double- and triple-contact games compared to the single-

contact game. The greatest Player Load™ Slow was observed in the first 5 min of the triple-
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contact game and only showed small reductions in the subsequent periods, before a moderate 

reduction in the final 5 min of the game. The greater Player Load™ Slow observed in the 

multiple contact games suggests that there was a greater non-running component (and 

potentially contact load) associated with these games. Indeed, the greater contact load 

imposed on players would partially explain the greater reductions in running performance 

seen in these two games. The changes in Player Load™ Slow during each game were smaller 

than the reductions in running over each game. Potentially, players prioritised energy towards 

performing the contact efforts over running efforts, which supports previous research.[20] 

Alternatively, Player Load™ Slow may not be as sensitive to changes in performance as the 

running metrics, although standardised differences, such as ES should be used to determine 

this. It is important to assess the non-running or contact demands of training and competition 

as opposed to assessing distances covered, in isolation. 

 

High-intensity running ability was positively associated with moderate-speed and high-speed 

running during the single and double-contact games, and negatively associated with low-

speed activity during the single-contact game (Table 9). However, there was no association 

with distances covered during the triple-contact game. Lower- and upper-body strength were 

not associated with distances covered during any of the games. These results suggest that 

when the contact demands are low, high-speed running ability is closely linked to distances 

covered at moderate- and high-speeds. The relationship between high-intensity running ability 

and distance covered diminished as the contact demands increased, which is consistent with 

the findings of others [24, 28]. Although well-developed high-intensity running ability is 

important for performance and success in rugby league [28], solely developing this quality is 

likely to leave players underprepared for the most intense contact and running demands of 

competition.  

 

4.3.6 Conclusions 

When players engage in a single-contact effort in a contact bout, they are able to maintain 

running performance close to baseline, but when multiple contact efforts are performed in the 

same contact bout, there are large reductions in running performance. Although the reductions 
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in performance were similar between the double- and triple-contact games in the present 

study, there was a greater reduction in performance in the triple-contact game, especially the 

final 5 min. Players appeared to prioritise contact efforts over running efforts, highlighted by 

smaller reductions in Player Load™ Slow; this may reflect the fact that physical contact is 

central to success in rugby league. There were strong relationships observed between 30-

15IFT and running performance in the single and double-contact games, but not in the triple-

contact game. This suggests that high-intensity running ability is closely linked to running 

performance when contact demands are low, but this relationship weakens as contact demands 

increase. As such, developing running qualities alone are likely to leave players 

underprepared for the most intense contact and running demands of competition. It is 

important to note that skill performance was not assessed in the present study. Whilst contact 

clearly impacts on physical performance, it would be interesting to determine the influence 

physical contact has on skill execution in rugby league players. In addition, the active playing 

time was different in each game, which may affect the opportunities to perform high-speed 

activity in the double and triple contact games. Future research could normalise active playing 

time to allow for more direct comparisons between games. 

 

4.3.7 Practical Applications 

 Developing running fitness alone does not prepare players for the intense contact and 

running demands of competition. 

 Performing multiple contact efforts in quick succession is physically demanding for 

players and results in greater reductions in running performance. In order to minimise 

these reductions, coaches should develop drills that replicate the most intense contact 

demands of competition whilst requiring players to maintain running performance.  

 Targeting players in attack so they perform at least two consecutive contact efforts is 

likely to result in greater reductions in running performance.  
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4.4 Study 4: Pacing strategies adopted during an intensified team sport 

competition depend on playing standard and physical fitness 

 

 

This study has been accepted for publication following peer review.  Full reference details 

are: 

Johnston RD, Gabbett TJ, and Jenkins DG. Pacing strategies adopted during an intensified 

team sport competition depend on playing standard and physical fitness. Int J Sports Physiol 

Perform, 2015, March 10. 
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4.4.1 Abstract 

The purpose of this study was to assess the influence of playing standard and physical fitness 

on pacing strategies during a junior team sport tournament. A between-group, repeated 

measures experimental design was used. Twenty-eight junior team sport players (age 16.6 ± 

0.5 years; body mass 79.9 ± 12.0 kg) from a high-standard and low-standard team, 

participated in a junior rugby league tournament, competing in 5 games over 4 days (4 x 40 

min and 1 x 50 min game). Players wore global positioning system microtechnology during 

each game to provide information on match activity profiles. The Yo-Yo intermittent recovery 

test (level 1) was used to assess physical fitness prior to the competition. High-standard 

players had an initially higher pacing strategy than the low-standard players, covering greater 

distances at high- (ES = 1.32) and moderate-speed (ES = 1.41) in game 1, and moderate-speed 

(ES = 1.55) in game 2. However, low-standard players increased their playing intensity across 

the competition (ES = 0.57 to 2.04). High-standard/high-fitness players maintained a similar 

playing intensity, whereas high-standard/low-fitness players reduced their playing intensities 

across the competition. Well-developed physical fitness allows for a higher intensity pacing 

strategy that can be maintained throughout a tournament. High-standard/low-fitness players 

reduce playing intensity, most likely due to increased levels of fatigue as the competition 

progresses. Low-standard players adopt a pacing strategy that allows them to conserve energy 

to produce an ‘end-spurt’ in the latter games. Maximising endurance fitness across an entire 

playing group will maximise playing intensity and minimise performance reductions during 

the latter stages of a tournament. 
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4.4.2 Introduction 

Pacing describes the efficient use of energy resources during exercise so that all available 

energy is used without compromising performance or physiological failure of any one 

physiological system before the cessation of the event [168]. It is believed that pacing 

strategies are controlled at both the conscious and subconscious level [170]. Prior to exercise, 

athletes will set a pacing strategy (or intensity) based on previous knowledge of the event 

[13]. Throughout exercise, sensory information from the muscles, cardiovascular system and 

other receptors influence centrally controlled conscious decisions to either increase, decrease, 

or maintain exercise intensity [170]. It is well documented that athletes from ‘continuous’ 

sports use pacing strategies [13]. In team sports however, the stochastic nature of match-play 

and continually changing contextual factors (e.g. covering a line break) make a closely 

controlled pacing strategy more difficult to implement. Despite this, players appear to employ 

pacing strategies to manage energy in order to prevent excessive threats to homeostasis and 

complete game tasks whilst remaining in a reasonable physical state [16, 170]. Indeed, 

research from sports such as rugby league [15, 16], Australian rules football [17, 18], and 

soccer,[19] have shown players modify their activities as a match progresses; they reduce 

‘non-essential’ low-speed activities to preserve energy for the completion of high-intensity 

efforts (e.g. high-speed running, sprinting, and tackling) [17, 18, 20]. It is clear that numerous 

factors influence pacing strategies during self-paced events, including changes in core 

temperature [18, 21], knowledge of exercise end-point [14], bout duration [16, 22], match 

outcome [15], substrate availability [12], and match activities [20]. Despite this there are 

currently a number of unknowns, such as whether tournaments or periods of congested 

fixtures, playing standard and physical fitness influence pacing strategies employed by 

players.  

 

Players from a wide range of team sports regularly compete in tournaments where they are 

required to play a number of games within a short period of time [29, 150]. Whilst pacing 

strategies during single games have been examined, no study has explored the pacing 

strategies employed during periods of congested fixtures or tournaments. These pacing 

strategies may differ to those seen during regular competition; players may adjust match 

activities in an attempt to minimise post-match fatigue that are linked to reductions in 
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physical and technical match activities [30, 150]. Previous work found that senior players 

adopted an even-paced strategy across a tournament despite reductions in high-speed running 

[30]. Junior players on the other hand, show reductions in overall match-intensity with 

reduced high- and low-speed activity across a tournament [150]. A potential reason for this 

could be that junior players are likely to have less experience of such competitions and 

therefore may be unaware of the appropriate pacing strategy to adopt. Alternatively, or in 

addition to, these players may be physically under-developed so are unable to reproduce 

match activities with such limited recovery. Despite this, both of these studies were conducted 

in single teams and therefore did not take into account how playing standard or physical 

fitness may affect pacing strategies.  

 

In semi-elite players, both successful and less-successful teams show reductions in overall 

running intensity in the second-half of matches, with little difference between teams [72]. 

During a junior rugby league tournament, match intensity has been shown to increase with 

playing standard [60], but as tournament averages were only reported, it is unclear how 

intensities changed between games are therefore, any information on potential pacing 

strategies employed. As such, it is still unclear if pacing strategies are influenced by playing 

standard during tournaments or periods of congested fixtures.  

 

Research from team sports has highlighted the close link between physical fitness and match 

activity profiles [28, 139, 182]. In rugby league [28, 139] and soccer [182], well-developed 

high-intensity running ability results in more total and high-speed distance during match-play. 

Despite this, the influence of physical fitness on activity profiles and pacing strategies during 

a tournament are unknown. With this in mind, the aim of this study was to determine whether 

the between-match pacing strategy employed during a junior rugby league tournament 

differed based on playing standard and physical fitness. It was hypothesised that (1) high-

standard players would adopt a higher pacing strategy across the competition compared with 

low-standard players and (2) as the tournament progressed, players with high-fitness would 

show smaller between match reductions in playing intensity compared with low-fitness 

players. 
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4.4.3 Methods 

 

4.4.3.1 Design 

To test our hypotheses, a between-group, repeated measures experimental design was used. 

Match activity profiles were assessed during a junior rugby league tournament using global 

positioning system (GPS) microtechnology units. Players from two teams competing in the 

top division (high-standard) and bottom division (low-standard) of the competition formed the 

sample for this study. Physical fitness was assessed prior to the tournament using the Yo-Yo 

intermittent recovery rest (IRT) level 1. Based on Yo-Yo IRT performance, a median spilt 

was used to divide players into high- and low-fitness groups to determine the influence of 

physical fitness on between-match pacing strategies during a tournament [78]. Players were 

matched for playing position (forwards and backs) before being divided into experimental 

groups. This ensured that there were an equal number of forwards and backs in each group. 

This provided us with four experimental groups based on Yo-Yo IRT performance: high-

standard/high-fitness, high-standard/low-fitness, low-standard/high-fitness, and low-

standard/low-fitness. The Yo-Yo IRT has the ability to discriminate between starters and non-

starters in rugby league players, suggesting it is a valid measure of physical fitness [24]. 

 

4.4.3.2 Subjects 

Twenty-eight junior rugby league players (age 16.6 ± 0.5 years; body mass 79.9 ± 12.0 kg) 

competing for two different schools in the 2014 Confraternity Shield tournament participated 

in the study. The Confraternity Shield is the largest state-wide school-boy tournament in 

Queensland involving more than 40 schools. One team was competing in the first division of 

the competition, and represented the high-standard team (entire team, n = 15; age 16.6 ± 0.5 

years; body mass 76.9 ± 8.7 kg; high-fitness group, n = 7; age 16.5 ± 0.5 years; body mass 

80.4 ± 8.1 kg; low-fitness group, n = 8; age 16.8 ± 0.5 years; body mass 74.4 ± 8.9 kg), the 

second team was competing in the third division, representing the low-standard team (entire 

team, n = 13; age 16.6 ± 0.5 years; body mass 83.3 ± 14.5 kg; high-fitness group, n = 6; age 

16.5 ± 0.4 years; body mass 79.0 ± 11.5 kg; low-fitness group, n = 7; age 16.8 ± 0.6 years; 

body mass 87.1 ± 16.6 kg). The tournament took place in July, three months into the 

competitive season. All players were free from injury at the time of testing; nutritional intake 
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throughout the competition was prescribed by team management staff of the respective 

schools; water was available ad libitum. Before the study, players attended a familiarisation 

session and received an information sheet outlining experimental procedures, and the 

associated risks and benefits of participation; written informed consent was obtained from 

each player and their legal guardian. The study was approved by the Australian Catholic 

University ethical review board for human research. 

 

4.4.3.3 Protocol 

Ten days prior to the tournament, the Yo-Yo IRT level 1 was used to assess physical fitness 

[183]. The test was performed at 15:00 hrs on a grassed playing surface at the start of a 

training session; players wore studded boots and training kit to complete the test. Players were 

asked to maintain their normal diet and refrain from physical activity during the 24 hours 

prior to the test. Some of the players were unfamiliar with the test so the first two levels of the 

test were incorporated into the warm-up to familiarise players with the test protocol. The 

typical error of measurement (TE) for this test is 4.9% [183].  

 

The first 4 games of the tournament were 40 min (2 x 20 min halves), with the final game 

being 50 min (2 x 25 min halves) in duration. Two games were played on both days 1 and 2, 

no games on day 3 and one game on day 4 totalling 5 games (210 min) over a 4 day period. 

The average temperature, rainfall, and humidity over the competition period were 20.6 ± 2.2 

°C, 0.00 ± 0.00 mm, and 51.0 ± 15.3%, respectively. Only players that competed in at least 

50% of each game were included in the data analysis; two players, both from the low-standard 

team, were excluded from the analysis as they sustained injuries and subsequently did not 

compete in 50% of each game. The high-standard team won 3 from 5 games, scoring 98 

points and conceding 72; the low-standard team won 5 from 5 games, scoring 112 points and 

conceding 52. At the end of each day, the coaching staff of both teams led their players 

through a pool recovery session that involved low-intensity dynamic movements for the 

upper- and lower-body; these sessions lasted approximately 10-15 min.  
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4.4.3.4 Match Activities 

Activity profiles during competition were assessed using GPS analysis. Prior to the warm-up 

before each game, players were fitted with the GPS vest and unit; the unit was switched on, 

and inserted into a padded compartment at the rear of the vest, positioned between the 

shoulder blades.  The GPS units sampled at 10 Hz (Team S4, Catapult Sports, VIC, Australia) 

and included a tri-axial accelerometer and gyroscope sampling at 100 Hz to provide 

information on collisions. Data were downloaded to a laptop (Acer Aspire 2930, Acer, UK) 

and analysed using software provided by the manufacturer (Sprint, Version 5.1.1, Catapult 

Sports, VIC, Australia). Non-playing minutes were omitted from the analysis. Data were 

categorised into low (0-3.5 m·s
-1

), moderate (3.6-5.0 m·s
-1

) and high speed (≥5.1 m·s
-1

) 

movement bands [62]; the number and nature of collisions were categorised as described 

previously [2]. In addition, relative match-speed was calculated for each game by expressing 

relative intensity (m
.
min

-1
) in relation to the final speed reached on the Yo-Yo IRT. Repeated 

high intensity effort (RHIE) bouts were classified as 3 or more maximal acceleration (≥2.78 

m·s
-2

), high-speed, or impact efforts with less than 21 s between each effort [2]. These units 

offer suitable reliability for quantifying movements commonplace in rugby league [160, 164]. 

Additionally, 30 min after each game, rating of perceived exertion (RPE) was recorded using 

a modified RPE scale (CR-10) to rate how hard players perceived each game. The RPE score 

was then multiplied by the number of minutes played to determine session RPE as a measure 

of internal load [172]. This method of assessing internal loads has shown to have appropriate 

levels of validity and reliability (TE = 4.0%) in rugby league players [184].  

 

4.4.3.5 Statistical Analyses 

Differences in activity profiles between the high- and low-standard and high- and low-fitness 

playing groups and changes over time were determined using traditional null hypothesis 

testing, and magnitude based inferences. A three-way group (high- vs. low-standard) x time 

(Game 1 vs. 2 vs. 3 vs. 4 vs. 5) x fitness (High Yo-Yo vs. Low Yo-Yo) repeated measures 

ANOVA (SPSS 19.0, SPSS Inc, Chicago, IL, USA) was used to determine changes in activity 

profiles between playing standards and fitness groups. The significance level was set at 

p<0.05.  Based on the real-world relevance of the results, magnitude based inferences were 

also used to assess the meaningfulness of any differences. Firstly, the likelihood that changes 
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in the dependent variables were greater than the smallest worthwhile change was calculated as 

a small effect size of 0.20 x between subject standard deviation. Based on 90% confidence 

intervals, the thresholds used for assigning qualitative terms to chances were as follows: <1% 

almost certainly not; <5% very unlikely; <25% unlikely; <50% possibly not; >50% possibly; 

>75% likely; >95% very likely; >99% almost certain [174]. The magnitude of difference was 

considered practically meaningful when the likelihood was ≥75%. Secondly, magnitudes of 

change in the dependent variables were assessed using Cohen’s effect size (ES) statistic [175]. 

ES of 0.20-0.60, 0.61-1.19, and ≥1.20 were considered small, moderate and large, 

respectively [176]. Pearson’s product moment correlation coefficient were used to assess the 

relationship between RPE and match activity variables; correlations of 0.1-0.3, 0.31-0.5, 0.51-

0.7, and >0.7 were determined small, moderate, large and very large respectively [176]. Data 

are reported as means ± standard deviation (SD) unless otherwise stated.  

 

4.4.4 Results 

The changes in match activity profiles across the competition for both high- and low-playing 

standards are shown in Figure 4.7 and Table 4.4. There was a non-significant, main effect of 

playing standard (p = 0.058) and game (p = 0.264); however there was a significant group x 

time interaction (p = 0.013) for relative distance. There was a large difference in relative 

distance covered during game 1 and game 2 between playing standards, with high-standard 

players covering greater distances at high- (ES = 1.32; Likelihood = 99%, Very Likely) and 

moderate-speeds (ES = 1.41; Likelihood = 100%, Almost Certain) in game 1, and moderate-

speed (ES = 1.55; Likelihood = 100%, Almost Certain) in game 2. After this point, the high-

standard players maintained a similar playing intensity across each game except for game 5, 

where there was a large reduction in relative distance through reductions in high- (ES = 1.34; 

Likelihood = 99%, Very Likely) and moderate-speed running (ES = 1.22; Likelihood = 99%, 

Very Likely). Conversely, the low-standard players showed a gradual increase in playing 

intensity across each game of the competition (ES = 0.57 to 2.04). This was primarily 

achieved through increases in low-speed activity (ES = 0.55 to 1.79). When the match speed 

was expressed relative to final Yo-Yo speed (Table 4.4), high-standard players had greater 

relative match-speeds in game 1 (ES = 0.75; Likelihood = 90%, Likely) and 2 (ES = 0.74; 

Likelihood = 90%, Likely) and maintained a similar intensity to game 1 across the 
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competition. Low-standard players showed increases in relative match-speed as the 

tournament progressed; in game 5 they had greater intensities than high-standard players (ES 

= 0.92, Likelihood = 95%, Very Likely). There was little change in the frequency of physical 

collisions between games (p = 0.703; Figure 4.7B); there was a greater frequency of physical 

collisions in the high-standard group (p = 0.049), particularly in games 1 (ES = 0.65; 

Likelihood = 93%, Likely) and 2 (ES = 0.88; Likelihood = 93%, Likely) compared with the 

low-standard group. A similar trend was seen for RHIE bouts, with little change in RHIE 

frequency (ES = -0.34 to 0.50) across games in both playing standards (Figure 4.7C). High-

standard players had a greater frequency of RHIE bouts across the first four games of the 

competition (ES = 0.61 to 0.95; p = 0.089). Internal loads were greater in the high-standard 

group across the tournament with large effect size differences in game 2 (ES = 1.40; 

Likelihood = 98%, Very Likely), 4 (ES = 1.81; Likelihood = 100%, Almost Certain), and 5 

(ES = 1.60; Likelihood = 100%, Almost Certain) compared with the low-standard group 

(Table 4.5).  
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Figure 4.7. Changes in (A) relative distance, (B) collisions per minute, and (C) repeated high-

intensity effort bout frequency during each game of the competition in the high-standard and 

low-standard players. Data are presented as means ± SE. Figure 4.7A, L
s
 denotes a large 

effect size difference (≥1.20) between playing standards for the same fixture; L
g
 denotes a 

large effect-size difference from Game 1. Figure 4.7B and C, M
s
 denotes a moderate effect 

size difference (0.61-1.19) between playing standards for the same fixture.
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Table 4.4. Relative match speed as a percentage of the final speed reached on the Yo-Yo Intermittent Recovery 

Test Level 1 during each game of the competition. † 

Group Game 1 (%) Game 2 (%) Game 3 (%) Game 4 (%) Game 5 (%) 

High standard 35 ± 2
b
 35 ± 3

b
 34 ± 3 34 ± 3 33 ± 3

b
 

Low standard 30 ± 9 33 ± 3 34 ± 4 35 ± 5 36 ± 3 

High-standard/high-fitness 36 ± 3 35 ± 3 35 ± 4 35 ± 3
c
 35 ± 3

c
 

High-standard/low-fitness 34 ± 9  34 ± 9 33 ± 8 31 ± 9 31 ± 9 

Low-standard/high-fitness 32 ± 4
d
 33 ± 3

d
 35 ± 3 35 ± 2 36 ± 4

a
 

Low-standard/low-fitness 33 ± 3
d
 32 ± 3

d
 34 ± 5 35 ± 6 36 ± 3 

† Data are presented as means ± SD.
 a

 Denotes a large effect size (≥1.20) difference from Game 1; 
b
 denotes a 

moderate effect size (0.61-1.19) difference from low-standard; 
c
 denotes a moderate effect size difference from 

low-fitness players; 
d
 denotes a moderate effect size difference from high-standard/high-fitness players. 

 

Table 4.5. Internal loads for each game of the tournament. †  

Group Game 1 (AU) Game 2 (AU) Game 3 (AU) Game 4 (AU) Game 5 (AU) 

High standard 160 ± 64
 
 147 ± 54

b
 167 ± 93

 
 198 ± 45

b
 219 ± 62

b
 

Low standard 111 ± 49 82 ± 37 95 ± 56 106 ± 55 126 ± 54 

High-standard/high-fitness 143 ± 61 170 ± 38
 
 224 ± 43

c
 226 ± 34

c
 242 ± 76 

High-standard/low-fitness 169 ± 71 144 ± 48 168 ± 49 153 ± 67 221 ± 79 

Low-standard/high-fitness 107 ± 48 81 ± 29 118 ± 66 139 ± 80 116 ± 22 

Low-standard/low-fitness 104 ± 47 84 ± 45 101 ± 57 94 ± 44 116 ± 24 

† Data are presented as means ± SD. Internal load = rating of perceived exertion x playing minutes. 
a
 Denotes a 

large effect size (≥1.20) difference from Game 1; 
b
 denotes a large effect size (≥1.20) difference from low-standard; 

c
 denotes a large effect size (≥1.20) difference from low-fitness players. 
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Players from each standard were divided into high- and low-fitness groups and the results are 

shown in Figure 4.8 and Table 4.4. High-standard/high-fitness players maintained overall 

match playing intensity across the competition despite moderate reductions in moderate-speed 

running in game 3 (ES = -1.00; Likelihood = 86%, Likely) and 5 (ES = -1.10; Likelihood = 

91%, Likely), and a large reduction in high-speed running in game 2 (ES = -1.30; Likelihood 

= 90%, Likely). Conversely, high-standard/low-fitness players showed reductions in overall 

playing intensity in games 2 (ES = -1.29; Likelihood = 94%, Likely), 3 (ES = -0.76; 

Likelihood = 68%, Possibly), 4 (ES = -1.37; Likelihood = 97%, Likely), and 5 (ES = -1.87; 

Likelihood = 100%, Almost Certain), primarily through reductions in low-speed activity (ES 

= -0.68 to -0.74) and high-speed running (ES = -0.63 to -0.78). This translated to small 

reductions in relative match-speed (ES = -0.30 to -0.41) in games 4 and 5 of the competition, 

which were moderately lower than the relative match-speeds of high-standard/high-fitness 

players in games 4 (ES = -0.65; Likelihood = 79%, Likely) and 5 (ES = -0.62; Likelihood = 

76%, Likely). The internal loads across the tournament were greater in the high-

standard/high-fitness group, with large differences in games 3 (ES = 1.23; Likelihood = 90%, 

Likely) and 4 (ES = 1.36; Likelihood = 94%, Likely).  

 

There were very large correlations between session RPE and average total distance during the 

tournament in the high-standard/low-fitness (r = 0.924), in the low-standard/high-fitness (r = 

0.965), and the low-fitness/low-standard group (r = 0.796), but only a small correlation in the 

high-standard/high-fitness group (r = 0.208). In contrast to their high-standard counterparts, 

low-standard players demonstrated gradual increases in playing intensity across each game of 

the competition (Figure 4.8A & Table 4.4). Low-standard/high-fitness players largely 

increased playing intensity through low-speed activity (ES = 0.41 to 1.42), and high-speed 

running (ES = 0.13 to 1.05), translating to gradual increases in relative match-speeds (ES = 

0.30 to 1.22). Whilst low-standard/low-fitness players also showed increases in overall 

playing intensity (albeit smaller than the high-fitness players), across the competition (ES = 

0.36 to 1.46), these were primarily brought about via increases in low-speed activity (ES = 

0.09 to 0.89) and moderate-speed running (ES = 0.10 to 0.98). This was reflected in small to 

moderate increases in relative match-speed (ES = 0.34 to 1.19) as the tournament progressed. 

Both low-standard/high- and low-standard/low-fitness players had moderately lower relative 
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match-speeds than the high-standard/high-fitness players in game 1 (ES = -1.05 and -1.03) 

and 2 (ES = -0.78 and -1.11). There was little difference in internal loads between fitness 

groups in the low-standard players (ES = 0.06 to 0.43). With regards to the frequency of 

collisions, there was little change across the competition for the majority of players (Figure 

4.8B). However, there were moderate reductions in game 2 (ES = -0.72; Likelihood = 89%, 

Likely), 3 (ES = -0.77; Likelihood = 86%, Likely), and 5 (ES = -0.63; Likelihood = 74%, 

Possibly), in the high-standard/low-fitness players. There was also little change in RHIE bout 

frequency across the competition (Figure 4.8C), with only moderately greater frequency in 

game 4 for high-standard/high-fitness players (ES = -0.91 Likelihood = 60%, Possibly) and 

game 3 for low-standard/high-fitness players (ES = -0.91; Likelihood = 84%, Likely). 
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Figure 4.8. Changes in (A) relative distance, (B) collisions per minute, and (C) repeated high-

intensity effort bout frequency during each game of the competition in the high-standard and 

low-standard players divided into high- and low-fitness groups. Data are presented as means ± 

SE. L
g
 denotes a large effect size difference (≥1.20) from Game 1; M

g
 denotes a moderate-

effect size difference (0.61-1.19) from Game 1.  
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4.4.5 Discussion 

The aim of this study was to assess pacing strategies used during a junior team sport 

tournament and establish whether these pacing strategies were influenced by playing standard 

and physical fitness. This study showed that high-standard players adopt an initially higher 

pacing strategy than their low-standard counterparts, which they can largely maintain across 

the competition before showing a slight reduction in the final game. This reduction in 

performance appears to be largely due to a decreased playing intensity in the low-fitness 

players, whereas the high-fitness players showed little reduction in playing intensity and a 

more even-paced strategy across the tournament. Conversely, low-standard players appear to 

utilise a slow-start or negative pacing strategy whereby they begin the competition with a low 

playing intensity, which gradually increases as the tournament progresses [13]. This pacing 

strategy is apparent in both low-standard fitness groups but is more pronounced in the high-

fitness players. The results of this study demonstrate that well-developed fitness is related to a 

higher intensity pacing strategy and a better maintenance of playing intensity during periods 

of congested fixtures, such as tournaments. 

 

The high-standard/high-fitness players were able to maintain overall playing intensity during 

each game of the tournament, suggesting an even-paced pacing strategy was used [13]. 

However, there were reductions in moderate- and high-speed running during some of the 

games, indicative of fatigue [85]. Despite this potential fatigue, high-standard/high-fitness 

players were able to increase low-speed activity during these games in order to maintain 

overall playing intensity. Moreover, they were able to maintain the frequency of RHIE bouts 

and physical collisions, which are known to be particularly fatiguing events [9, 20]. This may 

be due to the players being aware that performing RHIE bouts and tackles is central to the 

outcome of the game [25] and therefore prioritised energy towards the maintenance of these 

high-intensity efforts as opposed to running efforts. The high-standard/low-fitness players 

showed larger reductions in performance with moderate to large reductions in playing 

intensity in games 2-5, resembling an all-out or positive pacing strategy [13]. It is likely that 

the low-fitness players attempted to maintain a similar match-intensity to the high-fitness 

players early in the tournament but were unable to reproduce this intensity in subsequent 

games and therefore reduced match intensity as a self-preservation strategy in order to prevent 
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catastrophic failure of any physiological system [12, 185]. These reductions in match intensity 

were initially brought about by reductions in low-speed activity, which may have been a 

conscious pacing strategy in an attempt to maintain important high-intensity actions [18, 19]. 

Despite this, in the final 2 games of the competition, low-fitness players demonstrated 

reductions in high-speed running, once again indicative of fatigue [85]. In addition, these low-

fitness players demonstrated moderate reductions in the number of collisions during games 2, 

3, and 5, which may have influenced the match outcomes [25]. This could be due to these 

players exhibiting greater fatigue responses due to poorly developed physical fitness which in 

turn results in greater reductions in activity profiles [139]. In addition, depleted muscle 

glycogen stores could also have contributed to the reduction in relative intensity and match-

running profiles [12], although given the greater relative match-speeds across the high-fitness 

group, it is likely that substrate availability was similar between players. It appears that when 

low-fitness players are exposed to high-intensity match-play, they attempt to simply complete 

the game rather than make an impact by elevating their work rates.  

 

Both the low- and high-fitness players from the low-standard group set a different pacing 

strategy to the high-standard players with an increase in overall playing intensity as the 

competition progressed, indicative of a slow-start or negative pacing strategy [13, 186]. They 

began the first game of the competition with a very low playing intensity in comparison to the 

high-standard group; by game 5, there was little difference in playing intensity between 

standards. This is reflected by lower relative speeds than the high-standard/high-fitness group 

in games 1 and 2 before similar relative speeds in the remaining games. Both high- and low-

fitness players showed the same pacing strategy across the tournament, although, the increase 

in intensity was more pronounced in the high-fitness group. Low-fitness players increased 

playing intensity through elevations in low-speed activity and moderate-speed running, 

whereas the high-fitness group achieved this through increased low-speed activity and high-

speed running. It is difficult to explain exactly why these players would adopt this particular 

pacing strategy, but it could be linked to their physical capabilities. Low-standard players, 

both high- and low-fitness, had poorer Yo-Yo IRT scores than their high-standard 

counterparts. As such, it could be that they originally set a low-intensity pacing strategy so 

they could complete the early games whilst conserving energy, allowing for increased work-
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rates in the later games on the competition rather than induce excessive fatigue which could 

lead to the failure of a single physiological system [13, 170]. There was little change in the 

RHIE and collision demands of each game, although they were less frequent than in the high-

standard group, which is in accordance with previous research [60]. Taken together, players 

who have poorly developed physical fitness appear to adopt a slow-start pacing strategy 

where they can conserve energy early in the tournament in order to allow for increased work-

rates as the competition progresses. 

 

One interesting finding from this study was the association between session RPE and average 

total distance across the tournament. There were very large, positive correlations with each 

playing group and fitness levels, except in the high-standard/high-fitness group, suggesting a 

disconnect between perceived exertion and distance covered as physical fitness increased. 

Lovell et al., [88] previously reported strong correlations between total distance and RPE 

during rugby league training, but did not take into account physical fitness. Previous research 

has suggested that RPE increases as a scalar function of distance covered, [187] whilst this 

appeared to be the case for most of the fitness groups, it was not for the high-standard/high-

fitness group. Given that RPE appears to closely control work rates during exercise, [12] this 

apparent disconnect in the high-standard/high-fitness players may explain why these players 

were able to maintain work rates across the competition. It may be that due to increased 

physical fitness, these players are able to tolerate a greater volume of work and discomfort 

without similar increases in perceived effort.  

 

4.4.6 Conclusions 

This is the first study to investigate the impact of physical fitness and playing standard on 

pacing strategies during a 4-day junior team sport tournament. The results of this study 

demonstrate that well-developed physical fitness allows for a higher pacing strategy that can 

be maintained throughout a tournament. High-standard players with poorly-developed 

physical fitness will initially reduce low-speed activities in an attempt to maintain high-

intensity activity throughout the competition. However, this pacing strategy is insufficient and 

reductions in performance are seen during the latter stages of the competition. Low-standard 
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players appear to adopt a pacing strategy that allows them to preserve energy in order to 

produce an ‘end-spurt’ towards the end of the competition. As such, coaching staff should aim 

to develop fitness across their entire playing group in order to maximise playing intensity and 

minimise performance reductions during the latter stages of a tournament. There are some 

limitations to the present study that warrant discussion. Firstly, the two teams in the study 

competed against different teams across each game of the competition. As such, contextual 

factors (e.g. possession, points scored) within each game could influence the findings of this 

study. Secondly, whilst we assessed between-game pacing strategies, within- game pacing 

was not assessed; this is an area for future research. Thirdly, whilst players within each side 

were provided food throughout the tournament by their respective management staff, there 

may have been some differences between the nutritional intakes of the high- and low-standard 

teams. Finally, the sample size of each group in this study was small and therefore the results 

may not be representative of the population. It is also important to note that whilst 

approximately 75% of the players had previously competed in this tournament there were 

some players who would not have been exposed to this previously, as such this may have 

influenced their ability to set an effective pacing strategy throughout the tournament. This 

study only assessed between-match pacing strategies; future research should aim to assess the 

influence of physical fitness on within-match or micro-pacing strategies. Despite these 

limitations, it is important to acknowledge the ecological validity of this study and the novelty 

of investigating the impact of physical fitness and playing standard on pacing strategies 

during congested fixtures. 

  

4.4.7 Practical Applications 

 Players with poorly developed physical fitness should be identified early in the season 

to allow sufficient time for these shortfalls to be addressed.  

 The performance of a high-standard team can be compromised by sub-standard 

physical fitness in a select few players.  

 Players with poor-physical fitness appear to preserve energy in order to be able to 

complete games through a tournament.  
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5.1 Study 5: Influence of an intensified competition on fatigue and match 

performance in junior rugby league players 

 

 

This study has been accepted for publication following peer review.  Full reference details 

are: 

Johnston RD, Gabbett TJ, and Jenkins DG. Influence of an intensified competition on fatigue 

and match performance in junior rugby league players. J Sci Med Sport, 2013, 16: 460-5. 
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5.1.1 Abstract 

The purpose of this study was to assess the physiological responses to an intensified rugby 

league competition and explore the relationships between fatigue and match performance. 

Prospective cohort experimental design was used. Fifteen junior rugby league players (n = 8 

forwards, 7 backs; mean ± SE, age 16.6 ± 0.2 years; body mass 81.6 ± 3.0 kg; and height 

178.9 ± 1.8 cm) competed in five 40 minute games over five days, (two games each on days 1 

and 2, one game on day 4, and no games on days 3 and 5). Over the competition, players 

performed a countermovement jump to assess neuromuscular fatigue, provided a fingertip 

blood sample to measure blood creatine kinase, and completed a questionnaire to monitor 

perceived wellbeing; ratings of perceived effort were recorded following each game. Global 

positioning system and video analysis of each game were used to assess match performance. 

Over the first three days, there were progressive and large increases in neuromuscular fatigue 

which peaked 12 hr after game 4 (forwards ES = 4.45, p = 0.014; backs ES = 3.62, p = 0.029), 

and muscle damage which peaked 1 hr post game 4 (forwards ES = 4.45, p = 0.004; backs ES 

= 3.94 p = 0.012), as well as reductions in perceived wellbeing. These measures gradually 

recovered over the final two days of the competition. Compared to the backs, the forwards 

experienced greater increases in creatine kinase following game 2 (ES = 1.30) and game 4 

(ES = 1.24) and reductions in perceived wellbeing (ES = 0.25-0.46). Match intensity, high-

speed running, and repeated-high intensity effort bouts decreased in games 4 and 5 of the 

competition. Small to large associations were observed between the changes in fatigue, 

muscle damage and match performance, with significant correlations between creatine kinase 

and repeated high-intensity effort bout number (r = -0.70, p = 0.031) and frequency (r= 0.74, 

p = 0.002) and low-speed activity (r = -0.56, p = 0.029). Fatigue and muscle damage 

accumulate over an intensified competition, which is likely to contribute to reductions in 

high-intensity activities and work rates during competition. 
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5.1.2 Introduction 

Senior rugby league matches result in significant muscle damage [27, 34, 36], neuromuscular 

fatigue [27, 34], and perceptual fatigue [27, 32]. While fatigue is generally transient in nature 

and typically persists for 24-48 hr after competition, muscle damage may last for several days 

[34]. During regular week-to-week matches, well-conditioned players are expected to recover 

in time for the next scheduled game [32]. However, there are times during the season when 

players are required to compete in intensified periods of competition where they are not 

afforded 5-10 days between matches. Intensified competition in junior players is particularly 

common as they are often required to compete in tournaments, or have simultaneous club, 

school, and representative commitments. Despite this, there is no information regarding the 

fatigue response to single games or tournaments in junior rugby league players. Research 

from junior basketball noted fatigue accumulated over a 3-day tournament which culminated 

in reductions in speed, agility, and vertical jump performance [29]. Furthermore, Rowsell et 

al., [37] reported reductions in high-speed running, total distance, and time spent in high heart 

rate zones in junior soccer players across a 4-day tournament. More specifically, research 

within senior rugby league players has shown that when there is only 48 hrs between matches, 

there are progressive reductions in neuromuscular function, perceptions of wellbeing and 

increases in markers of muscle damage [30]. Given the popularity of junior rugby league 

particularly in Australia and the United Kingdom, and the frequency of intensified 

competition, it is of interest to determine the physiological responses to an intensified period 

of competition within this population. 

 

Few studies have examined the relationship between match performance and markers of 

fatigue. Research from Australian rules football suggests that residual fatigue prior to 

competition may compromise match performance [39, 188]. Furthermore, Johnston et al., [30] 

found match performance in senior rugby league players to be compromised in the presence 

of neuromuscular fatigue, muscle damage, and perceptual fatigue that followed intensified 

competition. They reported progressive reductions in neuromuscular function, perceived 

wellbeing, and increases in muscle damage as the tournament progressed. These increases in 

fatigue were coupled with reductions in high-intensity match activities in the final game of the 

competition. However, relationships between markers of fatigue and match performance were 
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not assessed. The aims of the present study were to add to the fatigue-monitoring literature 

and extend the work of Johnston et al. [30] by (1) determining the physiological responses to 

an intensified period of junior rugby league competition, and (2) assessing the relationship 

between markers of fatigue and match performance in these players. It was hypothesised that 

fatigue would accumulate over the competition and be associated with reductions in match 

performance. 

 

5.1.3 Methods 

5.1.3.1 Design 

To test our hypothesis, neuromuscular fatigue, muscle damage, and perceived wellbeing were 

monitored over the course of a junior rugby league tournament. Global positioning system 

(GPS) technology and video analysis were utilised to provide information on the activity 

profiles and match performance of players. Games were 40 min in duration (2 x 20 minute 

halves); with two games being played on both days 1 and 2 (11:00 and 15:00), no games on 

day 3, one game on day 4 (11:30), and no games on day 5, totalling 5 games over a 5 day 

period. The average temperature, rainfall, and humidity over the competition were 18.9 ± 0.7 

°C, 11.7 ± 3 mm, and 15.3 ± 0.8%, respectively. 

 

5.1.3.2 Subjects 

Fifteen (backs, n = 7; forwards, n = 8) junior rugby league players (mean ± SE, age 16.6 ± 0.2 

years; body mass 81.6 ± 3.0 kg; and height 178.9 ± 1.8 cm) from the same school 1
st
 XIII 

participated in the study. The tournament took place in June, three months into the season. All 

players were free from injury at the time of testing. Players were asked to maintain their 

normal diet throughout the competition period; water was available ad libitum throughout the 

tournament. Before the study, players attended a familiarisation session and received an 

information sheet outlining experimental procedures, and the associated risks and benefits of 

participation; written informed consent was obtained from each player and their legal 

guardian. The study was approved by the ethical review board for human research. 
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5.1.3.3 Protocol 

Over the course of the five day tournament, each player competed in five 40 minute games 

with games 1 and 2, and 3 and 4 each separated by approximately 3 hrs. Baseline 

measurements of neuromuscular fatigue, muscle damage, and perceived wellbeing were 

assessed approximately 1 hr prior to each game and within 1 hr of the players finishing each 

match. Data collected post-game 1 and 3 were used as pre-game measures for games 2 and 4 

respectively. 

 

5.1.3.4 Markers of Fatigue 

Neuromuscular fatigue was assessed using peak power from a countermovement jump (CMJ) 

on a force platform (Kistler 9290AD Force Platform, Kistler, USA) connected to a laptop 

(Acer Aspire 2930, Acer, UK) and using software provided by the manufacturer 

(QuattroJump, Kistler, USA). Following a standardised warm-up comprised of dynamic 

stretching and two practice jumps, players performed one CMJ on the platform. Players were 

instructed to keep their hands on hips, and jump as high as possible; no instructions were 

given as to the depth of the countermovement [30]. 

 

Whole-blood creatine kinase (CK) activity was used as a marker of muscle damage. After pre-

warming of a hand to approximately 42˚C via immersion in warm water, a 30 μl sample of 

blood was taken from a fingertip and immediately analysed using a colorimetric assay 

procedure (Reflotron, Boehringer Mannheim, Germany). Before each testing session, the 

instrument was calibrated in accordance with the manufacturer recommendations. The 

“normal” reference range for CK activity, as provided by the manufacturer using this method, 

is 24–195 IU·l
-1

 [27, 30, 189]. The typical error of measurement (TE) expressed as a 

coefficient of variation for CK was 3.3%. 

 

Each morning, perceived wellbeing was assessed by the experimenter asking players to rate 

feelings of fatigue, muscle soreness, sleep quality, mood and stress on 0-5 Likert scales, with 

the individual scores summated to give an overall wellbeing score using methods outlined 

previously [30]. Additionally, 30 min after each game, rating of perceived exertion (RPE) was 
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recorded using a modified RPE scale to rate how hard players perceived each game. The RPE 

score was then multiplied by the number of min played to determine session load [172]. 

 

5.1.3.5 Match Activities 

Match performance was assessed by GPS and video analysis. Prior to the warm-up before 

each game, players were fitted with the GPS vest and unit; the unit was switched on, and 

inserted into a padded compartment at the rear of the vest, positioned between the shoulder 

blades.  The GPS units sampled at 10 Hz (Team S4, Catapult Sports, VIC, Australia) and 

included 100 Hz tri-axial accelerometers, gyroscopes, and magnetometers to provide 

information on collisions. Data were downloaded to a laptop (Acer Aspire 2930, Acer, UK) 

and analysed using software provided by the manufacturer (Sprint, Version 5, Catapult 

Sports, VIC, Australia). Non-playing minutes were omitted from the analysis. Data were 

categorised into low (0-5 m·s
-1

) and high speed (≥5.1 m·s
-1

) movement bands; the number and 

nature of collisions were categorised as described previously [2].  Repeated high-intensity 

effort (RHIE) bouts were classified as 3 or more maximal acceleration (≥2.78 m·s
-2

), high-

speed, or impact efforts with less than 21 s between each effort [2]. These units are reliable 

for quantifying movements commonplace in rugby league [160, 164, 166]. 

 

In addition to GPS analysis, each game was filmed (Cannon Legria HV40, Japan) from an 

elevated position on the halfway line. The zoom function of the camera was set so that there 

was a field of view of approximately 10 m around the ball at all times. The games were 

analysed for completed tackles (TE = 6.4%), missed tackles (TE = 7.0%), ineffective tackles 

(TE = 11.4%) and successful tackles (TE = 7.9%) using methods described previously [10, 

30]. The reliability was determined by the operator coding one game on two occasions 

separated by one month.   

 

5.1.3.6 Statistical Analyses 

Data were analysed using SPSS 19.0 (SPSS Inc, Chicago, IL, USA); changes in CK, 

neuromuscular fatigue, and perceived wellness between forwards and backs were compared 

using a two-way (group x time) repeated measures ANOVA. If significant main effects were 
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found, Bonferroni post hoc analyses were performed to locate the differences. The magnitude 

of change in the dependent variables, including changes in match performance were also 

assessed using Cohen’s effect size (ES) statistic [175]. Effect sizes (ES) of 0.20-0.60, 0.61-

1.19, and ≥1.20 were considered small, moderate and large respectively [176]. Pearson’s 

correlation coefficient was used to assess the relationship between the dependent variables. 

Correlations of 0.10-0.29, 0.30-0.50, 0.51-0.70, and ≥0.71 were considered small, moderate, 

large and very large respectively [176]. The TE was used to determine the test re-test 

reliability of the dependent variables. Data are reported as means ± standard error (SE) or 

95% confidence intervals (CI); significance was set at p<0.05. Based on an alpha level of 0.05 

and a sample size of 15, our type I and type II error rates were 5% and 20% respectively 

[190]. 

 

5.1.4 Results 

Large (p<0.05, ES = 1.97 to 4.45) increases in CK were observed at each time point 

throughout the competition in the forwards (Figure 5.1A). The backs, showed significant 

increases in CK at 1 hr post-game 2, 1 hr pre-game 3, and 1 hr post-game 4; at every other 

time point, there were large, but non-significant increases in CK (p>0.05; ES = 1.38 to 3.62). 

Furthermore, compared with the backs, there were large differences in CK following game 2 

(ES = 1.30) and game 4 (ES = 1.24) in the forwards. In both positional groups, CK peaked at 

1 hr post-game 4 (forwards ES = 4.45; backs ES = 3.94) before a gradual recovery. Despite 

this, CK remained above baseline values by day 5 of the competition in both the forwards (p = 

0.01; ES = 1.97) and the backs (p = 0.41; ES = 1.38).  

 

There was no difference in the progressive reductions in CMJ peak power between the 

forwards and backs up until 12 hr post-game 4, with significant reductions (p<0.05) 1 hr post-

game 3, 1 hr post-game 4, 12 hr post-game 4, and 1 hr pre-game 5 (Figure 5.1B). After 12 hr 

post-game 4, there was a gradual recovery in neuromuscular function; by 24 hr post game 5, 

neuromuscular function had returned to baseline. There were no changes in peak force over 

the competition in forwards or backs. 
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Figure 5.1. Mean (± SE) creatine kinase (A) and peak power for the countermovement jump 

(B) for forwards and backs over the 5 day competition.  * Denotes significantly different to 

pre-game 1; † denotes significantly different to post-game 1; ‡ denotes significantly different 
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to post-game 3 (p < 0.05).  No significant (p>0.05) group x time interactions were observed. 

There were as few as 3 hours between games 1 and 2, and 3 and 4, as much as 36 hours 

between games 4 and 5. 

Significant reductions in perceived wellbeing (Figure 5.2) were observed in the forwards on 

day 2 (p=0.02; ES = -1.80), day 3 (p=0.02; ES = -1.33) and day 4 (p=0.05; ES = -1.07). There 

were non-significant, but meaningful reductions in perceived wellbeing in the backs on each 

morning of the competition when compared to baseline (p>0.05; ES = -1.11 to -3.99). By day 

5, perceived wellbeing had returned to baseline in both groups. Compared to the backs, the 

forwards experienced greater reductions in perceived wellbeing on each day of the 

competition, with small effect size differences (ES = 0.25-0.46).  There was no change in 

RPE load across each game of the competition (p>0.05; ES = 0.12-0.43).  
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Figure 5.2. Mean (± SE) perceptual wellbeing for forwards and backs for each morning of the 

5 day competition.  * Denotes significantly different to Day 1 (p < 0.05).  No significant 

(p>0.05) group x time interactions were observed. 
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There were moderate to large reductions in relative distance, low-speed activity, high-speed 

running and RHIE bout frequency in games 4 and 5 compared to game 1 in both the forwards 

and the backs (Table 5.1).  In addition, there were moderate reductions in the number and 

frequency of collisions in game 4, and frequency in game 5 in the forwards. On average, 

across the competition, the forwards performed a greater number (ES = 1.20) and frequency 

(ES = 1.40) of collisions, and number (ES = 1.34) and frequency (ES = 2.43) of RHIE bouts 

compared with the backs. The backs performed more relative high-speed running (ES = 0.67) 

over the competition compared with the forwards (Table 5.1). Over the course of the 

competition, the team won 2 games, and lost 3, scoring 70 points, and conceding 64. They 

won game 1 and 5, and lost games 2, 3, and 4.  
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Table 5.1. Performance variables for forwards and backs for each game of the competition. † 

    Game 1 Game 2 Game 3 Game 4 Game 5 

Playing time (min) 
F 26.2 (16.8-35.4) 26.9 (14.7-39.1) 28.1 (15.8-40.4) 32.1 (23.5-40.8) 26.4 (17.4-35.3) 

B 25.2 (16.0-34.0) 25.6 (16.4-34.9) 28.3 (18.7-33.9) 24.9 (18.2-31.7) 25.1 (18.2-31.9) 

Distance covered 

(m) 

F 2632 (2000-3264) 3113 (2609-3616) 3042 (2630-3453) 2370 (1636-3104) 2302 (1926-2677) 

B 2306 (1133-3145) 2132 (1362-2901) 2387 (1663-3112) 1905 (1443-2367) 2046 (1518-2574) 

Relative distance 

(m
.
min

-1
) 

F 90 (85-94) 83 (77-85) 81 (73-89) 73 (66-79)  L
1
 78 (72-84)  L

1
 

B 82 (76-90) 82 (78-87) 87 (79-93) 75 (68-82)  M
2
 74 (72-76)  L

1
 

Low-speed running 

(m) 

F 2484 (1884-3084) 2981 (2507-3454) 2857 (2452-3261) 2280 (1572-2989) 2210 (1872-2548) 

B 2155 (1353-2957) 2027 (1264-2790) 2185 (1502-2868) 1825 (1373-2276) 1977 (1471-2482) 

Low-speed running  

( m
.
min

-1
) 

F 85 (80-89) 79 (74-85) 76 (68-85) 70 (63-76)  L
1
 75 (68-81)  L

1
 

B 77 (70-84) 78 (74-82) 78 (73-83) 71 (66-77)  M
2
 71 (70-73)  M

2
 

High-speed running 

(m) 

F 126 (83-169) 120 (68-172) 169 (123-214) 89 (63-116)  M
2
 90 (33-146) 

B 138 (94-182) 89 (59-118) 145 (108-183) 66 (148-85)  L
1
 61 (34-88)  L

1
 

High-speed running 

 ( m
.
min

-1
) 

F 4 (3-5) 3 (2-4) 5 (3-6) 2 (2-3)  L
1
 3 (1-4)  M

2
 

B 6 (4-7) 4 (3-5) 6 (4-7) 3 (2-4)  L
1
 2 (1-3)  L

1
 

Collisions 

      
Total (no.) 

F 20 (12-28) 29 (21-31) 23 (17-29) 14 (8-19) M
2
 15 (9-21) 

B 9 (5-13) 10 (3-16) 12 (4-21) 9 (3-15) 7 (3-11) 

Total (no./min) 
F 0.68 (0.52-0.84) 0.68 (0.62-0.75) 0.62 (0.48-0.76) 0.46 (0.35-0.58) M

2
 0.45 (0.30-0.60) M

2
 

B 0.28 (0.19-0.37) 0.33 (0.19-0.46) 0.60 (0.37-0.83) 0.31 (0.17-0.46) 0.22 (0.13-0.32) 

RHIE       

Bouts (no.) 
F 3 (0-5) 4 (3-5) 3 (2-4) 2 (0-3) 1 (0-2) 

B 1 (1-2) 1 (1-2) 1 (1-2) 0 (0-1)  M
2
 0 (0-1)  M

2
 

Bout frequency  

( no
.
min

-1
) 

F 1 every 24 min 1 every 10 min 1 every 16 min 1 every 28 min  L
1
 1 every 32 min  L

1
 

B 1 every 31 min 1 every 29 min 1 every 26 min 1 every 37 min M
2
 1 every 36 min M

2
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Table 5.1. Continued 

  Game 1 Game 2 Game 3 Game 4 Game 5 

Match Statistics 

      
Missed tackles (no.) 

F 0.14 (-0.12-0.4) 0.71 (0.19-1.24) 0.57 (0.03-1.12) 0.75 (0.14-1.36) 0.38 (0.02-0.73) 

B 0.00 (0.00-0.40) 0.29 (-0.08-1.24) 0.14 (-0.14-1.12) 0.29 (-0.08-1.36) 0.00 (0.00-0.73) 

Successful tackles 

(%) 

F 87 (82-92) 84 (71-97) 72 (61-84) 76 (67-84) 81 (70-91) 

B 92 (82-101) 72 (58-86) 70 (53-87) 73 (60-86) 94 (85-104) 

† Data are presented as means (95% Confidence Intervals) for forwards (F) and backs (B). Low-speed activity represents 

movements <5 m·sˉ¹; High-speed running represents movements >5.1 m·sˉ¹. A repeated high-intensity effort (RHIE) bout was 

classified as 3 or more maximal accelerations, high-speed, or impact efforts with less than 21 s between each effort.  L
1
 Denotes 

large effect size difference (≥1.20) to game 1; M
2
 denotes a moderate effect size difference (0.61-1.19) to game 2. 

Table 5.2. Relationship between the change in fatigue markers and the change in performance variables across the tournament. † 

 

Relative Distance LSA HSR RHIE Bouts RHIE Bout Recovery Time Successful Tackles 

Peak Power 0.32 0.32 0.44 0.45 -0.06 0.16 

Creatine Kinase -0.49 -0.56* 

-

0.09 -0.70* 0.74* -0.18 

Perceived Wellbeing 0.13 0.31 0.31 0.50 -0.35 0.33 

† Data are reported as Pearson product moment correlations (r), with 0.11-0.3 = small; 0.31-0.5 = moderate; 0.51-0.7 = large; 

≥0.71 = very large. LSA = Low-speed activity; HSR = High- speed running; RHIE Bout = Repeated high-intensity effort bout. * 

Denotes a significant correlation (p<0.05). 
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There were small to moderate associations (Table 5.2) between changes in neuromuscular 

fatigue, muscle damage and perceptions of wellbeing and match performance variables. 

Increases in CK were significantly associated with an increase in RHIE bout recovery time (r 

= 0.74; p=0.002), reductions in the number of RHIE bouts (r = -0.70; p=0.03), reductions in 

low-speed activity (r = -0.56; p=0.03), and a greater number of total collisions (r = 0.62; 

p=0.01). 

 

5.1.5 Discussion 

This study investigated the physiological responses to an intensified rugby league competition 

(5 games over 4 days) and assessed the relationships between fatigue and match performance 

in junior players. There were progressive increases in muscle damage and neuromuscular 

fatigue as well as reductions in perceptual wellbeing over the first 3 days of the competition 

before a gradual recovery in these measures. Changes in muscle damage and perceptual 

wellbeing were greater in the forwards compared to the backs. Relative distance covered, 

high-speed running, low-speed activity and RHIE bouts were attenuated in the final two 

games of the competition. In general, there were small to moderate relationships between 

markers of fatigue and match performance, although a large, positive relationship was found 

between increases in CK and RHIE bout recovery. These results indicate that markers of 

fatigue accumulate over an intensified competition, and are exacerbated within the forwards. 

Moreover, increases in fatigue contributed to reductions in match performance in witnessed 

across the competition.  

 

There were progressive reductions in neuromuscular function and perceptual wellbeing, as 

well as increases in muscle damage in both forwards and backs over the first 3 days of the 

competition before a gradual recovery. Neuromuscular fatigue and perceived wellbeing 

returned to baseline by day 5; CK was still elevated on day 5 in both groups. Changes in 

neuromuscular function were highlighted by decreases in peak power, which confirms 

previous findings from intensified rugby league competition [30]. The increases in 

neuromuscular fatigue were similar between backs and forwards, which supports the findings 

of Twist et al. [27]. The reduction in power and maintenance in force output suggests that 
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there is preferential disruption to type II muscle fibres during rugby league competition, 

resulting in a change in the force-velocity relationship towards slower muscle [191]. As such, 

high-velocity movements should be avoided in the 24-48 hr after competition.  

 

Greater increases in muscle damage were observed in the forwards compared with the backs. 

The greater peaks in CK experienced by the forwards after games 2 and 4 may be explained 

by the greater number and frequency of collisions in which these players were exposed during 

the competition. Indeed, collisions were significantly correlated with increases in CK over the 

tournament, lending further support to the hypothesis that physical impacts are a major 

contributor to the muscle damage response following rugby league games [27, 36]. In 

addition, the greater number and frequency of RHIE bouts performed by the forwards may 

also have accentuated the fatigue response. Previous research has found repeated-effort 

activity to be associated with greater physiological cost and perceived effort than repeated-

sprints alone [9]. With this in mind, the greater frequency of collisions and RHIE bouts 

performed by the forwards could explain the greater increases in muscle damage.  

 

The reductions in perceived wellbeing over the first 3 days of the competition in both 

positional groups, supports previous studies that found disturbed psychological states after 

intensified training and competition [30, 192, 193]. Moreover, it highlights the utility of 

simple, cost-effective questionnaires for monitoring a player’s perceived recovery status 

following competition. The greater reductions in perceived wellbeing in forwards compared 

to backs is in accordance with others [27]. This disparity may be related to the larger muscle 

damage response in the forwards which resulted in greater perceptions of fatigue and muscle 

soreness. Collectively, these data highlight that the fatigue response to intensified competition 

is different between forwards and backs, which is likely due to contrasting match activities 

(Table 5.1). With this in mind, training and recovery practices for forwards and backs should 

differ in the days following competition to allow for the increased fatigue in the forwards to 

dissipate. 
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In the present study, a number of match performance variables were attenuated in the final 

two games of the competition. There were meaningful reductions in relative distance, high-

speed running, low-speed activity, and RHIE bouts in games 4 and 5 of the competition. 

These reductions in performance are in accordance with previous studies of intensified rugby 

league [150], and field hockey [194] competition, which may have ramifications on match 

outcome.  Indeed, research from rugby league competition suggests that winning teams 

maintain higher match intensities, and cover greater distances at low speeds compared with 

their less successful counterparts [55]. Furthermore, RHIE bouts have been reported to occur 

in close proximity to points scored or conceded [76]. As such, a reduction in these variables 

may prove vital in the outcome of a match. 

 

The reductions in performance variables is partially explained by the cumulative fatigue, with 

moderate to large associations observed between increases in fatigue and reductions in a 

number of performance variables (Table 5.2). Increases in CK were significantly associated 

with the reductions in low-speed activity and frequency of RHIE bouts, whereas changes in 

power and wellbeing shared moderate associations with these variables. The relationships 

between CK and performance suggest that muscle damage may contribute to a reduction in 

the ability to maintain match intensity and perform high-intensity efforts. The reductions in 

power may also help explain some of the reductions in the number of RHIE bouts performed. 

High power outputs in rugby league players are positively associated with sprint performance 

[115], therefore, reductions in power could have prevented players performing high-intensity 

activities.  The relationships between perceptual wellbeing and performance variables suggest 

that increases in perceived muscle soreness and fatigue stimulated reductions in central drive 

which resulted in reductions in work rates [193, 195]. Indeed, due to the demanding nature of 

RHIE bouts [9], during the latter games, players may not have had the physiological or 

psychological capacity to perform these bouts. While significant correlations do not imply 

cause and effect, our findings suggest that fatigue contributed to reductions in match 

performance, and that players need to be free from fatigue prior to competition. Moreover, 

there is not one single fatigue marker that can account for the reductions in performance.  As 

such, a combination of monitoring tools is required in order to determine a player’s readiness 

to train and compete.  
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5.1.6 Conclusions 

These findings show that there are progressive increases in markers of fatigue during an 

intensified junior rugby league competition. Forwards experienced greater increases in CK 

and reductions in perceived wellbeing compared with backs. The greater changes may be due 

to a greater number of physical collisions and RHIE bouts which resulted in greater tissue 

damage, and disturbed psychological states. There were meaningful reductions in important 

match activities in the final games of the competition. Fatigue and muscle damage partially 

explain these reductions in match performance in the latter stages of an intensified 

competition. Given the large between-match variation in performance, which could have been 

influenced by environmental conditions, quality of the opposition, team selection and the 

referee, further research investigating the influence of fatigue on match performance under 

more controlled conditions such as a simulation protocol would provide a better 

understanding into the influence residual fatigue has on match performance. In addition, 

exploring methods for reducing the fatigue response following competition (e.g. through 

nutritional, pharmacological, or massage manipulations) is also warranted in order to help 

maintain subsequent performance. 

 

5.1.7 Practical Applications 

 Residual fatigue prior to competition contributes to reductions in high-intensity match 

activities. Players should be free from fatigue prior to competition.  

 High-velocity movements should be avoided in the 24-48 hrs following competition. 

 A combination of monitoring tools, such as countermovement jumps and perceptual 

wellbeing questionnaires should be utilised to determine a player’s readiness to train 

and compete. 

 Forwards experience more fatigue following intensified competition compared with 

backs which may be due to an increased exposure to collisions and RHIE bouts. 
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5.2 Study 6: Influence of physical contact on neuromuscular fatigue and 

markers of muscle damage following small-sided games 

 

 

This study has been accepted for publication following peer review.  Full reference details 

are: 

Johnston RD, Gabbett TJ, Seibold AJ, and Jenkins DG. Influence of physical contact on 

neuromuscular fatigue and markers of muscle damage following small-sided games. J Sci 

Med Sport, 2014, 17: 535-40. 
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5.2.1 Abstract 

Physical contact is frequent in rugby league competition and is thought to be a major 

contributor to the fatigue and creatine kinase (CK) response, although direct evidence is 

lacking. The aim of this study was to investigate the influence that physical contact had on the 

fatigue and CK response to small-sided games. A cross-over, counter-balanced design was 

used. Twenty-three junior elite rugby league players were divided into two groups. Group one 

played a contact game on day 1 before playing a non-contact game 72 hours later; group two 

played the games in reverse order. The rules were identical for each game, with the only 

difference being a 10 second contact bout every 50 seconds during the contact game. Upper 

and lower body neuromuscular fatigue and blood concentrations of CK were assessed 

immediately before, immediately after, and 12 and 24 hours after the games. During each 

game, players wore global positioning system units to provide information on movements. 

CK increased after both games, peaking immediately following the non-contact game; CK 

was still rising 24 hours following the contact game. The difference between the two 

conditions was practically meaningful at this point (likelihood = likely, 82%; ES = 0.86). 

There were moderate to large reductions in upper body power following the contact game (ES 

= -0.74 - -1.86), and no reductions following the non-contact game. This study indicates that 

large increases in blood CK and upper body fatigue result from physical contact. Training 

sessions involving physical contact should be performed well in advance of scheduled games.  
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5.2.2 Introduction 

Rugby league is a contact sport with periods of high- and low intensity activity [2, 8]. During 

competition, players typically cover distances of 90-100 m
.
min

-1
 [2, 5, 8], including 6-14 

m
.
min

-1 
at high-speeds [2, 8]. In addition, to these running demands, players frequently 

engage in physical collisions during attack and defence. Players perform 24-47 contact efforts 

during a game or 0.38-1.09 per minute depending on position [10]. 

 

Due to the demanding nature of rugby league, players experience considerable fatigue and 

increases of myofibre proteins within the blood, indicative of muscle damage [196], following 

competition [27, 32, 34]. Physical collisions encountered during competition are thought to be 

a major contributor to this fatigue. Indeed, research from rugby league has reported positive 

relationships between the number of collisions performed during competition and increases in 

creatine kinase activity (CK), and lower body neuromuscular fatigue [27, 33, 36]. It is thought 

that the blunt force trauma associated with physical collisions results in skeletal muscle 

damage and reduced muscle function. In addition, one study has reported decrements in upper 

body neuromuscular function following rugby league competition [30]. The authors suggested 

that physical collisions may have been responsible for the increases in upper body fatigue, but 

this was not determined. Although these studies provide an insight into the potential role 

collisions play in the fatigue and muscle damage response, they do not show cause and effect.  

 

Direct evidence supporting the relationships between physical contact, fatigue and muscle 

damage is far from substantive. Performing tackles in combination with repeated-sprints 

results in a greater heart rate and perceived effort than performing repeated sprints alone; 

however, whether there is any difference in the fatigue response following such activity is 

unclear [9]. Previous studies have assessed the impact of contact on fatigue following team 

sport simulation protocols, but failed to see any increase in markers of muscle damage in the 

form of blood CK [197, 198]. Although controlled, the contact used in both these studies did 

not reflect the demanding nature or frequency of competition contact efforts [5]. As such, 

further evidence is required within a controlled environment utilising contact similar to that of 
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competition to determine the impact collisions have on markers of fatigue and muscle 

damage. 

 

Small-sided games (SSG) are regularly used in rugby league training in an attempt to replicate 

the demands of competition, providing players with a specific training stimulus and the 

opportunity to test skills under pressure and fatigue. Recent studies have shown that these 

games can elicit similar movement and skill demands [199, 200], as well as physiological 

responses seen during competition [201], which directly translate into improvements in fitness 

and match performance [202, 203]. These games can be either played with or without contact 

[200], and therefore present a semi-controlled, yet ecologically valid platform to assess the 

influence of physical contact on fatigue and muscle damage following small-sided games. 

Therefore, the aim of this study was to assess the influence of physical contact on the fatigue 

and muscle damage response to SSG. Based on the current literature it was hypothesised that 

the addition of contact to SSG would result in greater upper body fatigue and muscle damage 

compared to SSG without contact. 

 

5.2.3 Methods 

5.2.3.1 Design 

A crossover, counterbalanced design was used. Neuromuscular fatigue, blood CK (an indirect 

marker of muscle damage), and perceived wellbeing were monitored before, immediately 

after, 12, and 24 hours following ‘offside’ SSG with and without contact. Global positioning 

system (GPS) microtechnology devices were used to assess movements during the small-

sided games. Players were randomly divided into two groups; one group played the small-

sided game with no contact first followed by the small-sided game with contact 72 hours 

later; the second group played the games in reverse order. 
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5.2.3.2 Subjects 

Twenty-three elite junior rugby league players (age 19.1 ± 0.8 years; height 178.3 ± 22.9 cm; 

body mass 93.7 ± 9.2 kg) from the same National Rugby League club participated in the 

study. One extra player participated in the games only (i.e. no fatigue or CK measurements) in 

order to equalise player numbers. Data were collected in the penultimate week of pre-season, 

with players free from injury and in peak physical fitness. Before the study, players received 

an information sheet outlining experimental procedures; written informed consent was 

obtained from each player. Over the course of the testing period, players were asked to 

maintain their normal diet. The study was approved by the University’s ethical review board 

for human research. 

5.2.3.3 Protocol 

Two SSG were performed in two training sessions separated by 72 hours. Both games were 

‘offside’ small-sided games, one with contact, and one without contact, regularly used by the 

coaches during training. Players were divided into 4 teams (each of 6 players); teams 1 and 2 

played the non-contact game first and then the contact game 72 hours later; teams 3 and 4 

played the games in reverse order. Each game consisted of two 8 minute halves separated by a 

90 second rest interval played on a grass training pitch in a standardised (30 x 70 m) playing 

area. The ‘offside’ game permitted each team to have three ‘plays’ whilst in possession of the 

ball. A ‘play’ ended when the player in possession of the ball was touched by a defender with 

two hands. The ball was turned over when the attacking side had completed three ‘plays’. 

Unlike a regular small-sided rugby game, during the ‘offside’ game, the ball can be passed in 

any direction (i.e. to ‘offside’ players). The only difference between the two games was the 

addition of 8 x 10 second contact and wrestle periods during each half of the contact game. 

The players were asked to perform alternate shoulder pummels for 5 seconds, before being 

given 5 seconds to wrestle their partner onto their back. All players received coaching on 

wrestling techniques as part of their training and were familiar with this contact drill. 

Simulated contacts similar to those used in the present study have been shown to have good 

reproducibility in rugby league players.[9] After each contact period, the game resumed. 

Other than the 16 contact periods, there was no difference in the rules, verbal encouragement, 

pitch size, player number, and match duration between the contact and non-contact game. 
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5.2.3.4 Markers of Fatigue 

Neuromuscular fatigue was assessed immediately before, immediately after, 12, and 24 hours 

following each game. Lower body neuromuscular fatigue was assessed using a 

countermovement jump (CMJ); upper body neuromuscular fatigue was assessed using a 

plyometric push-up (PP), both of which are described previously [30]. Both exercises were 

performed on a force platform (Kistler 9290AD Force Platform, Kistler, USA) connected to a 

laptop (Acer Aspire 2930, Acer, UK) running manufacturer designed software (QuattroJump, 

Kistler, USA). Peak power and force were the dependant variables, and calculated as defined 

previously [151]. Previous research has reported typical error of measurement (TE) for CMJ 

peak power and peak force as 2.9% and 2.2% respectively [151]. The TE for the PP was 5.0% 

and 2.4% for peak power and peak force, respectively. 

 

Whole blood CK was assessed at the same time points as neuromuscular fatigue as an indirect 

marker of muscle damage. After pre-warming of the hand, a 30 μl sample of blood was taken 

from a fingertip and analysed using a colorimetric assay procedure (Reflotron, Boehringer 

Mannheim, Germany). Before each testing session, the instrument was calibrated in 

accordance with the manufacturer recommendations [27, 30]. The TE for CK was 3.3%. 

 

Perceptual wellbeing was assessed in the first fatigue monitoring session of each day. This 

was assessed by the experimenter asking players to rate feelings of fatigue, muscle soreness, 

sleep quality, mood and stress on 0-5 Likert scales; the individual scores were summated to 

give an overall wellbeing score [30]. In addition, 30 min after each game, rating of perceived 

exertion (RPE) was recorded using the CR-10 RPE scale to rate how hard players perceived 

each game. Session RPE has been found to be a valid method of assessing internal load in 

rugby league players [88].  

 

5.2.3.5 Match Activities 

Game movements were assessed by GPS microtechnology devices fitted between the shoulder 

blades of the manufacturer-provided vest. The GPS units sampled at 10 Hz (Team S4, 
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Catapult Sports, VIC, Australia) and included 100 Hz tri-axial accelerometers, gyroscopes, 

and magnetometers to provide information on collisions. Data were downloaded to a laptop 

(Acer Aspire 2930, Acer, UK) and subsequently analysed (Sprint, Version 5, Catapult Sports, 

VIC, Australia). Data were categorised into low (0-5 m·s
-1

) and high speed (≥5.1 m·s
-1

) 

movement bands.  Repeated high-intensity effort (RHIE) bouts were classified as 3 or more 

maximal acceleration (≥2.78 m·s
-2

), high-speed, or contact efforts with less than 21 s between 

each effort.[2] These units have been shown to offer a valid and reliable method of 

quantifying movements that are commonplace in rugby league [160, 164, 166]. 

 

5.2.3.6 Statistical Analyses 

The differences in fatigue, muscle damage and running demands between the contact and 

non-contact games and changes over time were determined using traditional null hypothesis 

significance testing, and magnitude based inferences. In order to determine changes in 

neuromuscular function and blood CK, a two-way (condition x time) repeated measures 

ANOVA was used to determine the statistical significance of any differences. To compare 

differences in activity profiles between the contact and non-contact games, paired-samples t-

test were used with a Bonferroni adjustment. These statistical tests were conducted using 

SPSS version 19 (SPSS for Windows, IBM Software, NY, USA). Based on the real-world 

relevance of the results, two statistical methods were used to determine the meaningfulness of 

any differences. Firstly, the likelihood that changes in the dependent variables were greater 

than the smallest worthwhile change was calculated as a small effect size of 0.20 x the 

between subject standard deviation. Thresholds used for assigning qualitative terms to 

chances were as follows: <1% almost certainly not; <5% very unlikely; <25% unlikely; <50% 

possibly not; >50% possibly; >75% likely; >95% very likely; >99% almost certain [174]. The 

magnitude of difference was considered practically meaningful when the likelihood was 

≥75%. Secondly, magnitudes of change in the dependent variables were assessed using 

Cohen’s effect size (ES) statistic [175]. Effect sizes (ES) of 0.20-0.60, 0.61-1.19, and ≥1.20 

were considered small, moderate and large respectively [176]. Data are reported as means ± 

95% confidence intervals (CI); the significance level was set at p<0.05. 
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5.2.4 Results 

The running loads of the contact and non-contact SSG are shown in Table 5.3. The running 

loads were greater in the non-contact game compared with the contact game for total distance 

(p = 0.001; likelihood = almost certain, 100%; ES = 2.48 ± 1.14), relative distance (p = 0.001; 

likelihood = almost certain, 100%; ES = 2.45 ± 1.09), high-speed distance (p = 0.003; 

likelihood = very likely, 95%; ES = 0.78 ± 1.05), and low speed distance (p = 0.001; 

likelihood = almost certain, 100%; ES = 2.18 ± 1.04). 
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Table 5.3. Physical demands of the contact and non-contact small-sided games. †  

 Contact Non-Contact Difference (%) ES Likelihood Descriptor 

Distance (m) 1862 (1772-1880)* 2240 (2160-2319) 18 (17-20) 2.48 (1.42-3.62) 100% Almost Certain 

Relative distance (m·min
-1

) 114 (111-118)* 140 (135-145) 18 (17-20) 2.45 (1.34-3.54) 100% Almost Certain 

High-speed running (m) 224 (196-251)* 283 (242-324) 21 (10-32) 0.78 (-0.19-1.83) 95% Very Likely 

High-speed running (m·min
-1

) 14 (12-16)* 19 (16-22) 21 (10-32) 0.78 (-0.19-1.83) 95% Very Likely 

Low-speed activity (m) 1588 (1531-1645)* 1936 (1862-2001) 18(16-20) 2.18 (1.14-3.22) 100% Almost Certain 

Low-speed activity (m·min
-1

) 100 (96-102)* 121 (116-126) 18 (16-20)  2.18 (1.14-3.22) 100% Almost Certain 

RHIE Bouts (no.) 1.0 (0.1-2) 0.3 (0.1-0.5) 18 (1-35) 0.39 (-0.55-1.44) 26% Possibly 

† Data are reported as means ± 95% confidence intervals.  Low-speed activity refers to movements <5 m·s
-1

; high-speed running refers to 

movements ≥5.1 m·s
-1

; RHIE Bout = repeated high-intensity effort bout, 3 or more maximal acceleration, high speed or contact efforts with ≤21 

seconds between each effort. ES = Effect size difference; effect sizes of 0.20-0.60, 0.61-1.19, and ≥1.20 were considered small, moderate, and large, 

respectively. Descriptor refers to the chance that the difference between the contact and non-contact games is practically meaningful. * Denotes p < 

0.05 between the contact and non-contact games. 
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There was a significant main effect of time (F1,45 = 6.08, p = 0.004, ηp
2
 = 0.253) and game 

(F1,45 = 7.14, p = 0.016, ηp
2
 = 0.284) on blood CK (Figure 5.3). Compared with baseline 

values (contact = 699.4 ± 147.4 U/L; non-contact = 759.4 ± 137.9 U/L), moderate and large 

increases in CK were observed immediately after the contact (ES = 1.09 ± 1.0) and non-

contact (ES = 1.27 ± 1.0) games (Figure 5.3). There was a decrease in CK at 12 hours (ES = 

0.78 ± 1.0) and 24 hours (ES = 0.95 ± 1.0) after the non-contact game. However, following 

the contact game, there were further increases in CK at 12 (ES = 1.25 ± 0.93) and 24 hours 

(ES = 1.64 ± 0.94) post game. There were small differences between the contact and non-

contact games immediately (likelihood = possibly, 59%; ES = 0.25 ± 0.78), and 12 hours 

following the games (likelihood = possibly, 69%; ES = 0.38 ± 0.98). At 24 hours post game, 

there was a moderately greater, and practically meaningful increase in CK following the 

contact game (54 ± 32%) compared with the non-contact game (22 ± 13%) (likelihood = 

likely, 82%; ES = 0.86 ± 1.0).  
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Figure 5.3. Changes in blood creatine kinase following the contact and non-contact small-

sided games. Data are reported as means ± 95% confidence interval; M Denotes moderate 

effect size difference from baseline; L denotes large effect size difference from baseline; M
c
 

denotes moderate effect size between conditions.  
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There was a significant main effect of time on countermovement jump power (F1,38 = 18.26, p 

= 0.001, ηp
2
 = 0.066). There were reductions in CMJ peak power following both games 

(Figure 5.4A) compared with baseline values (contact = 4939.4 ± 216.4 W; non-contact = 

4977.39 ± 221.6 W). There was a moderate reduction in CMJ power immediately after the 

contact game (ES = -0.88 ± 0.82) and a large reduction following the non-contact game (ES = 

-1.42 ± 0.93). Reductions in CMJ power peaked 12 hours after both games (Contact ES = -

1.40 ± 1.0; Non-contact ES = -2.25 ± 1.1). At 24 hours post game, there was a small reduction 

in CMJ power following the contact game (ES = -0.35 ± 0.63) and a moderate reduction 

following the non-contact game (ES = -1.13 ± 0.91). The decrease in CMJ power 24 hours 

after the games was moderately greater following the non-contact game compared with the 

contact game (ES = 0.65 ± 0.74). Furthermore, at each time point, there were practically 

meaningful differences between changes in CMJ power following the two games 

(immediately post likelihood = likely, 75%; 12 hours post likelihood = likely, 92%; 24 hours 

post likelihood = likely, 86%). Compared to baseline (contact = 1840.0 ± 79.3 N; non-contact 

= 1854.3 ± 85.1 N), there was no change in CMJ peak force following the contact game, but 

moderate reductions immediately (ES = -0.75 ± 0.56) and 12 hours following (ES = -0.82 ± 

0.47) the non-contact game (Figure 5.4B).  
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Figure 5.4. Changes in countermovement jump (CMJ) power (A), force (B) and plyometric 

push-up (PP) power (C) and force (D) following the contact and non-contact small sided 

games. Data are reported as means ± 95% confidence interval; a = moderate effect size 

difference from baseline; b = large effect size difference from baseline; ES = effect size. 

 

There was a main effect of game (F1,51 = 11.66, p = 0.003, ηp
2
 =0.372), time (F2,51 = 7.88, p = 

0.001, ηp
2
 = 0.284), and a group by time interaction (F1,51 = 6.37, p = 0.002, ηp

2
 =0.242) on PP 

peak power. There was no change in upper body peak power and force following the non-

contact game (Figure 5.4C & D) compared with baseline (1820.1 ± 151.1 W; 791.6 ± 31.6 N). 

However, compared with baseline values (1898.7 ± 127.3 W; 801.0 ± 36.9 N) there was large 

reductions in PP peak power immediately following the contact game (ES = -1.86 ± 1.0), and 

moderate reductions at 12 (ES = -0.74 ± 0.87) and 24 hours (ES = -0.74 ± 0.94) post game. 

There was a large between group difference in PP peak power immediately post (likelihood = 

almost certain, 100%; ES = -1.31 ± 1.0) and moderate differences at 12 hours (likelihood = 
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very likely, 98%; ES = -0.68 ± 1.0) and 24 hours (likelihood = likely, 94%; ES = -0.87 ± 1.0) 

following the games. There were moderate reductions in PP peak force immediately following 

(ES = -1.08 ± 0.73) and 12 hours (ES = -0.77 ± 0.98) after the contact game. These reductions 

were practically meaningful compared with the non-contact game immediately (likelihood = 

very likely, 97%) and 12 hours (likelihood = likely, 89%) following the games. 

 

There were small, but significantly greater reductions in perceived wellbeing following the 

contact game (F1,22 = 10.88, p = 0.03, ηp
2
 = 0.338; Contact ES = -0.48 ± 1.0; Non-contact ES 

= -0.28 ± 0.97). In addition, there were small reductions in muscle soreness following the 

contact game (ES = -0.29 ± 0.82), and only trivial reductions following the non-contact game 

(ES = -0.14 ± 0.23). Furthermore, the change in muscle soreness following the contact game 

was moderately greater than the change following the non-contact game (ES = 0.71 ± 0.31). 

There was a small, significant difference in the rating of perceived effort for each game, with 

a mean RPE of 6.9 ± 0.4 for the contact game and 6.3 ± 0.6 for the non-contact game (p = 

0.05; likelihood = unlikely, 8%; ES = 0.41 ± 0.85).  

 

5.2.5 Discussion 

The aim of this study was to identify the influence of physical contact on the fatigue response 

to SSG. It is clear that the addition of physical contact to a SSG results in marked and longer 

lasting increases in CK compared to no physical contact. In addition, physical contact is 

responsible for increases in upper body neuromuscular fatigue. There were however, greater 

reductions in lower body muscle function following the non-contact game due to greater 

running loads. The results of this study demonstrate the great physical cost associated with 

contact efforts. Physical contact reduces upper body muscle function and this reduction may 

be related to muscle damage induced by training and competition. In addition, increasing the 

running demands of a SSG, results in greater lower body muscle fatigue. 

 

The greater increases in blood CK observed following the contact game can be attributed to 

the physical contact. This substantiates the findings of others who have reported significant 

correlations between the number of contacts performed during competition and increases in 
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CK [27, 36]. Although blunt force trauma associated with collisions is thought to be the cause 

of this increases in blood CK, this cannot be ascertained. During this study, blunt force trauma 

would have been induced by the shoulder pummelling; however, eccentric muscle actions 

associated with the wrestling cannot be eliminated as a source of muscle damage. Indeed, the 

large increase in CK following the non-contact game suggests that eccentric contractions 

associated with high-speed movements still play a role in the muscle damage response. 

Compared with the non-contact SSG, the increases in blood CK were only moderately greater 

24 hours following the contact SSG. This finding is not surprising given the relatively small 

volume of contacts performed (16 bouts) and the nature of these contacts. Contacts similar to 

competition in terms of number and intensity would likely result in more blunt force trauma, 

and therefore an accentuated increase in blood CK compared with that seen following the 

contact SSG. Nonetheless, it is clear that physical contact causes substantial increases in 

blood CK, indicative of skeletal muscle damage. Furthermore, given that elevations in CK 

could contribute to reductions in low-speed activity and RHIE frequency during competition 

[150], it would appear important to ensure CK concentrations are within “normal” ranges 

prior to competition. With this in mind, contact sessions should be performed well in advance 

of scheduled games. In addition, players who have performed large numbers of contacts 

during a game may require prolonged recovery. 

 

There were reductions in PP power and force following the contact game, but no change 

following the non-contact game. This is consistent with previous research that reported 

increases in upper body neuromuscular fatigue during an intensified period of rugby league 

competition [30]. Collectively, these data indicate that upper body fatigue is present following 

training and competition. Moreover, it is clear that physical collisions are responsible for 

these increases in upper body fatigue, which may be expected given the large involvement of 

the upper body during physical collisions [27]. These increases in upper body fatigue 

following physical contact would suggest that monitoring upper body muscle function may be 

useful in contact sport athletes. 
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There were reductions in lower body power following both games, but greater changes 

following the non-contact game. The reason for this disparity could be related to the greater 

running loads performed (both low- and high-speed activity) during the non-contact games. 

Indeed, increases in high-speed movements appear to exacerbate reductions in lower body 

muscle function following a rugby league game [31]. Therefore, increases in running loads 

are likely to lead to greater reductions in CMJ performance. Collisions are also thought to 

contribute to lower body neuromuscular fatigue [27, 33]. However, in the current study, the 

use of the legs in the contact was limited, and therefore unlikely to have made a significant 

contribution to the changes in lower body function. Despite this, these data indicate that 

increasing the running loads of a SSG results in greater reductions in lower body muscle 

function and in particular power. As such, training should be carefully planned to ensure 

muscle function is not compromised prior to competition.  

 

There were greater reductions in perceptual wellbeing following the contact game coupled 

with moderately greater reductions in perceived muscle soreness following the contact game. 

This may be due to greater increases in blood CK following the contact game compared with 

the non-contact game which suggests greater levels of muscle damage and potentially muscle 

soreness. Performing exercise in the presence of such muscle soreness can cause reductions in 

work capacity and increases in perceived effort [204]. Therefore, coaching staff may need to 

be mindful of increases in muscle soreness when prescribing training. In addition, despite 

greater running loads in the non-contact game, the contact game was associated with greater 

perceived effort, although this difference was small. This is in accordance with previous 

research that found greater perceived effort following repeated sprints and tackles compared 

to repeated-sprints alone [9]. Collectively these data highlight the psychological load 

associated with performing physical contacts.   

5.2.6 Conclusions 

The addition of physical contact to non-contact small-sided games results in upper body 

neuromuscular fatigue and marked and longer lasting increases in CK as well as increases in 

perceived effort compared to no physical contact. Collectively, these results clearly 

demonstrate the large physiological and psychological load associated with performing 

physical collisions. It should be noted however, that during the contact game, players only 
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performed 16 contact and wrestle bouts.  While the frequency of collisions were 

representative of that performed in match-play, these bouts did not match the absolute volume 

or the violent blunt force trauma of collisions associated with competition. As such, 

reductions in muscle function and increases in CK are likely to be more pronounced following 

competition, and contact training sessions. In addition, it should be noted that large inter-

player variability exists in CK responses, and CK measurements should not be considered a 

direct test of muscle function. The large increases in CK observed following exercise may 

have been accentuated by plasma volume shifts although this is unlikely to explain the total 

changes in blood CK observed following the two games. A final limitation of the present 

study is that fatigue was only assessed up to 24 hours following the games, and it is unclear 

whether a peak in CK occurred following the contact game. As such, future research should 

aim to assess the complete time course of fatigue following commonly used small-sided 

games.  

 

5.2.7 Practical Applications 

 Small-sided games induce muscle damage and fatigue. 

 Increases in running loads during small-sided games results in reductions in lower 

body neuromuscular function, while physical contact results in reductions in upper 

body neuromuscular function. 

 Physical contact sessions should be performed well in advance of scheduled games. 

 Strength sessions aimed at improving upper body power should be performed prior to, 

or more than 24 hours after contact sessions. 

 Performing tackles is mentally demanding and players need to be exposed to the tackle 

demands of competition within training. 
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5.3 Study 7: Influence of physical qualities on post-match fatigue in rugby 

league players 

 

 

This study has been accepted for publication following peer review.  Full reference details 

are: 

Johnston RD, Gabbett TJ, and Jenkins DG. Influence of physical qualities on post-match 

fatigue in rugby league players. J Sci Med Sport, 2015, 18: 209-213. 



FATIGUE AND PACING 

Chapter 5: Fatigue 

Fitness on Fatigue 

 

161 

 

5.3.1 Abstract 

This study examined the influence of physical qualities on markers of fatigue and muscle 

damage following rugby league match-play. A between subjects experimental design was 

used. Twenty-one male youth rugby league players (age 19.2 ± 0.7 years; height 180.7 ± 5.6 

cm; body mass 89.9 ± 10.0 kg) participated in the study. Yo-Yo intermittent recovery test 

(level 1), 3 repetition maximum back squat and bench press were assessed prior to 2 

competitive fixtures. Neuromuscular fatigue (countermovement jump [CMJ] and plyometric 

push-up [PP]), and blood creatine kinase (CK) were assessed before and after match-play. 

During match-play, movements were recorded using microtechnology. Players were divided 

into high- and low-groups based on physical qualities. High Yo-Yo and squat performance 

resulted in greater loads during match-play (p<0.05). There were larger reductions in CMJ 

power in the low Yo-Yo group at both 24 (ES = -1.83), and 48 h post-match (ES = -1.33). 

Despite greater internal and external match loads, changes in CMJ power were similar 

between squat groups. There were larger increases in blood CK in the low Yo-Yo group at 24 

(73% vs. 176%; ES = 1.50) and 48 h post-match (28% vs. 80%; ES = 1.22). Despite greater 

contact loads, the high squat group exhibited smaller changes in blood CK post-match (ES = 

0.25 to 0.39). Post-match fatigue is lower in players with well-developed high-intensity 

running ability, and lower body strength, despite these players having greater internal and 

external match loads. 
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5.3.2 Introduction 

Rugby league is an intermittent team sport where players repeatedly perform bouts of high-

speed running and physical collisions interspersed with periods of low-speed activity [2]. 

These demands result in increased markers of muscle damage, neuromuscular and perceptual 

fatigue [27, 34]. While generally transient in nature, this fatigue typically persists for 24-48 h 

after competition, although muscle damage may last for several days [34]. High levels of 

residual fatigue and markers of muscle damage have the potential to compromise performance 

through reductions in low- and high-speed movements, as well as tackling proficiency [30, 

150].  

 

Understanding and managing the fatigue response to match-play may allow optimal 

preparation for subsequent performance.  Whilst various interventions are often employed to 

facilitate recovery following match-play, their efficacy is often questioned [42, 43]. Currently, 

it is unclear whether any intrinsic qualities influence the fatigue response observed following 

competition. Findings from Australian rules football found that across a season, players with 

higher 6 min run performance showed smaller disturbances in blood creatine kinase (CK) 

prior to competition [40]. In addition, well-developed physical qualities reduce transient 

fatigue following physical exertion. In particular, greater aerobic fitness results in smaller 

decrements in repeated-sprint performance [45, 46]. Fitter athletes may experience smaller 

metabolic disturbances following high-intensity activity, resulting in less acute fatigue [44]. 

These data suggest that aerobic fitness could reduce residual fatigue and muscle damage 

following competition.  

 

In addition to aerobic fitness, muscular strength has the potential to influence the fatigue 

response. Although collisions play a major role in the muscle damage and fatigue response 

[27, 47], high-speed movements also induce symptoms of fatigue [27, 30, 47]. Therefore, 

players who possess greater muscular strength and eccentric strength in particular, may be 

more suited to dealing with the forces associated with these movements. Indeed, greater 

strength appears to augment the stretch-shortening cycle, potentially placing less stress on the 

contractile components of the muscle [48, 49]. Byrne et al., [50] suggested that enhancing the 

stretch-shortening cycle capabilities of the muscle may moderate the effects of muscle 
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damage. Therefore, greater muscular strength may limit neuromuscular fatigue and muscle 

damage following match-play.   

 

The purpose of this study is to assess whether physical qualities influence post-match markers 

of fatigue in rugby league players.  Such information would allow coaches to better manage 

post-game recovery practices and reduce disruption to training. It is hypothesised that greater 

high-speed running ability and muscular strength will be associated with reductions in post-

game neuromuscular fatigue and markers of muscle damage.  

 

5.3.3 Methods 

 

5.3.3.1 Subjects 

High-intensity intermittent running ability, and upper and lower body muscular strength were 

assessed in 21 male sub-elite youth rugby league players (age 19.2 ± 0.7 years; height 180.7 ± 

5.6 cm; body mass 89.9 ± 10.0 kg). The players were from the same under 20’s side of a 

Queensland Cup team.  The Queensland Cup is a feeder competition to the Australian 

National Rugby League. Neuromuscular fatigue and blood CK were assessed before and after 

two competitive fixtures separated by 7 days. Prior to the study, players attended an 

information session outlining experimental procedures. Over the course of the testing period, 

players were asked to maintain their normal diet. Following each match, players engaged in 

no physical activity until reporting to training at 48 h post-match. In accordance with the 

Code of Ethics of the World Medical Association (Declaration of Helsinki), informed consent 

and approval from the Australian Catholic University’s ethical review board for human 

research was obtained. 

 

5.3.3.2 Protocol 

Within fourteen days prior to the first match of the study, players performed the Yo-Yo 

intermittent recovery test (IRT) level 1, as well as a 3 repetition maximum (RM) bench press 

and back squat at the start of two training sessions.  Testing sessions were separated by two 

days. Players were free from injury at the time of testing, and avoided exercise for 48 h prior 
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to each test. On the first night, players performed the Yo-Yo IRT level 1 to assess high-

intensity intermittent running ability as described previously [183]. The test was performed on 

a floodlit grass pitch; players wore studded boots and training kit to complete the test. The 

typical error of measurement (TE) for this test is 4.9% [183].  

 

Two days later, upper and lower body muscular strength was assessed using a 3 repetition 

maximum (RM) bench press and back squat respectively, using free-weight Olympic bars. 

Players were given two warm-up sets of increasing loads before attempting to lift their 

previous 3RM. If successful, after a 3-5 min rest, players increased the load by a minimum of 

5 kg until they reached their new 3RM. The tests were conducted using the same procedures 

outlined by Baker and Nance [122]. The TE for the bench press and back squat was 2.5% and 

3.5% respectively. 

 

5.3.3.3 Markers of Fatigue 

Neuromuscular fatigue was assessed immediately before, immediately after, 24 h, and 48 h 

following both games. Lower and upper body peak power was assessed using a 

countermovement jump (CMJ) and a plyometric push-up (PP) [30]. For the PP, players 

started in a push-up position with their hands on the force platform in a self-selected position, 

and arms extended. On the experimenter’s signal, players were required to lower their body 

by flexing the elbows to a self-selected depth before extending the elbows as fast as possible 

so that their hands left the platform. Both exercises were performed on a force platform 

(Kistler 9290AD Force Platform, Kistler, USA) interfaced with a laptop (Acer Aspire 2930, 

Acer, UK) running manufacturer designed software (QuattroJump, Kistler, USA). Previous 

research has reported TE for CMJ peak power as 2.9% [151]. The TE for PP peak power was 

3.5%.  

 

Blood CK was assessed as an indirect marker of muscle damage at the same time points as 

neuromuscular fatigue. After pre-warming of the hand, a 30 μl sample of blood was taken 

from a fingertip and analysed using a colorimetric assay procedure (Reflotron, Boehringer 
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Mannheim, Germany). Before each testing session, the instrument was calibrated in 

accordance with manufacturer recommendations [27, 30]. The TE for CK was 3.3%. 

 

5.3.3.4 Match Activities 

Game movements were assessed by GPS microtechnology devices. The GPS units sampled at 

10 Hz (Team S4, Firmware 6.88, Catapult Sports, VIC, Australia) and included 100 Hz tri-

axial accelerometers, gyroscopes, and magnetometers to provide information on collisions. 

Data were downloaded to a laptop (Acer Aspire 2930, Acer, UK) and subsequently analysed 

(Sprint, Version 5, Catapult Sports, VIC, Australia). Data were categorised into low (0-5 m·s
-

1
), high (≥5.1 m·s

-1
), and very high-speed (≥7.1 m·s

-1
) movement bands.  Repeated high-

intensity effort (RHIE) bouts were classified as 3 or more maximal acceleration (≥2.78 m·s
-2

), 

high-speed, or contact efforts with less than 21 s between each effort [2]. These units have 

been shown to offer a valid and reliable method of quantifying movements and collisions that 

are commonplace in rugby league [160, 164]. To assess internal load, within 30 min 

following each game, rating of perceived exertion (RPE [CR-10]) was recorded and 

multiplied by minutes played [205].  

 

5.3.3.5 Statistical Analyses 

To control for playing position, players were divided into forwards and backs.  A median 

split, based on fitness test results, was used to further divide the players into high- and low-

fitness groups. This ensured there was an even spread of positions between groups. The 

differences in fatigue, muscle damage and match demands between the high- and low-groups 

and changes over time were determined using traditional significance testing, and magnitude 

based inferences. In order to determine changes in neuromuscular function and blood CK and 

differences between groups, a two-way (group x time) repeated measures ANOVA was used 

to determine the statistical significance of any differences. To compare differences in match 

demands between high- and low-fitness groups, independent-samples t-tests were used.  

 

Based on the real-world relevance of the results, magnitude based inferences were used to 

assess the meaningfulness of any differences. Firstly, the likelihood that changes in the 
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dependent variables were greater than the smallest worthwhile change was calculated as a 

small effect size of 0.20 x the between subject standard deviation. Based on 90% confidence 

intervals , the thresholds used for assigning qualitative terms to chances were as follows: <1% 

almost certainly not; <5% very unlikely; <25% unlikely; <50% possibly not; >50% possibly; 

>75% likely; >95% very likely; >99% almost certain.[174] The magnitude of difference was 

considered practically meaningful when the likelihood was ≥75%. Secondly, magnitudes of 

change in the dependent variables were assessed using Cohen’s effect size (ES) statistic ± 

95% confidence intervals [175]. Effect sizes (ES) of 0.20-0.60, 0.61-1.19, and ≥1.20 were 

considered small, moderate and large respectively [176]. Data are reported as means ± 

standard deviation (SD); the significance level was set at p<0.05. 

 

5.3.4 Results 

Players were divided into high- and low-groups based on Yo-Yo IRT (high: Yo-Yo IRT = 

1516 ± 182 m, body mass = 86.9 ± 9.3 kg; low: Yo-Yo IRT = 1196 ± 70 m, body mass = 90.4 

± 10.3 kg); 3RM back squat (high: squat = 145 ± 17 kg, body mass = 87.9 ± 10.1 kg; low: 

squat = 119 ± 9 kg, body mass = 90.3 ± 9.3 kg); and 3RM bench press (high: bench press = 

113 ± 12 kg, body mass = 89.6 ± 19.0; low: bench press = 91.5 ± 3 kg, body mass = 85.6 ± 

17.2 kg).  

 

There was no significant difference in playing time between high- and low-groups based on 

any physical quality. Players with high Yo-Yo IRT covered significantly greater distances at 

high- (p = 0.028; ES = 0.88 ± 0.21) and very high-speeds (p = 0.023; ES = 0.91 ± 0.27). 

Players with high back squat performance had greater total (p = 0.040; ES = 0.73 ± 0.15), and 

high-speed distances (p = 0.011; ES = 0.99 ± 0.22), internal load (p = 0.018; ES = 1.00 ± 

0.17), collisions (p = 0.032; ES = 0.99 ± 0.11) and RHIE bouts (p = 0.020; ES = 0.89 ± 0.13) 

(Table 5.3). 
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Table 5.4. Differences in match demands between players based on Yo-Yo, back squat, and bench press performance. † 

 Yo-Yo  Back Squat Bench Press 

 High Low ES High Low ES High Low ES 

Absolute Demands          

Playing Time (min) 54 ± 22 49 ± 20 0.27 57 ± 20 44 ± 19 0.65 56 ± 18 47 ± 22 0.46 

Distance (m) 5391 ± 1350 4898 ± 1658 0.33 5587 ± 1033* 4531 ± 1754 0.73 5325 ± 1254 4958 ± 1740 0.24 

LSA (m) 4927 ± 1212 4564 ± 1601 0.26 5158 ±1038 4231 ± 1660 0.67 4935 ± 1217 4556 ± 1596 0.27 

HSR (m) 332 ± 126* 230 ± 104 0.88 323 ± 102* 216 ± 116 0.99 282 ± 126 275 ± 129 0.06 

VHSR (m) 53 ± 48* 20 ± 17 0.91 46 ± 40 24 ± 36 0.57 37 ± 31 35 ± 45 0.07 

Contact Efforts (no.) 23 ± 9 26 ± 12 0.26 29 ± 10* 20 ± 9 0.99 27 ± 11 22 ± 9 0.49 

RHIE Bouts (no.) 3 ± 2 3 ± 3 0.03 4 ± 3* 2 ± 1 0.89 3 ± 3 3 ± 2 0.05 

Internal Load (AU) 314 ± 168 273 ± 152 0.26 373 ± 148* 244 ± 107 1.00 329 ± 169 292 ± 110 0.26 

Relative Demands          

Distance (m·min
-1

) 93 ± 9 93 ± 11 0.06 91 ± 7 95 ± 13 0.33 91 ± 7 94 ± 12 0.32 

LSA (m·min
-1

) 85 ± 8 86 ± 10 0.08 84 ± 5 88 ± 11 0.48 84 ± 6 87 ± 11 0.30 

HSR (m·min
-1

) 6 ± 2* 4 ± 1 0.87 5 ± 2 5 ± 2 0.41 5 ± 1 5 ± 2 0.42 

VHSR (m·min
-1

) 0.9 ± 1.0 0.5 ± 0.6 0.56 0.8 ± 0.9 0.6 ± 0.8 0.26 0.7 ± 0.6 0.7 ± 1.0 0.04 

Contacts (no./min) 0.4 ± 0.2 0.5 ± 0.2 0.45 0.5 ± 0.2 0.4 ± 0.2 0.35 0.5 ± 0.2 0.4 ± 0.2 0.12 

RHIE Bout Frequency 1 every 33 min 1 every 31 min 0.09 1 every 31 min 1 every 34 min 0.13 1 every 36 min 1 every 28 min 0.36 

† Data are presented as means ± SD. Yo-Yo = Yo-Yo intermittent recovery test (level 1); Back Squat = 3 repetition maximum back squat; Bench 

Press = 3 repetition maximum bench press. LSA = low-speed activity (<5 m·s
-1

); HSR = high-speed running (≥5.1 m·s
-1

); VHSR = very-high speed 

running (≥7.1 m·s
-1

); RHIE Bout = repeated high-intensity effort bout (3 or more maximal acceleration, high speed or contact efforts with ≤21 seconds 

between each effort); Internal Load = rating of perceived exertion x minutes played. * Denotes significantly greater than the low group (p<0.05). ES = 

effect size difference; effect sizes of 0.20-0.60, 0.61-1.19, and ≥1.20 were considered small, moderate and large respectively. 
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The games induced significant and large reductions in CMJ power, peaking immediately post-

match (-6.5 ± 7.0%; p = 0.002; ES = -1.31 ± 0.43; likelihood = likely, 92%) before gradually 

returning towards baseline at 24 h post-match (-3.1 ± 8.2%; p = 0.514; ES = -0.53 ± 0.67; 

likelihood = possibly, 69%), and 48 h post-match (-1.5 ± 5.9%; p = 1.00; ES = -0.36 ± 0.55; 

likelihood = possibly, 70%). When players were divided into high- and low-groups based on 

Yo-Yo performance, there was a significant main effect of time (p = 0.018) and group (p = 

0.032), as well as a group by time interaction (p = 0.017) for lower body neuromuscular 

fatigue (Figure 5.5A). There were large reductions in CMJ power in both groups immediately 

post-match (high-group ES = -1.80; low-group ES = -1.64). By 24 h post-match CMJ power 

in the high Yo-Yo group had returned to baseline values; in the low-group, there were still 

large reductions at 24 h (ES = -2.94 ± 0.95) and 48 h (ES = -1.51 ± 0.74) post-match. 

Furthermore, there were large differences between groups at these time points (24 h ES = -

1.83 ± 0.52, likelihood = likely, 76%; 48 h ES = -1.33 ± 0.48, likelihood = possibly, 52%). 

There was no difference between groups for changes in CMJ power at any time point when 

players were split into high- and low-groups based on 3RM squat (Figure 5.5B; p = 0.948), 

and 3RM bench press (Figure 5.5C; p = 0.357).  
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Figure 5.5. Changes in countermovement jump peak power following match-play with 

players split into high- and low-fitness groups based on Yo-Yo (A), back squat (B), and bench 

press (C) performance. Data are presented as means ± SD. L
b
 Denotes a large effect size 

difference ≥1.20) compared with baseline. L
g
 Denotes a large effect size difference between 

groups. 
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Figure 5.6. Changes in plyometric push-up peak power following match-play with players 

split into high- and low-fitness groups based on Yo-Yo (A), back squat (B), and bench press 

(C) performance. Data are presented as means ± SD. L
b
 Denotes a large effect size difference 

(≥1.20) compared with baseline. 
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Figure 5.7. Changes in blood creatine kinase following match-play with players split into 

high- and low-fitness groups based on Yo-Yo (A), back squat (B), and bench press (C) 

performance. Data are presented as means ± SD. L
b
 Denotes a large effect size difference 

(≥1.20) compared with baseline. L
g
 Denotes a large effect size difference between groups. 
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The games induced significant and large reductions in PP power, peaking immediately post-

match (-14.6 ± 10.4; p = 0.001; ES = -1.97 ± 0.61; likelihood = almost certain, 100%), before 

gradually recovering at 24 h (-10.2 ± 9.5; p = 0.001; ES = -1.54 ± 0.53; likelihood = very 

likely, 96%) and 48 h post-match (-4.1 ± 10.2%; p = 0.412; ES = -0.56 ± 0.36; likelihood = 

likely, 90%). When players were split into high- and low-groups based on Yo-Yo 

performance (Figure 5.6A), there were greater reductions in PP power in the low Yo-Yo 

group, however, these differences were non-significant (p = 0.691) and small in magnitude 

(ES = -0.41 to -0.50). There was a similar non-significant trend when players were divided 

into groups based on 3RM squat (Figure 5.6B; p = 0.359), with the low-group showing 

moderately greater reductions in PP power 24 h post-match (ES = -0.83 ± 0.65). There was no 

difference in PP power between high and low bench press groups (Figure 5.6C; p = 0.908).  

 

Overall, there were significant and large increases in blood CK at each time point, peaking 24 

h post-match (126 ± 92%; p = 0.001; ES = 1.93 ± 0.98; likelihood = almost certain, 100%). 

Although CK showed some recovery, it was still 55 ± 58% elevated above baseline levels (p 

= 0.002; ES = 1.34 ± 0.75; likelihood = almost certain, 100%) 48 h post-match. Based on Yo-

Yo performance, there was a significant main effect of group (p = 0.015) and a group by time 

interaction (p = 0.027) for blood CK (Figure 5.7A). Compared with the high-Yo-Yo group, 

there were larger increases in blood CK in the low-group at 24 h (73 ± 43% vs. 176 ± 99%; 

ES = 1.50 ± 0.78; likelihood = very likely, 99%) and 48 h post-match (28% vs. 80%; ES = 

1.22 ± 0.61; likelihood = very likely, 98%). There were small differences between groups 

based on 3RM squat (Figure 5.7B; p = 0.632; ES = 0.25 to 0.39) and bench press (Figure 

5.7C; p = 0.531; ES = 0.03 to 0.39). 

 

5.3.5 Discussion 

This is the first study to determine the influence of physical qualities on the fatigue responses 

following rugby league competition. We found that a sub-elite game of youth rugby league 

resulted in significant neuromuscular fatigue to both the upper and lower body, and increased 

markers of muscle damage. Reductions in CMJ power peaked immediately post game, 

recovering by 48 h post-match; reductions in PP power peaked immediately post-game, and 

was still reduced 48 h post-match; CK peaked at 24 h, and despite decreasing, was still 
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elevated at 48 h post-match. Despite players with high Yo-Yo IRT performance covering 

greater high-speed distances, these players showed a faster recovery in CMJ power, and 

smaller increases in blood CK following match-play. Additionally, high squat performance 

was associated with greater running, collision, repeated-effort, and internal loads, yet these 

players displayed similar reductions in CMJ power, and smaller changes in upper body 

power, and blood CK. This study highlights that in order to minimise the fatigue response 

following match-play, coaches should aim to maximise high-intensity running ability and 

lower body strength. 

 

Whilst there were reductions in CMJ power post-match, these reductions were lower in 

players with high Yo-Yo IRT performance, despite these players experiencing greater match 

running loads. Although there were similar reductions in CMJ power based on lower and 

upper body strength, the collision, running, repeated-effort, and internal loads were greater in 

the high squat group compared with the low squat group. A potential explanation for this 

could be that players with well-developed high-intensity running ability and lower body 

strength possess greater eccentric strength, and the ability to utilise the stretch-shortening 

cycle [48, 49]. Therefore the high-intensity movements that players are required to perform in 

competition result in less neuromuscular fatigue. In addition, enhanced aerobic qualities 

appear to reduce the metabolic disturbances following intense intermittent exercise [45, 46]. 

In accordance with previous findings [24, 28], players with well-developed high-intensity 

running ability and lower body strength perform greater total and high-speed distances and 

RHIE bouts during competition. With this in mind, high-intensity running ability and lower 

body strength appear important for physical performance and limiting post-match reductions 

in CMJ power.  

 

Based on physical qualities, there was little difference in the reductions in PP peak power 

between high- and low-groups. Despite this, the reductions in peak power were slightly 

greater in both low Yo-Yo IRT and back squat groups. Indeed, there was a moderately greater 

reduction in peak power at 24 h post-match in the low squat group. Given that contact efforts 

account for the majority of upper body fatigue [47], and that the high squat group performed 

significantly more contact efforts, this result is even more noteworthy. A potential explanation 
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could be that these players may be more likely to utilise their lower body for strong leg drive 

in order to ‘win’ the contact rather than wrestling the player onto their back using their upper 

body musculature. Although speculative, this could have preserved upper body power in 

players with high lower body strength. Collectively, these data suggest that despite greater 

absolute match loads, well developed high-intensity running ability and lower body strength 

help protect players against post-match upper body neuromuscular fatigue. 

  

Consistent with previous research [27], there were large increases in CK peaking 24 h post-

match independent of physical qualities. There were significantly greater increases in CK in 

the low Yo-Yo IRT group that were large in magnitude at 24 and 48 h post-match. Along with 

previous research that found well-developed aerobic fitness resulted in smaller disturbances in 

blood CK [40], this study suggests that high-intensity running ability also has comparable 

protective effects. Similar to the reductions in CMJ power, this may be explained by the 

muscles being better conditioned to tolerate the eccentric and stretch-shortening cycle muscle 

actions associated with the high-intensity movements of match-play, which traditionally 

increases CK [50]. Although the high squat group performed significantly more contact 

efforts, which are largely responsible for increases in CK [47], they recorded moderately 

smaller increases in CK. A reason for this could be that lower body strength results in greater 

leg drive in contact, resulting in more dominant tackles [96, 141], and minimising blunt force 

trauma that elevates CK [27]. Given the potential for elevated CK to compromise match 

performance [30, 150], it would appear vital to limit these increases. As such, developing 

lower body strength and high-intensity running ability is vital to guard against unmanageable 

increases in blood CK. 

 

5.3.6 Conclusions 

The results of this study demonstrate that sub-elite youth rugby league games induce 

significant amounts of neuromuscular fatigue and markers of muscle damage. Lower body 

neuromuscular fatigue recovered by 48 h post game, whereas upper body fatigue, and blood 

CK was still elevated. Post-match fatigue was reduced in players with well-developed high-

intensity running ability, and lower body strength despite these players having greater internal 

and external absolute loads during competition. Therefore, strength and conditioning coaches 
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should aim to maximise lower body strength and high-intensity running ability during the pre-

season period to minimise the fatigue response to competition. Although this study gives an 

insight into the influence physical qualities may have on the post-match fatigue response, 

there are some limitations that should be acknowledged. The fatigue responses were only 

assessed following two competitive games. Using a greater number of games to increase the 

sample size should be an area of future research. Furthermore, we only investigated a limited 

number of physical qualities. Future studies should assess the influence of a broader range of 

qualities on post-match fatigue.  

 

5.3.7 Practical Applications 

 Lower body fatigue is recovered by 48 h post-match in sub-elite youth rugby league 

players, although this can be reduced to 24 h with well-developed high-intensity 

running ability. 

 Upper body fatigue and markers of muscle damage are still present 48 h after match-

play. 

 Improving high-intensity running ability and lower body strength is likely to minimise 

post-match fatigue and muscle damage markers. 
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5.4 Study 8: Influence of playing standard and physical fitness on activity 

profiles and post-match fatigue during intensified rugby league competition 

 

 

This study has been accepted for publication following peer review. Full reference details are: 

Johnston RD, Gabbett TJ, and Jenkins DG. Influence of playing standard and physical fitness 

on activity profiles and post-match fatigue during intensified rugby league competition. 

Sports Med Open, in press, 2015. 
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5.4.1 Abstract 

The purpose of this study was to determine whether the fatigue responses to the same 

intensified rugby league competition differed depending on playing standard and physical 

fitness. A between groups, repeated measures experimental design was used. Players from a 

high-standard (n = 15) and a low-standard (n = 16) junior rugby league team had lower-body 

neuromuscular fatigue, perceptual wellbeing, and blood creatine kinase (CK) assessed over an 

intensified competition. Global positioning system units measured match activity profiles and 

rating of perceived exertion assessed internal loads. Players were divided into high- and low-

fitness groups across the two standards based on Yo-Yo intermittent recovery test 

performance. Playing intensity increased with playing standard and fitness levels (high-

standard = 92 ± 6 m·min
-1 

vs. 88 ± 6 m·min
-1

; low-standard = 88 ± 2 m·min
-1 

vs. 83 ± 6 m·min
-

1
). Despite greater internal and external loads, high-fitness players showed smaller reductions 

in lower-body power (high-standard ES = -0.74; low standard ES = -0.41). High-standard 

players had smaller increases in blood CK (77 ± 94% vs. 113 ± 81%; ES = -0.41), primarily 

due to very small increases in the high-fitness group (50 ± 45%). Increased fitness leads to 

greater internal and external workloads during intensified competition, smaller increases in 

blood CK, and less neuromuscular fatigue. Maximising player fitness should be a primary 

goal of coaches in order to increase match workloads and reduce post-match fatigue during 

intensified competition. 
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5.4.2 Introduction 

Rugby league is a physically demanding sport that involves periods of high-intensity activity 

(e.g. high-speed running, sprinting, physical contact) interspersed with periods of low-

intensity activity (e.g. standing, walking jogging) [2]. During competition, players typically 

cover relative distances of 90-100 m.min
-1

 [2, 5, 8], which increases with playing standard 

[58]. In addition to these running demands, players frequently engage in physical contact (i.e. 

tackles, hit-ups, and wrestles) during attack and defence [5]. Gabbett et al., [10] reported that 

players performed 24-47 contact efforts during a game at an average frequency of 0.38-1.09
 

contacts.min
-1

, although players can perform up to 1.9 ± 0.7 contacts.min
-1

 depending on 

playing position, phase of play and field position [25].  

 

Given the intense physical demands of rugby league, it is no surprise increased markers of 

muscle damage, as well as neuromuscular and perceptual fatigue are observed following 

match-play [27, 34, 139]. While this fatigue is generally transient in nature, typically 

persisting for 24-48 h after competition, muscle damage can last for five days [34]. As such, 

during tournaments or periods of congested fixtures when players may be required to play 

multiple games within a week, insufficient recovery may occur [30]. Indeed, during rugby 

league [30, 150], basketball [29], and soccer tournaments [37], fatigue accumulates, which 

compromises high-intensity match activities during the latter stages of the competition. 

Johnston et al., [150] showed relative distance covered at high-speeds was reduced by 50 and 

60% in the final two games of an intensified rugby league tournament. Whilst studies from 

basketball and soccer suggest that recovery strategies, and in particular cold water immersion, 

may be useful to minimise fatigue-mediated reductions in performance during intensified 

competitions [29, 37, 206], physical qualities such as high-intensity running ability and lower 

body strength, also appear to play an important role in minimising post-match fatigue in 

rugby league players [139]. Although physical qualities may attenuate post-match fatigue 

following regular games [139], it is unclear whether they could help minimise fatigue that 

may occur during intensified rugby league competition [30, 150].  

 

It is well documented that the intensity of match-play increases with competitive standard [58, 

60, 61]. Indeed, Gabbett reported that during a junior rugby league tournament, first division 
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players covered greater meters per minute at both low- and high-speeds, and engaged in a 

higher frequency of collisions and repeated high-intensity effort (RHIE) bouts than third 

division players [60]. As such, it would seem logical that increased playing intensity would 

lead to greater fatigue; however, this may be offset by enhanced physical qualities [139]. As 

playing standard increases in junior players, so too do physical qualities [73, 91], which 

appear central to minimising post-match fatigue [139]. With this in mind, the aims of this 

study were to investigate whether there was a difference between (1) fatigue responses based 

on playing level (2) fatigue responses based on physical fitness and (3) match activity profiles 

based on playing standard and physical fitness during the same intensified rugby league 

competition. It was hypothesised that players competing in the first division (high-standard) 

would have smaller increases in fatigue despite increased match intensity than players 

competing in the third division (low-standard) of the competition. In addition, we 

hypothesised that players from both high- and low-standard teams with well-developed 

physical qualities would experience less fatigue and greater workloads over the course of the 

competition.  

 

5.4.3 Methods 

5.4.3.1 Design 

In order to test our hypotheses, a between groups, repeated measures experimental design was 

used. Players from two junior teams (one high- and one low-standard) were tracked for 

markers of fatigue (neuromuscular and perceptual wellbeing) and muscle damage (blood 

creatine kinase [CK]) during an intensified rugby league competition. In addition, global 

positioning system (GPS) microtechnology provided information on the activity profiles of 

players during matches. To assess the impact of physical fitness on match activities and post-

match fatigue, players were also divided into high- and low-fitness groups based on their Yo-

Yo intermittent recovery rest (IRT) level 1 performance.  

 

5.4.3.2 Subjects 

Thirty-one junior rugby league players (age 16.5 ± 0.5 years; body mass 79.6 ± 11.6 kg) 

competing for two separate schools in the 2014 Confraternity Shield tournament volunteered 

to participate in the study. One team was competing in the first division of the competition, 
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and represented the high-standard team (entire team, n = 15; age 16.6 ± 0.5 years; body mass 

78.5 ± 9.9 kg; high-fitness group, n = 8; age 16.6 ± 0.6 years; body mass 78.2 ± 8.8 kg; low-

fitness group, n = 7; age 16.5 ± 0.6 years; body mass 78.9 ± 11.2 kg), the second team was 

competing in the third division, representing the low-standard team (entire team, n = 16; age 

16.5 ± 0.6 years; body mass 79.6 ± 13.4 kg; high-fitness group, n = 8; age 16.3 ± 0.4 years; 

body mass 77.2 ± 10.8 kg; low-fitness group, n = 8; age 16.7 ± 0.6 years; body mass 84.8 ± 

16.6 kg). The tournament took place in July, three months into the competitive season. All 

players were free from injury at the time of testing and were asked to maintain their normal 

diet throughout the competition; water was available ad libitum throughout. Before the study, 

players attended a familiarisation session and received an information sheet outlining 

experimental procedures, and the associated risks and benefits of participation. In accordance 

with the Code of Ethics of the World Medical Association (Declaration of Helsinki), players 

received an information sheet outlining experimental procedures; written informed consent 

was obtained from each player and their legal guardian. The study was approved by the 

Australian Catholic University ethical review board for human research. 

 

5.4.3.3 Protocol 

Ten days prior to the tournament, the Yo-Yo IRT level 1 was used to assess high-intensity 

intermittent running ability [183]. The test was performed at 15:00 hrs on a grassed playing 

surface at the start of a training session; players wore studded boots and training kit to 

complete the test. The test requires players to complete a 20 m shuttle at progressively faster 

speeds whilst keeping in time with an audio signal. Between each shuttle, there is a 10 s 

period of active recovery involving a jog/walk around a cone placed 5 m from the start/finish 

line. When players failed to keep in time with the audio signals on 2 consecutive occasions 

they were deemed to have failed the test; the last level successfully completed, and the 

corresponding metres covered, were used as the final score for the test. The Players were 

asked to maintain their normal diet and refrain from physical activity during the 24 hours 

prior to the test. Some of the players were unfamiliar with the test so the first two levels of the 

test were incorporated into the warm-up to familiarise players with the test protocol. The 

typical error of measurement (TE) for this test is 4.9% [183]. A schematic overview of the 

protocol can be seen in Figure 5.8. 
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Figure 5.8. A schematic overview of the data collection protocol. Yo-Yo IRT = Yo-Yo 

intermittent recovery test (level 1); Fatigue Measures were conducted within 1 hour after the 

final game of each day and included a countermovement jump, blood creatine kinase, and 

perceptual wellbeing. 

 

The first 4 games of the tournament were 40 min (2 x 20 min halves), with the final game 

being 50 min (2 x 25 min halves) in duration. Two games were played on both days 1 and 2, 

no games on day 3 and one game on day 4, totalling 5 games (210 min) over a 4 day period. 

Baseline measurements of neuromuscular fatigue, muscle damage, and perceived wellbeing 

were assessed approximately 12 hrs prior to game 1.  Subsequent fatigue and muscle damage 

measures were taken within 1 hr of the final match of each day. On day 3, when no games 

were played, fatigue measures were assessed at the same time as they were on other days 

(~14:00-16:00 hrs). The average temperature, rainfall, and humidity over the competition 

period were 20.6 ± 2.2 °C, 0.00 ± 0.00 mm, and 51.0 ± 15.3%, respectively. 

 

5.4.3.4 Markers of Fatigue 

Lower-body neuromuscular fatigue was assessed using peak power from a single 

countermovement jump (CMJ) performed on a force platform (Kistler 9290AD Force 

Platform, Kistler, USA) interfaced with a laptop (Acer Aspire 2930, Acer, UK) running 

manufacturer designed software (QuattroJump, Kistler, USA) [30]. Players kept their hands 

on their hips throughout the jump; no instruction was given on the depth of the 

countermovement, but players were asked to jump as high as possible on the experimenter’s 
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signal in line with previous methodology [30]. The typical error of measurement (TE) from 

our laboratory for CMJ peak power is 3.5%. Peak power was used to assess neuromuscular 

fatigue as it offers good reliability and ensures consistency with previous rugby league 

literature [30, 33, 34, 47, 139]. 

 

Whole-blood CK activity was used as a marker of muscle damage. A 30 μl sample of blood 

was taken from a fingertip and immediately analysed using a colorimetric assay procedure 

(Reflotron, Boehringer Mannheim, Germany). Before each testing session, the instrument was 

calibrated in accordance with the manufacturer recommendations. The “normal” reference 

range for CK activity, as provided by the manufacturer using this method, is 24–195 IU·l
-1

 

[27, 30, 189]. The TE for assessing CK was 3.3%. 

 

Each day, perceived wellbeing was assessed by the experimenter asking players to rate 

feelings of fatigue, lower- and upper-body muscle soreness, sleep quality, mood and stress on 

0-5 Likert scales, with the individual scores summated to give an overall wellbeing score 

using methods outlined previously [30]. The test re-test reliability for the perceptual wellbeing 

questionnaire was determined by having 12 rugby league players complete the questionnaire 

on two separate occasions, 7 days apart following 36 hours of no physical activity; the TE for 

perceptual wellbeing was 3.0%. Additionally, 30 min after each game, rating of perceived 

exertion (RPE) was recorded using a modified RPE scale (CR-10) to rate how hard players 

perceived each game. The RPE score was then multiplied by the number of min played to 

determine session RPE as a measure of internal load [172]. This method of assessing internal 

loads has shown to have appropriate levels of validity and reliability (TE = 4.0%) in rugby 

league players [184].  

 

5.4.3.5 Match Activities 

Activity profiles during competition were assessed by GPS analysis. Prior to the warm-up 

before each game, players were fitted with the GPS vest and unit; the unit was switched on, 

and inserted into a padded compartment at the rear of the vest, positioned between the 

shoulder blades.  The GPS units sampled at 10 Hz (Team S4, Catapult Sports, VIC, Australia) 
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and included a tri-axial accelerometer and gyroscope sampling at 100 Hz to provide 

information on collisions. Data were downloaded to a laptop (Acer Aspire 2930, Acer, UK) 

and analysed using software provided by the manufacturer (Sprint, Version 5.1.1, Catapult 

Sports, VIC, Australia). Non-playing minutes were omitted from the analysis. Data were 

categorised into low (0-3.5 m·s
-1

), moderate (3.6-5.0 m·s
-1

) and high speed (≥5.1 m·s
-1

) 

movement bands [62]; the total number of collisions was recorded as described previously 

[2].  In addition, the average speed of each game (m·min
-1

) was calculated in relation to the 

final speed reached by players on the Yo-Yo IRT (m·min
-1

) in order to express the speed of 

the match in relation to the physical capacity of each player. Repeated high-intensity effort 

(RHIE) bouts were classified as 3 or more maximal acceleration (≥2.78 m·s
-2

), high-speed, or 

impact efforts with less than 21 s between each effort [2]. These units are reliable for 

quantifying movements commonplace in rugby league [160, 164, 166]. 

 

5.4.3.6 Statistical Analyses 

In order to determine the influence of physical fitness on match activities and post-match 

fatigue, players from both the high- and low-standard team were matched for position 

(forwards and backs) before being divided into low and high-fitness groups, using a median 

split, based on Yo-Yo IRT performance. This ensured that there was an even number of 

forwards and backs in both fitness groups so that the fatigue responses were not influenced by 

the different match activities performed by each positional group. This provided us with four 

experimental groups based on Yo-Yo IRT performance: high-standard/high-fitness, high-

standard/low-fitness, low-standard/high-fitness, and low-standard/low-fitness.  

 

Differences in fatigue, muscle damage and activity profiles between the high- and low-

standard and high- and low-fitness playing groups and changes over time were determined 

using traditional null hypothesis testing, and magnitude based inferences. To compare 

differences in Yo-Yo IRT performance and match activity profiles between high- and low-

standard playing groups and fitness levels, a two-way group (high- vs. low-standard) x fitness 

(high-standard/high-fitness vs. high-standard/low-fitness vs. low-standard/high-fitness vs. 

low-standard/low-fitness) ANOVA was used. A three-way group (high- vs. low-standard) x 

time (Baseline vs. Day 1 vs. 2 vs. 3 vs. 4) x fitness (high-standard/high-fitness vs. high-
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standard/low-fitness vs. low-standard/high-fitness vs. low-standard/low-fitness) repeated 

measures ANOVA (SPSS 22.0, SPSS Inc, Chicago, IL, USA) was used to determine changes 

in neuromuscular fatigue, blood CK, and activity profiles between playing standards and 

fitness levels. If significant main effects were found, Bonferroni post hoc analyses were 

performed to locate the differences. Changes and differences in perceptual wellbeing and RPE 

were analysed using a Kruskal-Wallis test. Based on the real-world relevance of the results, 

magnitude based inferences were used to assess the meaningfulness of any differences. 

Firstly, the likelihood that changes in the dependent variables were greater than the smallest 

worthwhile change was calculated as a small effect size of 0.20 x between subject standard 

deviation. Based on 90% confidence intervals , the thresholds used for assigning qualitative 

terms to chances were as follows: <1% almost certainly not; <5% very unlikely; <25% 

unlikely; <50% possibly not; >50% possibly; >75% likely; >95% very likely; >99% almost 

certain [174]. The magnitude of difference was considered practically meaningful when the 

likelihood was ≥75%. Secondly, magnitudes of change in the dependent variables were 

assessed using Cohen’s effect size (ES) statistic [175]. Effect sizes (ES) of 0.20-0.60, 0.61-

1.19, and ≥1.20 were considered small, moderate and large, respectively [176]. Data are 

reported as means ± standard deviation (SD); the significance level was set at p<0.05.  

 

5.4.4 Results 

5.4.4.1 Match Activity Profiles 

5.4.4.1.1 Playing Standard and Activity Profiles 

There were a number of differences in match activity profiles between the high- and low-

standard playing groups (Table 5.5). The greatest differences were seen in absolute workloads 

across the 5 games, primarily due to the high-standard players completing more playing 

minutes. Despite this, there was still greater relative distance (p = 0.05) covered at both high 

(p = 0.224) and moderate speeds (p = 0.02) in the high-standard group, more frequent 

collisions (p = 0.019) and RHIE bouts (p = 0.004), and greater internal loads highlighted by 

session-RPE (p = 0.001). High-standard players covered significantly greater distances on the 

Yo-Yo IRT (p = 0.001; Table 5.5). When match speed (m.min
-1

) was expressed relative to 

maximal Yo-Yo IRT speed, there was no difference in match intensity (p = 0.75). 
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Table 5.5. Physical qualities and average match activity profiles across the tournament between the high- 

and low-standard team. †  

 High-standard Low-standard ES Likelihood 

Playing time (min) 36 ± 6* 30 ± 8 0.85 96%, Very Likely 

Distance covered (m) 3327 ± 588* 2516 ± 720 1.24 100%, Almost Certain  

Relative distance (m·min
-1

) 90 ± 7* 85 ± 7 0.71 92%, Likely  

Low- speed activity (m) 2525 ± 444* 2074 ± 576 0.88 96%, Very Likely 

Low-speed activity (m·min
-1

) 71 ± 5 69 ± 6 0.19 56%, Possibly 

Moderate-speed running (m) 434 ± 115* 274 ± 94 1.52 100%, Almost Certain 

Moderate-speed running (m·min
-1

) 13 ± 3* 9 ± 2 1.58 100%, Almost Certain 

High-speed running (m) 174 ± 51* 116 ± 58 1.07 99%, Very Likely 

High- speed running (m·min
-1

) 4.3 ± 1.1 3.8 ± 1.0 0.52 81%, Likely 

Match speed vs. Yo-Yo speed (%) 34 ± 3 34 ± 3 0.05 25%, Unlikely 

Collisions 
    

Total (no.) 15 ± 7* 9 ± 3 1.30 100%, Almost Certain 

Total (no./min) 0.4 ± 0.2* 0.3 ± 0.1 0.72 76%, Likely 

Repeated High-Intensity Efforts 
    

Bouts (no.) 3.2 ± 1.8* 1.3 ± 0.6 1.43 100%, Almost Certain 

Bout frequency (no./min) 1 every 17 min* 1 every 23 min 0.62 85%, Likely 

Internal Loads 
    

RPE (AU) 4.3 ± 1.5* 3.1 ± 0.7 1.06 98%, Very Likely 

Session RPE (AU) 180 ± 39* 109 ± 37 1.90 100%, Almost Certain 

Physical Qualities 
    

Yo-Yo IRT (m) 1420 ± 337 922 ± 227 1.73 100%, Almost Certain 

† Low-speed activity = 0-3.5 m·s
-1

; Moderate-speed running = 3.6-5.0 m·s
-1

; High-speed running = ≥5.1 

m·s
-1

.  RPE = rating of perceived exertion; Session RPE = playing time x RPE; Yo-Yo IRT = Yo-Yo 

intermittent recovery test level 1. ES = Effect size, 0.20-0.60, 0.61-1.19, and >1.20 were considered small, 

moderate and large respectively. Likelihoods ≥75% are classified as practically meaningful. * Denotes a 

statistically significant difference (p< 0.05) between playing standards. 
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5.4.4.1.2 Physical Fitness and Activity Profiles 

When players from both the high- and low-standard teams were divided into low- and high-

fitness groups, there were further differences in physical match performance variables (Table 

5.5). High-fitness players covered more metres per minute of match-play across both playing 

standards and had greater internal loads. High-standard/high-fitness players covered greater 

distances than all other groups primarily through increased distance covered at moderate 

speeds (p = <0.05). In addition, they engaged in more collisions per minute and RHIE bouts 

(p = <0.05). Whilst there were a number of differences between high-standard fitness groups, 

the differences between high- and low-fitness groups were not as great in the low-standard 

playing group with only moderate differences in relative distance, primarily achieved by 

greater relative distances covered at low- and moderate speeds, and higher internal loads in 

the high-fitness group. When match speed (m/min
-1

) was expressed relative to maximal Yo-

Yo IRT speed, the high-fitness groups maintained a greater relative intensity across the 

tournament (high-standard: ES = 0.61; Likelihood = 77%, Likely; low-standard: ES = 0.22; 

Likelihood = 52%, Possibly). The high-standard/high-fitness playing group covered more 

metres on the Yo-Yo IRT than the low-standard/high fitness group (ES = 3.88; Likelihood = 

100%, Almost Certain). Both high-standard/high fitness and high-standard/low-fitness players 

had greater session-RPE loads across the competition compared with both low-standard 

groups (p = 0.001). 
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Table 5.6. Physical qualities and average match activity profiles across the tournament between the high- and low-fitness 

groups across high- and low-playing standards. † 

 High-standard Low-standard 

 High-Fitness Low-Fitness ES High-Fitness Low-Fitness ES 

Playing time (min) 38 ± 3 33 ± 4 1.41 31 ± 10 30 ± 7 0.16 

Distance covered (m) 3541 ± 278* 2943 ± 735 1.08 2716 ± 928 2455 ± 478 0.35 

Relative distance ( m·min
-1

) 92 ± 6 88 ± 6 0.73 88 ± 2 83 ± 6 1.04 

Low- speed  activity (m) 2642 ± 318 2275 ± 537 0.83 2218 ±752 2007 ± 407 0.35 

Low-speed activity ( m·min
-1

) 70 ± 6 70 ± 3 0.04 72 ± 3 68 ± 6 0.69 

Moderate-speed running (m) 503 ± 106* 349 ± 104 1.46 302 ± 88 258 ± 49 0.62 

Moderate-speed running ( m·min
-1

) 13 ± 3* 11 ± 2 0.99 10 ± 2 9 ± 2 0.36 

High-speed running (m) 183 ± 41 149 ± 53 0.74 119 ± 56 117 ± 67 0.03 

High- speed running ( m·min
-1

) 4.5 ± 1.1 4.0 ± 1.0 0.45 3.8 ± 0.8 3.8 ± 1.3 0.05 

Match speed vs. Yo-Yo speed (%) 35 ± 3 33 ± 2 0.61 35 ± 2 34 ± 3 0.22 

Collisions       

Total (no.) 19 ± 6* 13 ± 7 1.24 10 ± 3 9 ± 3 0.35 

Total (no./min) 0.5 ± 0.2 0.4 ± 0.1 0.85 0.3 ± 0.1 0.3 ±0.1 0.19 

Repeated High-Intensity Efforts       

Bouts (no.) 4 ± 2* 3 ± 1 0.79 1 ± 1 1 ± 1 -0.23 

Bout frequency (no./min) 1 every 14 min 
1 every 16 min 0.26 1 every 24 

min 

1 every 22 

min 
-0.27 

Internal Loads       

RPE (AU) 4.6 ± 1.6 4.7 ± 0.7 -0.02 2.7 ± 0.6 2.6 ± 0.5 0.24 

Session RPE (AU) 196 ± 31 174 ± 37 0.65 116 ± 22 100 ± 27 0.64 

Physical Qualities       

Yo-Yo IRT (m) 1700 ± 119 1233 ± 304 2.02 1089 ± 188 785 ± 155 1.76 

† Low-speed activity = 0-3.5 m·s
-1

; Moderate-speed running = 3.6-5.0 m·s
-1

; High-speed running = ≥5.1 m·s
-1

. RPE = 

rating of perceived exertion; Session RPE = playing time x RPE; Yo-Yo IRT = Yo-Yo intermittent recovery test level 1. 

ES = Effect size, 0.20-0.60, 0.61-1.19, and >1.20 were considered small, moderate and large respectively. * Denotes a 

statistically significant difference (p< 0.05) between high- and low-fitness groups.  
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5.4.4.2 Fatigue 

5.4.4.2.1 Playing Standard and Fatigue 

There was little difference in the fatigue responses between the high- and low-standard 

players across the course of the competition (Figure 5.9). There were significant reductions in 

CMJ power over the competition (p = 0.004) which peaked on day 2, but only small 

differences (ES = 0.21 to 0.50; p = 0.581) between high- and low-standard players (Figure 

5.9A). Blood CK increased over the competition (p = 0.01), peaking on day 2 in both playing 

groups (Figure 5.7C). There was a greater overall increase across the competition in the low-

standard players (76 ± 94% vs. 113 ± 81%; ES = 0.83, Likelihood = 76%, Likely; p = 0.078), 

as well as moderately greater increases on day 2 (ES = 0.74, Likelihood = 89%, Likely; p = 

0.012) and day 4 (ES = 0.84, Likelihood = 99%, Very likely; p = 0.015). There were 

significant reductions in perceived wellbeing over the competition (Figure 5.9B [p = 0.001]), 

which was similar between the high- and low-standard players (-14 ± 17% vs. -17 ± 9%; ES = 

0.40, Likelihood = 71%, Possibly), with no significant difference between playing standards 

on any day of the competition. 
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Figure 5.9. Changes in (A) countermovement jump peak power, (B) perceptual wellbeing, and 

(C) blood creatine kinase between the high- and low-standard playing groups over the course 

of the intensified competition. * Denotes a moderate effect size difference (0.60-1.20) 

between the high- and low-standard playing groups. 
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5.4.4.3 Physical Fitness and Fatigue 

5.4.4.3.1 Neuromuscular Fatigue 

There were reductions in CMJ power (ES = -0.75 to -2.37; p = 0.052) for each group over the 

competition (Figure 5.10A); these reductions were smallest in the two high-fitness groups 

from both playing standards (p = 0.340), with moderately greater reductions in CMJ power in 

the high-standard/low-fitness group compared with the high-standard/high-fitness group (ES 

= 0.74; Likelihood = 85%, Likely). In the high-standard group, there were greater reductions 

in CMJ power in the low-fitness players on day 1 (ES = 1.21; Likelihood = 100%, Almost 

certain) and day 3 (ES = 0.71; Likelihood = 82%, Likely). In the low-standard playing group, 

there was a similar, albeit less pronounced trend, with smaller reductions in CMJ power in the 

high-fitness group (ES = -0.41; Likelihood = 66%, Possibly).  
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Figure 5.10. Competition changes in (A) countermovement jump peak power, (B) perceptual 

wellbeing, and (C) blood creatine kinase with players divided into low- and high-fitness 

groups. High-High = High-standard/high fitness; High-Low = High-standard/low fitness; 

Low-High = Low-standard/high fitness; Low-Low = Low-standard/low fitness. a, b, c, and d 

Denotes a moderate to large effect size difference to High-High. 
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5.4.4.3.2 Blood Creatine Kinase 

There were increases in CK across the entire tournament for all groups (p = 0.001), although 

the smallest increases were seen in the high-standard/high-fitness group (Figure 5.10C). 

Compared with the high-standard/high-fitness group, there were moderately greater increases 

in blood CK in all other groups across the competition (high-standard/low-fitness group: ES = 

0.63; Likelihood = 76%, Likely; p = 0.260; low-standard/high-fitness group: ES = 1.10; 

Likelihood = 90%, Likely; p = 0.623; low-standard/low-fitness group: ES = 0.95; Likelihood 

= 87%, Likely; p = 0.619). On day 2 and 3 of the competition, there was a greater increase in 

CK in the high-standard/low-fitness group (Day 2, ES = 0.62; Likelihood = 77%, Likely; Day 

3, ES = 0.83; Likelihood = 86%, Likely), the low-standard/high-fitness group (Day 2, ES = 

0.93; Likelihood = 90%, Likely; Day 3, ES = 1.00; Likelihood = 92%, Likely), and the low-

standard/low fitness group (Day 3, ES = 1.14; Likelihood = 94%, Likely). On day 4 of the 

competition, there were greater increases in CK in both low-standard groups (High-fitness: ES 

= 0.95; Likelihood = 94%, Likely; Low-fitness: ES = 0.97; Likelihood = 92%, Likely).  

 

5.4.4.3.3 Perceptual Wellbeing 

There were reductions in perceptual wellbeing (p = 0.03) in each group over the course of the 

competition (Figure 5.10B). The greatest reductions were seen in the low-standard/high-

fitness group, with similar reductions seen amongst the other groups. On day 1, there were 

smaller reductions in the high-standard/high-fitness group in comparison to all other groups. 

On day 2, there were smaller reductions in the low-standard/low-fitness group, with similar 

reductions amongst the other groups. On day 3, there was some recovery in perceptual 

wellbeing in all groups except the low-standard/high-fitness group. On day 4, there was little 

change in the two high-standard playing groups, but there were larger reductions in the low-

standard playing groups.   
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5.4.5 Discussion 

This study compared the fatigue responses to intensified junior rugby league competition 

between playing standards. In addition, the influence that physical fitness had on the fatigue 

response and match activity profiles was also investigated. Our hypotheses were partially 

confirmed, with greater playing intensity in the high-standard playing group, but little 

difference in fatigue responses between playing standards, although there was greater 

increases in blood CK in the low-standard playing group. Our second hypothesis was also 

partially confirmed with smaller increases in fatigue and blood CK as physical fitness 

increased despite greater playing intensities. As playing standard increases, so too do the 

physical demands of competition [60], although this does not appear to translate to increased 

player fatigue. Higher physical fitness is associated with greater playing intensity during an 

intensified competition and reduced post-match fatigue and markers of muscle damage. 

 

The high-standard playing group had greater physical fitness than the low-standard group, 

highlighted by these players covering more metres on the Yo-Yo IRT. This is in accordance 

with previous research that has shown that as playing standard increases, so too do physical 

qualities [73, 91]. Elevated physical fitness appeared to translate to increases in absolute and 

relative match workloads. High-standard players covered more metres per minute of match-

play, which was primarily achieved through greater moderate-speed running. Despite these 

greater match intensities in the high-standard playing group, when match speed was expressed 

relative to maximal speed on the Yo-Yo IRT, there was no difference in playing intensity 

between groups. This suggests that the match speeds in both the high- and low-standard 

competitions would have placed a similar relative physiological stress on players. On the 

other hand, the greater internal loads experienced by the high-standard players (highlighted by 

RPE and session-RPE) is suggestive of greater physiological strain during the competition. 

This could be explained by the increased number of physical collisions and RHIE bouts 

performed by the high-standard group, which are overlooked by simply assessing match 

running intensities. Both collisions and RHIE bouts are extremely demanding tasks, both 

physically and mentally [9, 20], and therefore could explain the increased internal loads in the 

high-standard playing group. These results clearly indicate that as playing standard increases 

so too does physical fitness which appears to translate to increases in playing intensity [24, 
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60]. In addition, only assessing the running demands of the game clearly underestimates the 

physiological loads placed on players.  

 

When players were divided into high-fitness and low-fitness groups across both playing 

standards based on Yo-Yo IRT performance, there were some differences in absolute and 

relative playing intensities. In the high-standard group, there was a larger disparity between 

the high- and low-fitness groups in terms of match workloads. High-fitness players had 

greater playing minutes, covering more absolute and relative distance, primarily achieved 

through increased moderate-speed running. The match speeds performed in the high-fitness 

group were at a greater intensity relative to maximal Yo-Yo speed. In addition, these players 

were involved in more collisions and RHIE bouts over the tournament. The differences in the 

low-standard playing group were less pronounced, with high-fitness players covering more 

metres per minute, primarily achieved through increased low-speed activity. The large 

differences in physical performance observed in the high-standard group and smaller 

differences observed in the low-standard group may be explained by the Yo-Yo IRT scores 

for each group. In the high-standard players, there was a larger absolute difference in Yo-Yo 

IRT scores between the high- and low-fitness groups than in the low-standard players. As 

such, maximising absolute high-intensity running ability, and introducing minimum 

standards, would be useful in order to maintain performances across the entire playing group. 

 

Despite the increased absolute external and internal loads in the high-standard playing group, 

there were similar increases in fatigue and markers of muscle damage across the competition 

between playing standards. These increases in fatigue and markers of muscle damage were 

greatest over the first 2 days of the competition in both groups when players were involved in 

2 games on each day. This suggests that physical fitness may offer some protective effect 

against fatigue and markers of muscle damage, which is in accordance with previous research 

[139]. Although there were greater reductions in CMJ power in the high-standard group, these 

differences were small in magnitude, and did not reach the threshold of practical importance 

[174]. The similar changes in lower-body fatigue between the high- and low-standard teams 

may be indicative of the similar match speeds relative to maximal Yo-Yo IRT. However, 

there were smaller increases in blood CK in the high-standard playing group, particularly at 
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the end of days 2 and 4 of the competition. This result is even more significant given that the 

high-standard playing group were involved in 40% more collisions over the tournament, 

which are directly linked to elevations in CK [47]. There were also similar reductions in 

perceptual wellbeing over the competition between the playing standards. Despite greater 

absolute workloads in the high-standard playing group, there was little difference in the 

fatigue responses and smaller increases in blood CK, across the tournament. This may be due 

to increased physical fitness in the high-standard playing group. In addition, expressing match 

speeds in relation to maximal Yo-Yo IRT speed may be a useful metric for determining the 

relative stress placed on each individual player by the running component of match-play.  

 

The protective effects of physical fitness on muscle function and to some extent muscle 

damage are clear when players were divided into low- and high-fitness groups. Despite 

greater match speeds in relation to maximal Yo-Yo IRT speed as well as absolute workloads, 

the high-fitness players in both playing standards exhibited the smallest reductions in CMJ 

power across the tournament. Previous research has suggested that players with well-

developed high-intensity running ability possess greater eccentric strength and the ability to 

utilise the stretch-shortening cycle [49] which may result in less muscle fatigue [139]. High-

fitness only appeared to reduce muscle damage in the high-standard group. This group had 

significantly greater Yo-Yo IRT performance than the low-standard/high-fitness players 

(1700 ± 119 vs. 1089 ± 188 m) which may suggest that irrespective of playing intensity, there 

is a base level of fitness required before muscle damage is reduced through increased fitness. 

Once again, these high-fitness players performed more collisions than their less-fit 

counterparts, clearly highlighting the protective effect of well-developed physical fitness to 

elevations in blood CK [139]. There was little difference in perceptual wellbeing between 

groups, although the low-standard/high-fitness group had greater reductions across the 

competition. Taken together, well-developed physical fitness appears to reduce post-match 

fatigue and increase match playing intensities. As such, coaching staff should aim to 

maximise fitness prior to intensified competition in order to minimise post-match fatigue.  

 

While this study adds to the body of literature on fatigue in team sport players, our findings 

are not without their limitations. Only Yo-Yo IRT performance was assessed as a measure of 
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physical fitness. Previous research indicates that lower-body strength also impacts on post-

match fatigue [139].  Therefore, it is likely that other physical qualities, such as muscular 

strength, may influence the fatigue response seen following intensified competition. In 

addition, data collection ceased immediately following the competition.  As such, it is 

unknown whether the recovery time-course differed between groups. Future research 

addressing these points is warranted. 

 

5.4.6 Conclusions 

This study highlighted that as playing standard increases in junior rugby league players, so 

too does the intensity of match-play. Well-developed high-intensity running ability appears to 

be associated with greater absolute and relative internal and external workloads during 

competition. Despite increased workloads in players with well-developed physical qualities, 

these players experienced smaller increases in blood CK and less pronounced reductions in 

muscle function. As such, increasing fitness in junior players may be one of the most effective 

strategies for minimising accumulations in post-match fatigue and markers of muscle damage 

during intensified rugby league competition. Intensified competitions are always likely to 

occur in junior rugby league and numerous other team sports.  Therefore, players should be 

exposed to demanding training prior to participating in tournaments in an attempt to increase 

physical fitness and gain a degree of protection against post-match fatigue.  

 

5.4.7 Practical Applications 

 Increased physical fitness result in greater relative and absolute match workloads. 

 Increased physical fitness results in less fatigue and muscle damage during an 

intensified competition. 

 Coaching staff should aim to maximise physical fitness in order to optimise match 

performance and reduce player fatigue. 
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5.5 Study 9: The effect of different repeated high-intensity effort bouts on 

subsequent running, skill performance and neuromuscular function 

 

 

This study has been accepted for publication following peer review. Full reference details are: 

Johnston RD, Gabbett TJ, Jenkins DG, and Speranza, MJ. The effect of different repeated 

high-intensity effort bouts on subsequent running, skill performance and neuromuscular 

function. Int J Sports Physiol Perform, in press, 2015. 
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5.5.1 Abstract 

The purpose of this study was to assess the impact of different repeated high-intensity effort 

(RHIE) bouts on player activity profiles, skill involvements and neuromuscular fatigue during 

small-sided games. Twenty-two semi-professional rugby league players (age 24.0 ± 1.8 years; 

body mass 95.6 ± 7.4 kg) participated in this study. During 4 testing sessions, players 

performed RHIE bouts that each differed in the combination of contact and running efforts, 

followed by a 5 min ‘off-side’ small-sided game before performing a second bout of RHIE 

activity and another 5 min small-sided game. Global positioning system microtechnology and 

video recordings provided information on activity profiles and skill involvements. A 

countermovement jump and a plyometric push-up assessed changes in lower- and upper-body 

neuromuscular function after each session. Following running dominant RHIE bouts, players 

maintained running intensities during both games. In the contact dominant RHIE bouts, 

reductions in moderate-speed activity were observed from game 1 to game 2 (ES = -0.71 to -

1.06). There was also moderately lower disposal efficiencies across both games following 

contact dominant RHIE activity compared with running dominant activity (ES = 0.62-1.02). 

Greater reductions in lower-body fatigue occurred as RHIE bouts became more running 

dominant (ES = -0.01 to -1.36), whereas upper-body fatigue increased as RHIE bouts became 

more contact dominant (ES = -0.07 to -1.55). Physical contact causes reductions in running 

intensities and the quality of skill involvements during game-based activities. In addition, the 

neuromuscular fatigue experienced by players is specific to the activities performed.  

Key Words: Team sport; rugby league; movement demands; pacing; global positioning 

system; fatigue  
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5.5.2 Introduction 

Collision based team sports such as rugby league and rugby union are characterised by high-

intensity running and contact efforts interspersed with periods of lower-intensity activity [2, 

207]. Whilst the majority of match-play is spent performing low-intensity activities [2], high-

intensity activities typically occur at critical periods and often in close proximity to one 

another [25, 76]. These intense bouts of activity have been termed repeated high-intensity 

effort (RHIE) bouts [76]. Specifically, a RHIE bout involves 3 or more contact, acceleration, 

or high-speed running efforts with less than 21 seconds between each effort [4]. Although 3 

efforts is the minimum number required to constitute a RHIE bout, these bouts can be much 

more frequent and longer in duration [208, 65]. The longest RHIE bout reported in a study of 

elite rugby league players included 13 efforts (4 contact and 9 acceleration) over a 120 s 

period with an average recovery time of 5 s between efforts [65]. Not only do these RHIE 

bouts occur frequently during rugby league [65, 25] and union competition [208], they also 

tend to occur during critical periods of play such as when defending the try-line [25]. 

Moreover, winning teams perform more RHIE bouts, more efforts per bout, and maintain a 

higher playing intensity whilst recovering from high-intensity efforts [55]. Clearly, the 

frequency of RHIE bouts and the critical time points at which they occur suggests players 

must have the capacity to maintain physical, technical and decision-making performance 

following these efforts in order to deliver successful outcomes.  

 

Previous research has highlighted that the addition of contact efforts to repeated-sprints [9] 

and small-sided games [20, 209, 210] leads to greater reductions in running performance and 

increases in perceived effort compared with activities involving running alone [20, 9]. Not 

only does physical contact result in transient fatigue, residual fatigue is also apparent, with 

increases in upper-body fatigue and muscle damage following contact small-sided games 

[47]. Conversely, increased running loads result in greater increases in lower-body fatigue 

[47]. Whilst previous studies have highlighted reductions in running following ‘contact only’ 

RHIE bouts [210, 209], players from both rugby codes rarely perform contact in isolation 

during match-play, rather they are interspersed with running efforts [65, 208]. Therefore, it is 

important to determine whether subsequent running activity and fatigue is influenced by the 

type of RHIE bout performed (i.e. contact or running dominant). 
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Although physical performance is important [211], skill and technical performance is 

inextricably linked to game success [212]. One study demonstrated that adjustables showed 

reductions in the frequency and quality of skill involvements following the most intense 5 min 

running period during elite rugby league games [77]. In addition, tackle technque appears 

reduced following RHIE bouts [84]. Despite this, the specific effect RHIE bouts have on skill 

performance and whether this is dependent on the type of RHIE bout performed remains 

unknown. Given that RHIE bouts often occur during vital passages of play [25], it is 

important to investigate the impact of RHIE bouts on both physical and technical 

performance. This would allow coaches to develop specific repeated effort drills that would 

develop players’ ability to maintain skills under pressure and fatigue. With this in mind, the 

aims of this study were to determine the impact of different RHIE bouts on (1) running 

intensities (2) skill involvements and (3) neuromuscular fatigue during small-sided games. It 

was hypothesised that increasing the contact demands of the RHIE bouts would result in 

greater reductions in running intensity and more upper-, but less lower-body fatigue. In 

addition, skill performance would be negatively impacted by performing RHIE bouts.  

 

5.5.3 Methods 

5.5.3.1 Design 

In order to test our hypotheses, a counter-balanced, cross-over experimental design was used. 

Players took part in 4 different RHIE bouts followed by small-sided games over 21 days; each 

session was separated by 7 days. Players wore global positioning system (GPS) 

microtechnology units during the RHIE bouts and small-sided games in order to provide 

information on activity profiles. Additionally, each small-sided game was filmed to assess the 

quality and frequency of skill involvements. 

 

5.5.3.2 Subjects 

Thirty-eight semi-professional rugby league players (age 24.2 ± 2.3 years; body mass 96.1 ± 

10.9 kg) from the same Queensland Cup club, participated in the study. Data were collected 

during weeks 9-11 of the pre-season period, with players free from injury. Over the course of 

the testing period, players were asked to maintain their normal diet. In accordance with the 

Code of Ethics of the World Medical Association (Declaration of Helsinki), players received 
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an information sheet outlining experimental procedures; written informed consent was 

obtained from each player. The study was approved by the University’s ethical review board 

for human research. Over the course of the study, some players were unavailable for each 

testing session. Only players that completed each of the 4 conditions were used within the 

analysis. Therefore, 22 players (age 24.0 ± 1.8 years; body mass 95.6 ± 7.4 years) formed the 

final cohort for this study.  

 

5.5.3.3 Protocol 

On each of the 4 testing sessions, players performed 3 RHIE bouts followed by a standardised 

5 minute ‘off-side’ small-sided game before repeating the RHIE bouts and small-sided game 

(Figure 5.11). Within 30 min following the RHIE bouts and games, neuromuscular function 

was assessed via a countermovement jump (CMJ) and plyometric push-up (PP). Players 

trained in two separate squads with one squad performing the testing first, immediately 

followed by the second squad of players. Prior to the first session, each squad was divided 

into two teams of nine players, ensuring an even spread of playing positions. Whilst every 

attempt was made to maintain the makeup of the teams across each of the 4 conditions, due to 

player absences (e.g. injury, separate training) some variations in the players within each team 

did occur between conditions. The number of players on each team was maintained at 9 for 

each condition. 

 

Figure 5.11. A schematic representation of the experimental protocol. 
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5.5.3.4 RHIE Bouts 

Prior to each small-sided game, players performed 3 x 6-effort RHIE bouts. Each bout lasted 

for 1 minute and involved 6 efforts with 30 s recovery between each bout where players 

jogged 20 m at their own pace. Following the third RHIE bout and the 20 m jog, there was an 

additional 30 s of recovery prior to the start of the small-sided game. These bouts were 

designed to reflect the work-to-rest ratios of the most demanding RHIE bouts observed in 

competition [76, 211]. The 4 different RHIE bouts involved a combination of 5 s contact 

and/or 20 m sprint efforts with a 1:1 work-to-rest ratio. The 4 bouts comprised (1) ‘all 

contact’ (6 contact efforts), (2) ‘all running’ (6 x 20 m sprints), (3) ‘mainly contact’ (4 

contact, 2 sprint efforts), and (4) ‘mainly running’ (2 contact, 4 sprint efforts) (Table 5.7). 

From a standing position, the contact efforts involved a hit on each shoulder, utilising over- 

and under-hook grips, before attempting to wrestle their opponent onto their back from a 

standing position. The 20 m sprint involved an all-out sprint followed by a 10 m deceleration.  

 

Table 5.7. Activities performed during each RHIE bout preceding the small-sided games. † 

RHIE Bout Activities Order of Efforts 

All Contact 6 x 5 s contact and wrestle efforts on a 10 s cycle C-C-C-C-C-C 

All Running 6 x 20 m sprints on a 10 s cycle R-R-R-R-R-R 

Mainly Contact 4 x 5 s contact and wrestle efforts on a 10 s cycle 

2 x 20 m sprints on a 10 s cycle 
C-C-R-C-C-R 

Mainly Running 2 x 5 s contact and wrestle efforts on a 10 s cycle 

4 x 20 m sprints on a 10 s cycle 
R-R-C-R-R-C 

† RHIE = repeated high-intensity effort; R = running effort; C = contact effort. 

 

5.5.3.5 Small-Sided Games 

One minute following the third RHIE bout, the first small-sided game was played. The small-

sided games were 5 min in duration and involved 9 vs. 9 players on a standardised (68 m x 40 

m) floodlit grassed playing area. Unlike a regular small-sided rugby game, during ‘off-side’ 

games, the ball can be passed in any direction (i.e. to ‘off-side’ players). The ‘off-side’ game 

used the same rules as those reported previously [20].  

 

5.5.3.6 Activity Profiles 

Game and RHIE activity profiles were assessed using GPS microtechnology devices. The 

GPS units sampled at 10 Hz (Optimeye S5, Catapult Sports, VIC, Australia) and included a 
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100 Hz tri-axial accelerometer and gyroscope to provide information on collisions. Data were 

downloaded to a laptop and subsequently analysed (Sprint, Version 5.1.1, Catapult Sports, 

VIC, Australia). Data were categorised into low-speed activity (0-3.5 m·s
-1

), moderate-speed 

running (3.6-5.0 m·s
-1

) and high-speed running (≥5.1 m·s
-1

) [2]. Player Load™ Slow (<2 m·s
-

1
) was used to determine the load associated with the non-running components (i.e. physical 

contact) of the RHIE bouts [167]. These units offer valid and reliable estimates of activities 

common in team sports [164, 160]. To assess internal load of each condition, within 30 min 

following the session, rating of perceived exertion (RPE [CR-10]) was recorded for each 

player [205]. 

 

5.5.3.7 Skill Involvements  

Each small-sided game was filmed using a video camera (Cannon Legria HV40, Japan). 

Games were manually coded by a trained operator for number of possessions, number and 

quality of disposals, and number of errors. An effective disposal was classified as a completed 

pass to a team-mate in an ‘open’ position; an ineffective disposal involved a pass that went to 

a closely marked team-mate or the ball was turned over [213]. Disposal efficiency represented 

the number of effective passes divided by the total number of possessions. An error was 

coded when the ball went to ground, or was intercepted. The test re-test reliability (typical 

error of measurement [TE]) was determined by the same operator coding two games on two 

separate occasions, 4 weeks apart for number of possessions (TE = 3.2%), number of 

disposals (TE = 5.7%), quality of disposals (TE = 4.3%), and percentage of errors (TE = 

9.9%). 

 

5.5.3.8 Neuromuscular Fatigue 

Neuromuscular fatigue was assessed within 15 min after the second game. Lower-body 

neuromuscular fatigue was assessed using a CMJ; upper-body neuromuscular fatigue was 

assessed using a PP as described previously [30]. Both exercises were performed on a force 

platform (Kistler 9290AD Force Platform, Kistler, USA) connected to a laptop running 

manufacturer designed software (QuattroJump, Kistler, USA). Changes in neuromuscular 

fatigue were compared against each player’s maximum value that was determined 5 days 

prior to the first testing session. Maximum peak power was determined by their highest score 
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from 3 CMJ’s and PP’s performed in a non-fatigued state, with approximately 5 min between 

efforts. The between day TE for the CMJ and PP was 3.5% and 3.8% for peak power, 

respectively. 

 

5.5.3.9 Statistical Analysis 

Based on the real-world relevance of the results, magnitude based inferences were used to 

determine the meaningfulness of any differences in activity profile, skill, and neuromuscular 

fatigue changes during and following the different RHIE bouts and games. Firstly, the 

likelihood that changes in the dependent variables were greater than the smallest worthwhile 

change was calculated as a small effect size of 0.20 x the between subject standard deviation. 

Thresholds used for assigning qualitative terms to chances were as follows: <1% almost 

certainly not; <5% very unlikely; <25% unlikely; <50% possibly not; >50% possibly; >75% 

likely; >95% very likely; ≥99% almost certain [174]. The magnitude of difference was 

considered practically meaningful when the likelihood was ≥75%. Secondly, magnitudes of 

change in the dependent variables were assessed using Cohen’s effect size (ES) statistic [175]. 

Effect sizes (ES) of 0.20-0.60, 0.61-1.19, and ≥1.20 were considered small, moderate and 

large respectively [176]. Data are reported as means ± SD. 

 

5.5.4 Results 

5.5.4.1 RHIE Bouts 

Players covered an average of 43 ± 2 m·min
-1 

 in the ‘all contact’, 49 ± 2 m·min
-1

 in the 

‘mainly contact’,
 
84 ± 4 m·min

-1 
in the ‘mainly running’, and 105 ± 7 m·min

-1 
in the ‘all 

running’ RHIE bouts (ES = 3.00-12.97). In addition, Player Load
TM

 Slow values per minute 

of each bout were 7.6 ± 1.7 AU·min
-1 

 (‘all contact’), 5.0 ± 1.0 AU·min
-1 

(‘mainly contact’), 

4.0 ± 1.0 AU·min
-1 

 (‘mainly running’), and 2.6 ± 0.5 AU·min
-1 

(‘all running’) (ES = 1.77-

3.99).  

 

5.5.4.2 Game Intensities 

In game 1, there were similar running intensities in each condition other than the ‘all running’ 

condition where the relative intensity was moderately lower than the ‘all contact’ (ES = -0.69 
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± 0.22; likelihood = 93%, likely) and ‘mainly contact’ (ES = -0.69 ± 0.43; likelihood = 89%, 

likely) conditions (Figure 5.12). There was little difference between the relative intensities of 

game 2 for the different conditions. From game 1 to 2, there were only small and trivial 

reductions in the ‘mainly running’ (ES = -0.36 ± 0.62; likelihood = 83%, likely) and ‘all 

running’ (ES = -0.17 ± 0.23; likelihood = 87%, likely) conditions. There were however larger, 

moderate reductions in relative intensity in game 2 in the ‘all contact’ (ES = -0.96 ± 0.42; 

likelihood = 94%, likely) and ‘mainly contact’ (ES = -1.07 ± 0.34; likelihood = 94%, likely) 

conditions. These reductions were largely brought about by decreases in moderate-speed 

activity in game 2 in the ‘all contact’ (ES = -0.71 ± 0.34; likelihood = 93%, likely) and 

‘mainly contact’ (ES = -1.06 ± 0.48; likelihood = 89%, likely) conditions. Albeit small, there 

were greater relative distances covered in game 2 of the ‘mainly running’ condition compared 

to all other conditions (ES = 0.34-0.38). 
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Figure 5.12. Movement demands of game 1 and game 2 following the different repeated effort 

bouts. LSA = low-speed activity; MSR = moderate-speed running; HSR = high-speed 

running. M
g
 refers to a moderate (0.61-1.19) effect size difference between game 1 and 2; S

c
 

and M
c
 refers to a small (0.20-0.60) and moderate effect size difference between conditions.  

 

5.5.4.3 Skill Involvements  

During game 1, there were a total of 67, 79, 79, and 73 passes made in the ‘all contact’, 

‘mainly contact’, ‘mainly running’, and ‘all running’ conditions. In game 2, there were a total 

of 58, 81, 66, and 73 passes made in the ‘all contact’, ‘mainly contact’, ‘mainly running’, and 

‘all running’ conditions. There was no difference in the number of effective passes between 

conditions in game 1. In game 2, there were moderate increases in the number of effective 

passes across all conditions except in the ‘all contact’ condition where there was a small 

reduction in effective passes compared with game 1 (ES = -0.30 ± 0.22; likelihood = 77%, 

likely [Figure 5.13]). In game 1 there were moderately greater disposal efficiencies in the 
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‘mainly running’ (ES = 0.77-1.02) and ‘all running’ (ES = 0.62-0.79) conditions, compared 

with the games following the contact dominant conditions. There was little difference in skill 

performance between game 1 and game 2 in any condition although there was still greater 

disposal efficiencies observed in the game in the ‘mainly running’ (ES = 0.73 ± 0.19; 

likelihood = 97%, very likely), and ‘all running’ (ES = 0.83 ± 0.22; likelihood = 100%, 

almost certain) conditions compared with the ‘mainly contact’ condition. There were no 

differences in the number of errors between games or conditions.  
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Figure 5.13. Skill performance during game 1 and 2 following the different repeated effort 

bouts. S
g
,
 
and M

g
 refers to a small (0.20-0.60) and moderate (0.61-1.19) effect size difference 

between game 1 and 2; M
c
 refers to a moderate effect size difference between conditions.  
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5.5.4.4 Neuromuscular Fatigue 

There was no change in CMJ peak power (Figure 5.14A) following the ‘all contact’ (ES = -

0.01 ± 0.11; likelihood = 29%, possibly not), small reductions following the ‘mainly contact’ 

(ES = -0.33 ± 0.18; likelihood = 64%, possibly), moderate reductions following the ‘mainly 

running’ (ES = -1.02 ± 0.21; likelihood = 79%, likely), and finally large reductions following 

the ‘all running’ condition (ES = -1.36 ± 0.20; likelihood = 85%, likely). Furthermore, the 

reductions observed following the ‘all running’ and ‘mainly running’ conditions were 

moderately greater than the changes following the ‘all contact’ conditions (ES = 0.68-0.85). 

 

There were large reductions in PP peak power (Figure 5.14B) following the ‘all contact’ (ES 

= -1.55 ± 0.44; likelihood = 100%, almost certain) and ‘mainly contact’ (ES = -1.37 ± 0.32; 

likelihood = 100%, almost certain) conditions, moderate reductions following the ‘mainly 

running’ condition (ES = -0.92 ± 0.65; likelihood = 56%, possibly), and finally trivial 

reductions following the ‘all running’ condition (ES = -0.07 ± 0.09; likelihood = 36%, 

possibly). Reductions observed following the ‘all contact’ and ‘mainly contact’ conditions 

were moderately greater than the changes following the ‘all running’ (ES = 1.12-1.27) and 

‘mainly running’ (ES = 0.66-0.88) conditions. 
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Figure 5.14. Changes in (A) lower body muscle function and (B) upper body muscle function 

following the different repeated effort bouts and small-sided games. CMJ = countermovement 

jump; PP = Plyometric push-up. S
b
,
 
M

b
, and L

b
 refers to a small (0.20-0.60), moderate (0.61-

1.19) and large (≥1.20) effect size difference from baseline; M
c
 and L

c
 refers to moderate and 

large effect sizes between conditions.  
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5.5.5 Discussion 

The aims of this study were to determine the impact of different RHIE bouts on running 

intensities and skill involvements during game-based activities and to assess the 

neuromuscular fatigue response to RHIE bouts comprising different amounts of contact and 

sprinting. Players set a lower, but ‘even-paced’ pacing strategy in the ‘all running’ condition 

compared with the other conditions. When players were required to perform contact in the 

RHIE bouts, they began with higher running intensities in game 1, before showing reductions 

in game 2. These reductions were greater following the contact dominant conditions. As such, 

when players are required to perform contact dominant RHIE bouts they show greater 

reductions in running intensities compared to following running dominant RHIE activity. 

Furthermore, following contact dominant RHIE activity, players display lower quality skill 

involvements than following running dominant RHIE activity. Lower-body and upper-body 

fatigue appear to increase with both the running and contact demands of RHIE activity, 

respectively. This study demonstrates that physical contact causes greater reductions in 

running intensities and the quality of skill involvements during game-based activities 

compared with running efforts. 

 

Different running intensities were observed during the small-sided games following the 

different RHIE bouts. Particularly in game 1, following the ‘all running’ condition, player 

work rates were reduced compared to the other conditions. They appeared to set an ‘even-

paced’ pacing strategy that they could maintain across both game 1 and game 2 [214]. The 

reason for this reduced intensity following the ‘all running’ bouts may be due to players being 

unaccustomed to exclusively performing running efforts given the high frequency of physical 

collisions during match-play [2, 20]. In the other conditions, players employed a ‘positive’ 

pacing strategy whereby the playing intensity was high to begin with (i.e. in game 1) before 

decreasing in game 2; indicative of player fatigue [214]. These reductions in intensity were 

greater in game 2 following the contact dominant RHIE bouts, primarily through reductions in 

moderate-speed activity. These results are in accordance with others that have reported greater 

reductions in both high-speed [209, 9], and moderate-speed running [210] with increased 

contact demands. These findings clearly demonstrate the large physical cost associated with 

performing contact efforts. It is interesting to note that the greatest RPE was observed in the 

‘mainly contact’ condition where players had to perform 4 contact and 2 running efforts per 
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RHIE bout. It is likely that combining the demanding nature of contact efforts with the 

cardiovascular stress of running is particularly demanding for players and resulted in a greater 

RPE than the other conditions. Given the intense contact demands of competition, players 

should be regularly exposed to RHIE bouts involving contact in order to minimise reductions 

in player work-rates and deliver successful performances. A combination of running and 

contact efforts is more game-specific and likely to elicit greater internal loads.  

 

Other than in the ‘all contact’ condition, where small reductions were observed, players 

showed moderate increases in the percentage of effective passes from game 1 to game 2. 

There are a number of potential explanations that could explain these findings. Firstly, players 

may be more accustomed to their team-mates, and opposition’s style of play following game 

1 allowing for improved passing performance. Secondly, a reduction in game speed, allowing 

players more time to make the correct decision and therefore deliver an effective pass could 

also have played a role. Whilst this may be the case in game 2 in the ‘mainly contact’ and 

‘mainly running’ conditions, following the ‘all running’ RHIE bout, from game 1 to 2, the 

relative intensity was unchanged yet there was a marked increase in the percentage of 

effective passes. As such, an alternate explanation could be that as players were accustomed 

to performing this skill under pressure and fatigue, they were able to withstand higher levels 

of arousal, before arousal had detrimental effects on skill performance [215]. Indeed, previous 

research from water polo indicates that during high levels of exertion and fatigue, response 

accuracy on a sport-specific decision making test is increased, and shooting accuracy is 

maintained despite reductions in shooting technique [216]. Similarly, soccer players appear to 

be able to maintain skill performance over the course of a game despite reductions in physical 

performance and apparent fatigue [217].  

 

There was little change in the total number of passes per player between game 1 and game 2 

following any of the RHIE bouts. Collectively, these results are in contrast to previous 

research from rugby league that reported reductions in the number and quality of skill 

involvements following the peak 5 min period during match-play [77]. A reason for this 

disparity could be due to the nature of the games, with the current study employing ‘off-side’ 

games that were shorter in duration as opposed to the ‘on-side’ nature and longer duration of 
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rugby league competition. Despite this, there was reduced disposal efficiency in the games 

following contact dominant RHIE bouts compared to those following the running dominant 

bouts. This reduced disposal efficiency was largely brought about by players being caught in 

possession more frequently in the games following the contact dominant RHIE bouts. Whilst 

speculative, this could be due to higher levels of upper-body fatigue observed currently, and 

previously [47], resulting in players being unable to complete fast exchanges in passes and 

therefore being caught in possession more frequently. Further research is required to 

determine the influence of RHIE activity and fatigue on technical and decision making 

performance in more closely controlled, sport specific ‘on-side’ scenarios in rugby players.  

 

Greater increases in lower-body fatigue following the ‘all running’ RHIE bouts and games 

and progressively smaller increases in lower-body fatigue as the running loads of the RHIE 

bouts reduced were also observed. The opposite was observed for upper-body fatigue which 

increased with the contact demands. These findings are in accordance with those previously 

published [47] and clearly highlight that the fatigue response to players involved in contact 

sport is likely to be whole body in nature. Simply determining lower-body muscle fatigue is 

likely to underestimate the fatigue response. Furthermore, this provides useful information to 

coaches with players covering greater running loads during competition (i.e. outside backs) 

likely to experience more lower-body fatigue. Conversely, players who perform larger 

numbers of contact efforts (i.e. the forwards) are likely to suffer more upper-body fatigue in 

the days following competition. Further research should aim to elucidate specific training and 

recovery strategies following competition according to the activities performed by each 

player, based on their in-game positional demands. 

 

It is important to note that this study was not without its limitations. Firstly, whilst we 

attempted to maintain the same work-to-rest ratios of 1:1 for both the 5 s contacts and the 20 

m sprints in the RHIE bouts, players typically completed the 20 m sprints in 3-4 seconds, and 

therefore had a slightly longer rest period (6-7 seconds).  Secondly, given the limited 

movement of either player in the wrestle efforts, they were more eccentric/isometric in nature 

compared to the concentric dominant running efforts, which is likely to impact fatigue 

symptoms. Thirdly, the placement of the unit between the shoulder blades could influence the 
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measurement of Player Load™ and might explain some of the differences observed between 

the contact and running RHIE bouts [218]. The placement of the GPS unit between the 

shoulder blades may be more sensitive for detecting accelerations that occur in the upper body 

(i.e. contact) rather than the lower body (i.e. running). 

 

5.5.6 Conclusions  

When the activities performed in RHIE bouts are manipulated, players will set different 

pacing strategies in order to complete set tasks. When players are required to perform contact 

efforts, they set a positive pacing strategy where they start with an initially high playing 

intensity that is reduced in the second game. These reductions in running intensity are greater 

in the games following contact dominant RHIE bouts. In addition, whilst there are increases 

in the effective passes from game 1 to game 2 in all conditions other than the ‘all contact’ 

condition, there is reduced disposal efficiency observed in the games following the contact 

dominant bouts. Increases in running loads results in greater lower-body fatigue, whereas 

greater contact loads leads to increased upper-body fatigue. This study highlights the physical 

and functional cost of performing contact efforts from both a physical and technical 

perspective.  

 

5.5.7 Practical Applications 

Players should be exposed to a combination of contact and running RHIE bouts to prepare 

them for the intense demands of rugby league and rugby union competition. These bouts 

should be tailored to the specific positional demands of the game and reflect the differing 

contact and running demands between positional groups. Challenging players to maintain 

performance following RHIE activity may be an effective method of developing their ability 

to work under pressure and fatigue. Targeting opposition playmakers whilst in attack, making 

them perform more contact efforts, may lead to greater reductions in their physical and 

technical performance. Given the demanding nature of RHIE bouts and contact [47, 9] the 

prescription of any RHIE training should take this into account and be appropriately 

periodised in order to maximise the adaptive response to training. Future research should aim 

to determine the efficacy a period of RHIE training has on players’ ability to limit the 

physical and technical reductions observed following RHIE bouts. The fatigue response to 
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rugby league training and competition is likely to be whole-body in nature and this, along 

with their match activities, should be taken into account when monitoring fatigue and 

prescribing training in players.  

 

5.5.8 Acknowledgements 

The authors have no conflicts of interest to declare, and no sources of funding were used in 

this study. Thanks to the players from Norths Devils RLFC who volunteered to take part in 

the study and the cooperation of the coaching staff throughout the data collection period.



 

 

 

217 

 

Chapter 6 

Conclusions & Applications 



FATIGUE AND PACING 

 Chapter 6: Conclusions & Applications 

 

218 

 

6.1 Findings 

There are a number of important findings and applications from the studies within this thesis 

that have relevance to coaching, strength and conditioning and sport science staff.  

 

6.2 Theme 1 – Factors influencing pacing strategies in rugby league players 

6.2.1 Conclusions 

1. The addition of physical contact to small-sided games, results in players reducing low-

speed activity in order to maintain high-intensity activities. Despite this, players are 

unable to maintain both high-speed running and contact efforts. As such, there is a 

reduction in high-speed running as players prioritise the maintenance of contact efforts 

over running efforts. 

2. Despite lower running loads during contact small-sided games, players report greater 

perceived effort than during non-contact games, highlighting that performing physical 

contact is mentally and physically challenging. 

3. Increasing the number of contact efforts from one contact to two and three contacts per 

bout during small-sided games leads to greater reductions in subsequent playing 

intensity.  

4. Increasing the contact demands of training games weakens the positive relationship 

between high-intensity running ability and distance covered at moderate- and high-

speeds. 

5. During intensified competition, players with well-developed physical fitness set an 

even-paced pacing strategy that can be maintained throughout the tournament. 

Conversely, players with poorly developed physical qualities set a negative pacing 

strategy whereby energy is preserved early in the tournament, potentially to minimise 

increases in post-match fatigue and muscle damage in order to increase playing intensity 

during the latter stages of the tournament.  

6. Players with poorly developed physical fitness, exposed to high-intensity matches can 

compromise the overall playing intensity of a side during the final games of an 

intensified competition. 
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6.2.2 Practical Applications 

1. Players need to be exposed to contact and running drills that reflect the most intense 

periods of match-play on a regular basis during training in an attempt to limit the 

negative impact of contact on running intensities.  

2. Targeting defensive players whilst in possession of the ball, making them perform 

successive contact efforts with minimal recovery is likely to lead to greater reductions 

in running intensity which could lead to errors such as dropped balls or 

missed/ineffective tackles. 

3. Although high-intensity running ability is important, focusing solely on this quality is 

likely to leave players underprepared for the high-intensity contact demands of rugby 

league match-play. Conditioning programmes should incorporate contact and running 

drills so that players are prepared for the rigours of competition.  

4. Coaching staff should identify players with sub-standard physical fitness early in the 

pre-season period so that specific conditioning can be carried out in order to develop 

physical qualities to the required standard.  

 

The results from the first theme of this thesis indicate that both physical contact and fitness 

influence the pacing strategies players will employ during both match-play and small-sided 

games. As the contact demands of small-sided games are increased, progressive reductions in 

relative distance are seen across the course of each game. When the contact demands are 

relatively low (i.e. single-contact bouts), players tend to reduce the non-essential low-speed 

activity in an attempt to maintain the high-intensity contact efforts. These findings are in 

accordance with previous research from Australian rules football and women’s soccer where 

players reduce low-speed or ‘non-essential’ activity in order to maintain high-speed running 

efforts [17-19]. However, when the contact demands are increased to multiple efforts in each 

contact bout, players are unable to maintain all high-intensity activity (i.e. contact and running 

efforts), perhaps due to increased fatigue [9]. As such, players appear to employ a pacing 

strategy whereby they attempt to maintain contact efforts, at the cost of high-intensity 

running. Speculatively, players decide to maintain contact efforts ahead of running activities 

as they recognise that these are central to success in rugby league [25]. Despite this, 

maintaining a high relative running intensity is also important to the outcome of a game [55]. 

Therefore, players need to have the ability to perform the highly demanding contact efforts 

required during match-play whilst also maintaining a high running intensity. Furthermore, 
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having the capacity to perform the high-intensity running efforts that are commonplace during 

competition appears critical to minimising fatigue [4]. 

 

No previous research has investigated whether the pacing strategies of players are influenced 

by physical qualities. In the current thesis, the relationship between match activities and 

physical qualities during small-sided games and intensified competition was explored. During 

small-sided training games, where the contact demands were manipulated, there were some 

interesting relationships observed between high-intensity running ability and distances 

covered during each game. In the single-contact game, when the contact demands were 

relatively low, there were strong relationships between 30-15 Intermittent Fitness Test (30-15 

IFT) performance (a measure of high-intensity running ability) and distance covered at low- (r 

= -0.57), moderate- (r = 0.57) and high-speeds (r = 0.72). This is in accordance with research 

from soccer that, like the single contact game, has high relative running loads, but low contact 

loads [183, 219]. However, as the contact demands were increased from one contact every 

bout, to two and three contacts per bout, the relationship between 30-15 IFT performance and 

distances covered during the small-sided games diminished. This suggests that whilst high-

intensity running ability is important for running performance when the contact demands are 

low, as the contact demands are increased, it has less influence on player movements. This 

supports a growing body of evidence, highlighting, that whilst running fitness is important to 

running performance, it is not positively associated with the contact and repeated high-

intensity effort (RHIE) demands of competition [24, 28].  As such, preparing players for 

competition by solely using running drills is likely to leave them underprepared for the 

intense contact and repeated-effort demands of match-play.  

 

During intensified competition, players with well-developed physical fitness competing in 

high-standard matches, used an even-paced pacing strategy [13]. Conversely, players with 

poorly developed physical fitness also competing in the high-standard competition showed a 

positive, or all-out pacing strategy, where their playing intensity was initially high, but 

reduced as the tournament progressed. A possible explanation for this finding could be that 

these players initially attempted to maintain a similar intensity set by the high-fitness players, 

but as the tournament progressed, they reduced playing intensities as a self-preservation 

mechanism in order to prevent the catastrophic failure of any one physiological system [12, 
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185]. Alternatively, or in addition to, this pacing strategy set by the low-fitness players, 

increased fatigue over the competition, could have contributed to reductions in match playing 

intensities. Low-standard players who possessed lower levels of physical fitness than their 

high-standard counterparts adopted a pacing strategy that allowed them to preserve energy for 

the final stages of the competition. They employed a negative pacing strategy, whereby they 

started with a low playing intensity which gradually increased as the competition progressed 

[13]. A reason for this negative pacing strategy could be that they were aware that starting the 

competition with a high playing intensity could result in large increases in fatigue due to poor 

physical fitness [139]. Therefore, they made a conscious decision to reduce playing intensity 

and physical collisions, which are a major cause of post-match fatigue [47, 189], in order to 

minimise increases in fatigue and muscle damage during the early stages of the tournament. It 

is important to note that in the high-standard group, despite high-fitness players maintaining 

overall playing intensity across the tournament, there were reductions in team playing 

intensity due to reductions in the playing intensity of the low-fitness players.  Winning sides 

are able to maintain a greater playing intensity than losing sides [55], as such, any reductions 

in playing intensity could prove vital to the outcome of a match. With this in mind, it is 

important that all players meet a minimum level of fitness so individual players do not 

compromise the overall playing intensity of the team.  

 

Collectively, these data indicate that physical contact is both mentally and physically 

challenging. Physical fitness appears closely linked to the pacing strategies employed by 

players. Coaches should ensure that all players meet a minimum level of fitness so team 

playing intensity is not compromised. Conditioning players solely through running drills is 

likely to leave them underprepared for the intense contact and repeated-effort demands of 

competition. With this in mind, coaches should implement training drills that reflect the 

‘worst-case’ contact and running sdemands of competition.  
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6.3 Theme 2 – Post-match fatigue responses in rugby league players: causes 

and consequences 

 

6.3.1 Conclusions 

1. During intensified competition there is insufficient recovery between games, highlighted 

by progressive increases in markers of fatigue and muscle damage. There are greater 

increases in blood creatine kinase (CK) and reductions in perceived wellbeing in 

forwards than backs. This is most likely explained by an increased exposure to physical 

collisions and RHIE bouts during match-play. 

2. Increased markers of muscle damage and fatigue contribute to reductions in match 

playing intensity. In particular, there are reductions in high-intensity activities, such as 

RHIE bouts, that can prove vital to the outcome of a game.  

3. Increases in blood CK are associated with a reduction in RHIE bouts and an increased 

time between RHIE bouts, as well as reductions in low-speed activity.  

4. The addition of physical contact to small-sided games, results in upper-body 

neuromuscular fatigue and increased markers of muscle damage compared to non-contact 

small-sided games.  

5. Players with well-developed physical fitness perform greater absolute and relative 

workloads during match-play than players with poorly developed physical qualities. 

Despite these increased workloads, high-fitness players exhibit less post-match fatigue 

and faster recovery times following both single matches and during intensified 

competition.  

6. High-intensity running ability and lower body muscular strength appear central to 

minimising post-match fatigue and muscle damage. 

 

6.3.2 Practical Applications 

1. Given that elevated blood CK is associated with a reduction in high-intensity match 

activities, it would appear important that players do not begin games with high levels 

of blood CK.  

2. Contact training sessions should be performed well in advance of scheduled or 

important competitions. Given the reductions in upper-body power following contact 
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training-games, strength sessions aimed at enhancing muscular power should be 

performed prior to, or more than 24 hours following contact training sessions.  

3. Coaches should identify players with poorly developed aerobic fitness and lower-body 

muscular strength in order to specifically target and develop these qualities in training 

to minimise post-match fatigue and recovery time.  

 

Consistent with other findings from intensified tournaments in rugby league [30], basketball 

[29] and soccer [37], fatigue and muscle damage accumulated over an intensified competition 

when there was as little as 2 hours between matches. This is unsurprising given the time 

course taken for full recovery of the neuromuscular system and perceived wellbeing is 24-48 

hours following regular rugby league matches [27, 32, 34] and up to 120 hours for markers of 

muscle damage [35]. These increases in markers of fatigue coincided with reductions in 

match activities. Indeed, previous work from Australian rules football has highlighted that 

lower-body neuromuscular fatigue impacts negatively on match performance [38, 39]. In the 

current thesis, changes in peak power from a countermovement jump (CMJ) only shared 

small correlations with changes in performance across an intensified competition, whereas 

increases in CK showed significant and large to very large associations with reductions in 

low-speed activity, high-speed running, and number and frequency of RHIE bouts. The reason 

for this disparity could be due to the higher running loads in Australian rules football in 

comparison to rugby league [41] inducing more lower-body neuromuscular fatigue, and the 

greater contact loads in rugby league inducing greater levels of muscle damage and upper-

body fatigue [47]. CK is somewhat a putative marker of skeletal muscle damage [156, 220] 

and often shows disconnect to muscle function [27, 189]. Nevertheless, the results of the 

current research and work of others [40] suggests that elevated CK may lead to reductions in 

important match activities. As such, players should be free from fatigue and markers of 

muscle damage prior to competition in order to deliver successful performances.  

 

Increases in markers of muscle damage and reductions in perceived wellbeing were greater in 

the forwards than the backs over an intensified competition. This is most likely explained by 

the fact that forwards were involved in a greater absolute number and frequency of physical 

collisions and RHIE bouts than the backs. Indeed, we observed a large positive correlation 

between increases in CK and the total number of collisions over the tournament, which is also 
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supported by others [27, 36]. In addition, the increased perceived effort of performing tackles 

and RHIE bouts may explain the greater reductions in perceived wellbeing [9]. Although 

these results suggest that collisions and muscle damage are related, correlations do not show 

cause and effect. However, the finding that increased CK occurs when contact is added to 

small-sided training games appears to validate these observations. The larger, longer lasting 

increases in CK following contact small-sided games compared with non-contact games 

confirms that the blunt force trauma and wrestle efforts associated with collisions and contact 

during match-play is largely responsible for the changes in CK observed. The smaller 

increases in CK following the non-contact game clearly highlight that high-speed running 

efforts, accelerations, and decelerations still induce skeletal muscle damage, but to a lesser 

extent than when players perform both running efforts and physical contact.  

 

Reductions in upper-body power were also observed alongside the increases in CK following 

contact small-sided games but not non-contact games. Given the large involvement of the 

upper-body in the physical collisions that occur during rugby league match-play [11] these 

findings may be expected, but certainly indicates that simply assessing lower-body fatigue 

may underestimate the true fatigue response in players participating in contact sports such as 

rugby league. With this in mind, players should be exposed to collisions in training to prepare 

mentally and physically for the rigors of competition. These training sessions should occur 

earlier in the week once recovery from the previous game has occurred, whilst providing 

players with sufficient time to recover prior to the next scheduled match. Additionally, the 

upper-body should not be overlooked when monitoring the fatigue status of players or 

implementing recovery strategies in an attempt to accelerate recovery.  

 

With the intense contact and running demands of competition [2, 62], the observed fatigue 

responses following match-play are inevitable. Despite this, it is important to determine 

whether post-match fatigue can be minimised or managed. The findings from the present 

thesis suggests that players with well-developed physical qualities have greater relative and 

absolute workloads during competition but experience lower post-match fatigue than their less 

fit counterparts. This is the case during both single, regular season fixtures and intensified 

tournaments. Lower-body strength and high-intensity running ability (as measured by the Yo-

Yo Intermittent Running Test [IRT], Level 1) are two key qualities that were associated with 
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increased match activities and reduced post-match fatigue. Lower-body strength was 

associated with increased playing time, distance covered, high-speed running, contact efforts, 

RHIE bouts and internal load; high-intensity running ability was primarily associated with 

increases in high- and very-high speed running. These findings are in accordance with 

previous research [24, 28], clearly demonstrating the importance of physical qualities in rugby 

league players. Interestingly, well-developed high-intensity running ability did not lead to an 

increased number of collisions or RHIE bouts during match-play. This supports earlier work 

from Theme 1 of this thesis [209] as well as the work of others [24, 28] and highlights that 

specific conditioning needs to be implemented. Once again, simply improving fitness through 

running drills is likely to leave players underprepared for the intense contact and RHIE 

demands of competition.  

 

High-intensity running ability appeared to have the greatest influence on post-match fatigue 

out of all the qualities tested. Players with well-developed high-intensity running ability 

showed a full recovery of lower-body neuromuscular function by 24 hours whereas players 

with below average fitness still had a 5% reduction in CMJ power at 48 hours post-match. A 

similar trend was observed with blood CK, with fitter players experiencing smaller increases 

in CK than their less fit counterparts, and an almost complete recovery by 48 hours post-

match. This recovery of CK by 48 hours in the high-fitness playing group (based on Yo-Yo 

IRT) is even more remarkable given that previous research, albeit in elite NRL players, has 

shown that CK may be elevated for up to 120 hours after competition [36]. This certainly 

highlights the positive impact of well-developed fitness on the fatigue responses observed in 

players. The differences between players with high and low lower-body strength were less 

clear although there was a trend for less muscle damage in the players with better-developed 

lower-body strength. This is of particular note when coupled with the fact that these players 

performed almost 30% more collisions and 50% more RHIE bouts than their low strength 

counterparts. As was highlighted earlier in this thesis, contact plays a large role in the muscle 

damage response [47], so to observe lower CK values in players that performed more contact 

efforts highlights the protective effect of lower-body strength to post-match rises in CK. A 

potential explanation for this finding could be that players with better lower-body strength 

also have better tackling technique [221]. Therefore less effort is required by these players to 

execute a successful tackle which potentially results in less muscle damage. In addition, 

increased lower-body strength may allow for greater leg drive when taking the ball into 
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contact resulting in more dominant tackles and smaller increases in CK. With this in mind, in 

order to minimise post-match fatigue and accelerate recovery, coaching staff should develop 

physical fitness in players; high-intensity running ability and lower-body strength appear to 

have the greatest impact on post-match fatigue. 
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6.4 Summary 

In conclusion, the overall aims of this thesis were to determine the impact of various factors 

on the fatigue response to training and competition and how players paced through matches 

and small-sided games in order to manage fatigue whilst delivering successful performances. 

We found that performing contact efforts leads to greater reductions in running intensities 

during small-sided games compared to non-contact games; these reductions are increased with 

elevations in the contact demands. Physical contact also leads to increased perceived effort, 

markers of muscle damage and upper-body neuromuscular fatigue. As such, physical contact 

is associated with a significant physiological and functional cost. 

 

Well-developed high-intensity running ability leads to increased running loads and intensities 

performed by players during small-sided games and match-play. However, there is little 

association between high-intensity running ability and the contact demands of competition. In 

addition, the relationship between high-intensity running ability and distances covered during 

small-sided games deteriorates as the contact demands increase. Well-developed physical 

fitness leads to increased workloads during regular games as well as intensified periods of 

competition. Despite the increased workloads of fitter players, they suffer less fatigue and 

muscle damage and recover faster following competition in comparison to their less fit 

counterparts. Fatigue is an inevitable response to training and competition but this can be 

minimised through well-developed physical qualities. Players should be regularly exposed to 

the most intense contact, running, and repeated-effort demands of competition during training 

so they can develop the specific physical qualities required to maintain match intensities and 

deliver successful performances.  
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6.5 Limitations and Future Research 

The majority of the limitations in this thesis are discussed within the individual studies 

presented. One limitation of the overall thesis is that, there were a number of different 

populations that were used throughout the studies from schoolboy players through to semi-

professional players. As such, some of the findings may not be representative of rugby league 

players on the whole. It would have been advantageous to use the same sample size for each 

study so that all the findings of each study were applicable to that population, but 

unfortunately this was not a possibility. In addition to this, all of the studies investigated 

changes in activity profiles during competitive match-play or small sided games. Whilst these 

protocols provide us with ecological validity, it is important to note that contextual factors 

such as match outcome, field position and opposition will influence the observed activity 

profiles [72, 25, 55]. Based on the findings and limitations discussed in this thesis there are a 

number of areas that warrant future research. Although it is clear that high-intensity running 

ability influences pacing strategies employed during competition, the influence of other 

qualities (such as strength, speed and power) on pacing should be investigated. In addition, 

only between-game pacing strategies during intensified competition were assessed in the 

current study. It would be worthwhile investigating how physical qualities influenced pacing 

strategies within games. Well-developed physical fitness can lead to reductions in post-match 

fatigue, but it is unknown whether improving fitness over a training period translates to 

reductions in post-match fatigue. In addition, whilst we showed that some markers of fatigue 

are associated with reductions in performance, it would be worthwhile to determine the true 

relationship between fatigue and performance. Investigating whether there are thresholds for 

certain fatigue markers to determine a players’ readiness to train or compete would be 

particularly important.  
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Information Letters and Consent Forms 

Study 1 – Physical Contact on Pacing 

 

Information Letter 

PROJECT TITLE: Influence of contact on fatigue and pacing in small-sided games 

PRINCIPAL INVESTIGATOR: Dr. Tim Gabbett 

STUDENT RESEARCHER: Richard Johnston  

STUDENT’S DEGREE: PhD 

 

Dear Participant, 

 

You are invited to participate in the research project described below. 

 

What is the project about? 

The research project investigates the influence of contact on running performance and fatigue 

during and following small-sided games. The information from this study will identify 

whether performing more contact efforts in a single bout results in greater reductions in 

running performance, and whether this can be improved through training. You have been 

approached to participate in this study because you are a junior elite rugby league player 

competing in the top league in Australia. 

 

Who is undertaking the project? 

This project is being conducted by Rich Johnston and will form the basis for the degree of his 

PhD at Australian Catholic University under the supervision of Dr Tim Gabbett. 

 

Are there any risks associated with participating in this project? 

The possible risks, inconvenience and/or discomfort to you are negligible. Extensive warm-

ups will be carried out before any physical activity is performed to reduce the risk of injury. 

Protective equipment (e.g. mouthguard) must be worn during the contact component of the 

games. The GPS devices worn during training and the simulated game are worn in a 

specifically designed vest, with the unit located on the upper back in a padded compartment in 

order to minimise the risk of falling on the unit. There is a qualified physiotherapist on hand 
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should you sustain an injury during the study. The push-up and jump will be conducted 

following a warm-up and are performed on a purpose built platform that will be positioned 

free from any objects or obstacles. The fingertip blood sample involves a small pin prick and 

the collection of a few drops of blood and offers minimal discomfort. The pin prick is 

administered using sterilised, one-use lancets. Prior to the blood sample, the finger is cleaned 

and the experimenter will wear disposable gloves. All consumables will be discarded into a 

sharps bin. All these steps are taken to minimise the risk of infection 

 

What will I be asked to do? 

As a participant in this study, you will be asked to: 

 

 You will be asked to perform 2 small-sided games, one with contact, one without. 

Each game will last for 16 minutes. Immediately prior to the protocol, you will be 

asked to perform one countermovement jump on a force platform to measure 

neuromuscular fatigue, provide a small blood sample by way of a pin prick to the 

fingertip, and complete a short questionnaire. These measures will then be repeated 

immediately after the protocol and at 12, 36 and 48hr after the games. It is expected 

that these measures will take no more than 10 minutes of your time on each testing 

occasion. The 2 small-sided games will be separated by 72 hours and will form part of 

your training for the week. 

 The questionnaire will ask you to rate fatigue, muscle soreness, mood, stress, and 

sleep quality on 0-5 scales. 

 During the small-sided games, you will be asked to wear GPS devices to track 

movements and activities over the course of the game. 

 All of the testing will occur at the club’s training ground. 

 

How much time will the project take? 

 There will be no extra time commitments on top of your current training times. 

 

What are the benefits of the research project? 

The information will highlight the influence physical contact has on your fatigue following 

and performance during small-sided games. It will provide coaching staff with important 

information that will inform training. 

 

Can I withdraw from the study? 
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Yes, you are not under any obligation to participate. If you agree to participate, you can 

withdraw from the study at any time without adverse consequences.  

 

Will anyone else know the results of the project? 

All the information collected will be confidential and known only to the researchers. The 

findings of this study will not influence your selection within the team. The results of the 

study will be written up for publication, however, in no way will your results be identifiable.  

 

Will I be able to find out the results of the project? 

You will be able to find out your individual data, and the averages for the group. This 

information will be emailed to you individually.  

 

Who do I contact if I have questions about the project? 

Should you have any questions regarding this project, please use the following contacts: 

 

Principal Investigator: 

Dr. Tim Gabbett 

07 3623 7589 

tim.gabbett@acu.edu.au 

Student Researcher: 

Rich Johnston 

07 3623 7726 

richard.johnston@acu.edu.au 

 

School of Exercise Science, Australian Catholic University, 1100 Nudgee Road, Banyo, 

QLD, 4014 

 

What if I have a complaint or any concerns? 

The study has been reviewed by the Human Research Ethics Committee at Australian 

Catholic University. If you have any complaints or concerns about the conduct of the project, 

you may write to the Chair of the Human Research Ethics Committee care of the Office of the 

Deputy Vice Chancellor (Research). 

 

Manager, Ethics 

c/o Office of the Deputy Vice Chancellor (Research) 

Australian Catholic University 

North Sydney Campus 

PO Box 968 

North Sydney, NSW 2059 
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Ph: 03 9953 3150 

Fax: 03 9953 3315 

Email: res.ethics@acu.edu.au  

 

Any complaint or concern will be treated in confidence and fully investigated. You will be 

informed of the outcome. 

 

I want to participate! How do I sign up? 

Please inform Rich Johnston in person or via email or phone and complete the informed 

consent form. 

 

Yours sincerely, 

 

 

 

 

 

Dr Tim Gabbett                 Rich Johnston 

Principal Investigator       Student Investigator  

 

  

mailto:res.ethics@acu.edu.au
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Consent Form 

TITLE OF PROJECT: Influence of contact on fatigue and pacing in small-sided games 

PRINCIPAL INVESTIGATOR: Dr. Tim Gabbett 

 

STUDENT RESEARCHER: Rich Johnston 

PROGRAM IN WHICH ENROLLED: Doctor of Philosophy 

 

I  ................................................... (the participant) have read (or, where appropriate, have 

had read to me) and understood the information provided in the Letter to Participants. Any 

questions I have asked have been answered to my satisfaction. I agree to participate in this 

study, which involves performing 2 small-sided training games, wearing a GPS unit, and 

performing a jump and push-up and a fingertip blood sample following each game. 

 

Realising that I can withdraw my consent at any time, without comment or penalty or affect 

upon my future relationship with the researchers or the team, I agree that research data 

collected for the study may be published or may be provided to other researchers in a form 

that does not identify me in any way.   

 

NAME OF PARTICIPANT: ....................................................................................................... 

 

SIGNATURE: .............................................. DATE.................................... 

 

NAME OF PRINCIPAL INVESTIGATOR: ............................................................................... 

 

SIGNATURE: ..............................................                                  DATE ………..................... 
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Study 2 – Three Contact Efforts and Physical Performance 

 

Information Letter 

PROJECT TITLE: Are three contact efforts really reflective of a repeated-effort bout? 

PRINCIPAL INVESTIGATOR: Dr. Tim Gabbett 

STUDENT RESEARCHER: Richard Johnston  

STUDENT’S DEGREE: PhD 

Dear Participant, 

 

You are invited to participate in the research project described below. 

 

What is the project about? 

The research project investigates the influence of contact on running performance during 

small-sided games. The information from this study will identify whether performing more 

contact efforts in a single bout results in greater reductions in running performance, and 

whether this can be improved through training. You have been approached to participate in 

this study because you are a rugby league player competing in the top league in Queensland. 

 

Who is undertaking the project? 

This project is being conducted by Rich Johnston and will form the basis for the degree of his 

PhD at Australian Catholic University under the supervision of Dr Tim Gabbett. 

 

Are there any risks associated with participating in this project? 

The possible risks, inconvenience and/or discomfort to you are negligible. Extensive warm-

ups will be carried out before any physical activity is performed to reduce the risk of injury. 

Protective equipment (e.g. mouthguard) must be worn during the contact component of the 

games. The GPS devices worn during training and the simulated game are worn in a 

specifically designed vest, with the unit located on the upper back in a padded compartment in 

order to minimise the risk of falling on the unit. There is a qualified physiotherapist on hand 

should you sustain an injury during the study. 

 

What will I be asked to do? 

As a participant in this study, you will be asked to: 
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 Complete 3 different fitness tests, the yo-yo intermittent recovery test, and 1RM in the 

bench press and squat.  This fitness testing battery will take approximately 40 minutes 

to complete, and will be performed during regular training. 

 Seven days later, you will be asked to perform the first small-sided game which lasts 

24 minutes. You will then perform the second game 2 days later, and the third 4 days 

later. Each game consists of running and wrestling bouts. In each wrestling bout you 

will be asked to perform 1, 2, or 3 contact efforts. You will wear GPS units during 

each game to record information on movements and speeds. 

 You will then perform 6 weeks of structured training before performing the physical 

quality tests again and one small-sided game.  

 

How much time will the project take? 

 There will be no extra time commitments on top of your current training times. 

 

What are the benefits of the research project? 

The information will highlight your strengths and weaknesses and how this relates to small-

sided game performance. It will provide coaching staff with important information that will 

inform match tactics. 

 

Can I withdraw from the study? 

Yes, you are not under any obligation to participate. If you agree to participate, you can 

withdraw from the study at any time without adverse consequences.  

 

Will anyone else know the results of the project? 

All the information collected will be confidential and known only to the researchers. The 

findings of this study will not influence your selection within the team. The results of the 

study will be written up for publication, however, in no way will your results be identifiable.  

 

Will I be able to find out the results of the project? 

You will be able to find out your individual data, and the averages for the group. This 

information will be emailed to you individually.  

 

Who do I contact if I have questions about the project? 

Should you have any questions regarding this project, please use the following contacts: 
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Principal Investigator: 

Dr. Tim Gabbett 

07 3623 7589 

tim.gabbett@acu.edu.au 

Student Researcher: 

Rich Johnston 

07 3623 7726 

richard.johnston@acu.edu.au 

 

School of Exercise Science, Australian Catholic University, 1100 Nudgee Road, Banyo, 

QLD, 4014 

 

What if I have a complaint or any concerns? 

The study has been reviewed by the Human Research Ethics Committee at Australian 

Catholic University. If you have any complaints or concerns about the conduct of the project, 

you may write to the Chair of the Human Research Ethics Committee care of the Office of the 

Deputy Vice Chancellor (Research). 

 

Manager, Ethics 

c/o Office of the Deputy Vice Chancellor (Research) 

Australian Catholic University 

North Sydney Campus 

PO Box 968 

North Sydney, NSW 2059 

Ph: 03 9953 3150 

Fax: 03 9953 3315 

Email: res.ethics@acu.edu.au  

 

Any complaint or concern will be treated in confidence and fully investigated. You will be 

informed of the outcome. 

 

I want to participate! How do I sign up? 

Please inform Rich Johnston in person or via email or phone and complete the informed 

consent form. 

Yours sincerely, 

 

 

Dr Tim Gabbett                 Rich Johnston 

Principal Investigator       Student Investigator  

mailto:res.ethics@acu.edu.au
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Consent Form 

TITLE OF PROJECT: Are three contact efforts really reflective of a repeated-effort bout? 

PRINCIPAL INVESTIGATOR: Dr. Tim Gabbett 

STUDENT RESEARCHER: Rich Johnston 

PROGRAM IN WHICH ENROLLED: Doctor of Philosophy 

 

I  ................................................... (the participant) have read (or, where appropriate, have had read to 

me) and understood the information provided in the Letter to Participants. Any questions I have asked 

have been answered to my satisfaction. I agree to participate in this study, which involves performing 

3 small-sided training games, wearing a GPS unit, and carrying out 6 weeks of training prescribed by 

the club’s coaches.  

 

Realising that I can withdraw my consent at any time, without comment or penalty or affect upon my 

future relationship with the researchers or the team, I agree that research data collected for the study 

may be published or may be provided to other researchers in a form that does not identify me in any 

way.   

 

NAME OF PARTICIPANT: ....................................................................................................... 

 

SIGNATURE: .............................................. DATE.................................... 

 

NAME OF PRINCIPAL INVESTIGATOR: ................................................................................ 

 

SIGNATURE: ..............................................                                          DATE: ……………….......... 
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Study 3 – Physical Contact on Running 

 

Information Letter 

PROJECT TITLE: Influence of the number of contact efforts on subsequent running 

performance during game-based training activities 

PRINCIPAL INVESTIGATOR: Dr. Tim Gabbett 

STUDENT RESEARCHER: Richard Johnston  

STUDENT’S DEGREE: PhD 

Dear Participant, 

 

You are invited to participate in the research project described below. 

 

What is the project about? 

The research project investigates the influence of contact on running performance during 

small-sided games. The information from this study will identify whether performing more 

contact efforts in a single bout results in greater reductions in running performance, and 

whether this can be improved through training. You have been approached to participate in 

this study because you are a rugby league player competing in the top league in Queensland. 

 

Who is undertaking the project? 

This project is being conducted by Rich Johnston and will form the basis for the degree of his 

PhD at Australian Catholic University under the supervision of Dr Tim Gabbett. 

 

Are there any risks associated with participating in this project? 

The possible risks, inconvenience and/or discomfort to you are negligible. Extensive warm-

ups will be carried out before any physical activity is performed to reduce the risk of injury. 

Protective equipment (e.g. mouthguard) must be worn during the contact component of the 

games. The GPS devices worn during training and the simulated game are worn in a 

specifically designed vest, with the unit located on the upper back in a padded compartment in 

order to minimise the risk of falling on the unit. There is a qualified physiotherapist on hand 

should you sustain an injury during the study. 

 

What will I be asked to do? 
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As a participant in this study, you will be asked to: 

 Complete 3 different fitness tests, the yo-yo intermittent recovery test, and 1RM in the 

bench press and squat.  This fitness testing battery will take approximately 40 minutes 

to complete, and will be performed during regular training. 

 Seven days later, you will be asked to perform the first small-sided game which lasts 

24 minutes. You will then perform the second game 2 days later, and the third 4 days 

later. Each game consists of running and wrestling bouts. In each wrestling bout you 

will be asked to perform 1, 2, or 3 contact efforts. You will wear GPS units during 

each game to record information on movements and speeds. 

 You will then perform 6 weeks of structured training before performing the physical 

quality tests again and one small-sided game.  

 

How much time will the project take? 

 There will be no extra time commitments on top of your current training times. 

 

What are the benefits of the research project? 

The information will highlight your strengths and weaknesses and how this relates to small-

sided game performance. It will provide coaching staff with important information that will 

inform match tactics. 

 

Can I withdraw from the study? 

Yes, you are not under any obligation to participate. If you agree to participate, you can 

withdraw from the study at any time without adverse consequences.  

 

Will anyone else know the results of the project? 

All the information collected will be confidential and known only to the researchers. The 

findings of this study will not influence your selection within the team. The results of the 

study will be written up for publication, however, in no way will your results be identifiable.  

 

Will I be able to find out the results of the project? 

You will be able to find out your individual data, and the averages for the group. This 

information will be emailed to you individually.  

 

 

Who do I contact if I have questions about the project? 
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Should you have any questions regarding this project, please use the following contacts: 

Principal Investigator: 

Dr. Tim Gabbett 

07 3623 7589 

tim.gabbett@acu.edu.au 

Student Researcher: 

Rich Johnston 

07 3623 7726 

richard.johnston@acu.edu.au 

School of Exercise Science, Australian Catholic University, 1100 Nudgee Road, Banyo, 

QLD, 4014 

What if I have a complaint or any concerns? 

The study has been reviewed by the Human Research Ethics Committee at Australian 

Catholic University. If you have any complaints or concerns about the conduct of the project, 

you may write to the Chair of the Human Research Ethics Committee care of the Office of the 

Deputy Vice Chancellor (Research). 

 

Manager, Ethics 

c/o Office of the Deputy Vice Chancellor (Research) 

Australian Catholic University, North Sydney Campus 

PO Box 968 

North Sydney, NSW 2059 

Ph: 03 9953 3150 

Fax: 03 9953 3315 

Email: res.ethics@acu.edu.au  

 

Any complaint or concern will be treated in confidence and fully investigated. You will be 

informed of the outcome. 

 

I want to participate! How do I sign up? 

Please inform Rich Johnston in person or via email or phone and complete the informed 

consent form. 

 

Yours sincerely, 

 

 

Dr Tim Gabbett                Rich Johnston 

Principal Investigator       Student Investigator 

mailto:res.ethics@acu.edu.au
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Consent Form 

TITLE OF PROJECT: Influence of the number of contact efforts on subsequent running 

performance during game-based training activities  

PRINCIPAL INVESTIGATOR: Dr. Tim Gabbett 

STUDENT RESEARCHER: Rich Johnston 

PROGRAM IN WHICH ENROLLED: Doctor of Philosophy 

 

I  ................................................... (the participant) have read (or, where appropriate, have 

had read to me) and understood the information provided in the Letter to Participants. Any 

questions I have asked have been answered to my satisfaction. I agree to participate in this 

study, which involves performing 3 small-sided training games, wearing a GPS unit, and 

carrying out 6 weeks of training prescribed by the club’s coaches.  

 

Realising that I can withdraw my consent at any time, without comment or penalty or affect 

upon my future relationship with the researchers or the team, I agree that research data 

collected for the study may be published or may be provided to other researchers in a form 

that does not identify me in any way.   

 

NAME OF PARTICIPANT: ....................................................................................................... 

 

SIGNATURE: .............................................. DATE.................................... 

 

NAME OF PRINCIPAL INVESTIGATOR: ............................................................................... 

 

SIGNATURE: ..............................................                                DATE: ……………….......... 
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Study 4 – Pacing During Intensified Competition 

 

Information Letter 

PROJECT TITLE: The influence of playing standard on fatigue and match performance 

during an intensified rugby league competition 

PRINCIPAL INVESTIGATOR: Dr. Tim Gabbett 

STUDENT RESEARCHER: Rich Johnston  

STUDENT’S DEGREE: PhD 

 

Dear Participant, 

 

You are invited to participate in the research project described below. 

 

What is the project about? 

The research project investigates the fatigue responses to an intensified period of junior rugby 

league competition. The knowledge gained from this study will help coaches and game 

administrators plan training and competition schedules more effectively in order to reduce 

excessive fatigue. In addition, this study is the first to investigate the relationships between 

playing level, fatigue, and match performance. You have been approached to participate in 

this study because you are competing in the Confraternity rugby league carnival in 2014. 

 

Who is undertaking the project? 

This project is being conducted by Dr. Tim Gabbett and Rich Johnston and will form the basis 

for the degree of PhD at Australian Catholic University under the supervision of Dr. Tim 

Gabbett. 

 

What will I be asked to do? 

 Compete in rugby league games during the 2014 Confraternity Carnival held at 

Aqiunas College. 

 Prior to the tournament perform the Yo-Yo intermittent recovery test to measure 

fitness. The test will be done during a team training session at your school, and will 

take approximately 15 minutes. The test is similar to the beep test and requires you to 

perform 20 m shuttles at increasing speeds until you cannot keep in time with the 

audio signals.  
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 Wear a GPS unit during each game of the tournament in order to track player speeds 

and movements. 

 Before and after each game of the tournament, fatigue measures will be taken to track 

changes in fatigue.  

o Perform a jump and a push-up on a force platform to measure upper- and 

lower-body power (2 min). 

o Provide a fingertip blood sample to measure muscle damage (2 min). 

o Complete a short questionnaire to rate feelings of fatigue, soreness, mood, 

stress and sleep quality (1 min). 

 

Are there any risks associated with participating in this project? 

The possible risks, inconvenience and/or discomfort to you are negligible and aside from a 

small fingertip blood sample before and after each game will not be beyond those you 

experience during your normal training and competition. In case of any unlikely circumstance 

(e.g. chronic conditions, injury), medical staff will be on hand to manage the situation. 

 

The GPS units worn during the matches are regularly worn by players in the NRL and have 

been approved for competition use by the Australian rugby league. The units have been 

specifically designed to be worn in a place (top of back, between shoulder blades) that is 

unlikely to come into contact with the ground or another player. Furthermore, the units are 

small (approximately the size of a small mobile phone) and worn in a padded compartment of 

a custom designed vest as to minimise any risk to the player if they do happen to land on the 

unit. 

 

The countermovement jump and push-up players are required to perform offer very little risk. 

The platform will be placed on a stable surface and clear of any objects that may injure 

players if they were to lose balance. Prior to performing the exercises, players will undergo a 

standardised warm-up to minimise the risk of muscle strains. Furthermore, the players will 

only perform 1 jump and 1 push-up at any one time, further minimising the risk of injury. 

 

Whilst a blood sample may sound extreme, the routine requires only a finger prick and a small 

sample of blood (4-5 drops). As blood is being collected all appropriate measures will be 

taken to minimise the risk of contamination and infection. The experimenter will be wearing 

rubber gloves, and will clean the finger with an alcohol swab prior to pricking the skin. The 

skin will be pricked using sterilised equipment. Pressure will be applied to the finger with a 
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tissue after collection of each blood sample. All materials used in the blood sample collection 

process are placed into either a sharps bin or a biohazard bin before being incinerated. The 

experimenter has over 5 years’ experience collecting blood samples, which will minimise 

discomfort to the participant. It is important to note that no foreign bodies will be injected into 

players during the collection of the blood sample or any procedure associated with this study. 

 

As the Yo-Yo intermittent recovery test requires maximal exertion, players with any health 

concerns or injuries will not be required to perform the test. Prior to the test, players will 

perform a thorough warm-up in order to minimise the risk of sustaining an injury. 

 

How much time will the project take? 

Other than competing in the games during the competition, little time will be taken up by 

fitting the GPS units to each player prior to each game (1 min/player); performing a jump and 

push-up before and after each game (2 min/player); filling out the questionnaire (1min/player) 

each day; providing a fingertip blood sample each day (2 min/player).  In total, players will 

need to give up approximately 15 min of their time each day of the tournament. 

 

What are the benefits of the research project? 

The findings of this research will help your coaches improve your training and preparation for 

subsequent tournaments by adjusting training activities to help you with post-match recovery. 

The results will potentially allow game administrators to alter competition schedules to help 

reduce the likelihood of player overtraining and burnout as well as other negative training 

adaptations. It is our intention to present the findings of the group data in the form of a journal 

publication. This means other athletes within the community will be able to benefit from the 

knowledge gained from this study. Please note that you will not be named within this report 

and no one other than the team of researchers will be able to identify your results at any time 

during or following the testing. An identification number will be assigned to your data, known 

only to the researchers. 

 

Can I withdraw from the study? 

Participation in this study is completely voluntary. You are not under any obligation to 

participate. If you agree to participate, you can withdraw from the study at any time without 

adverse consequences. 

 

Will anyone else know the results of the project? 
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The researchers aim to present the information collected in a publication. In no way will your 

results be identifiable, only group averages will be reported. 

 

Will I be able to find out the results of the project? 

Yes, each participant will be emailed a copy of their individual results on completion of the 

study. 

 

Who do I contact if I have questions about the project? 

Principal Investigator: 

Dr. Tim Gabbett 

07 3623 7589 

tim.gabbett@acu.edu.au 

School of Exercise Science 

ACU National, McAuley Campus, 1100 Nudgee Road, Banyo, QLD, 4014 

 

What if I have a complaint or any concerns? 

The study has been approved by the Human Research Ethics Committee at Australian 

Catholic University (approval number 2013 xxxx). If you have any complaints or concerns 

about the conduct of the project, you may write to the Chair of the Human Research Ethics 

Committee care of the Office of the Deputy Vice Chancellor (Research). 

 

Research Ethics Manager 

Office of the Deputy Vice-Chancellor (Research) 

Australian Catholic University 

North Sydney Campus  

PO Box 968 

North Sydney 

NSW 2059 

Email: res.ethics@acu.edu.au  

 

Any complaint or concern will be treated in confidence and fully investigated. You will be 

informed of the outcome. 

 

I want to participate! How do I sign up? 

mailto:tim.gabbett@acu.edu.au
mailto:res.ethics@acu.edu.au
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You should sign both copies of the consent form. Please retain one copy for your records and 

return the other copy to the Principal Investigator.  

Yours sincerely, 

 

 

 

Dr Tim Gabbett                Rich Johnston 

Principal Investigator       Student Investigator  
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Consent Form 

TITLE OF PROJECT: The influence of playing standard on fatigue and match performance 

during an intensified rugby league competition 

NAME OF PRINCIPAL SUPERVISOR: Dr. Tim Gabbett 

NAME OF STUDENT RESEARCHER: Rich Johnston 

 

I  ...................................................  (the parent/guardian) have read (or, where appropriate, 

have had read to me) and understood the information provided in the Information Letter to 

Participants. Any questions I have asked have been answered to my satisfaction. I agree that 

my child, nominated below, may perform the Yo-Yo intermittent recovery test; a jump on a 

force platform to asses muscle fatigue; provide a small fingertip blood sample to measure 

muscle damage; and fill out a questionnaire to determine perceptions of wellbeing before and 

after each game. In addition, they may wear a GPS unit during each match to assess playing 

intensity. I realise that I can withdraw my consent at any time. I agree that research data 

collected for the study may be published or may be provided to other researchers in a form 

that does not identify my child in any way. 

 

NAME OF PARENT/GUARDIAN:    ......................................................................................................  

 

SIGNATURE  ......................................................…………………….… Date: .................................   

   

NAME OF CHILD    .................................................................................................................................  

 

SIGNATURE OF PRINCIPAL SUPERVISOR:  ............................................ Date: .................................  

 

 

SIGNATURE OF STUDENT RESEARCHER: .............................................. Date: .................................  

 

ASSENT OF PARTICIPANTS AGED UNDER 18 YEARS 

 

I ……………………… (the participant aged under 18 years) understand what this research 

project is designed to explore the impact of fatigue on match performance in rugby league 

competition. What I will be asked to do has been explained to me. I agree to take part in the 
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study realising that I can withdraw at any time without having to give a reason for my 

decision. 

 

NAME OF PARTICIPANT AGED UNDER 18:    ..................................................................................  

 

SIGNATURE: .................................................................................................. Date: .................................  

 

SIGNATURE OF PRINCIPAL SUPERVISOR: ............................................. Date: .................................  
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Study 5 – Fatigue and Match Performance 

 

Information Letter 

TITLE OF PROJECT: Physiological responses to an intensified period of junior rugby 

league competition 

PRINCIPAL SUPERVISOR: Dr. Tim Gabbett 

STUDENT RESEARCHER: Rich Johnston 

PROGRAM IN WHICH ENROLLED: Doctor of Philosophy 

 

Dear Participant, 

 

You are invited to participate in a study investigating the responses to an intensified period of 

junior rugby league competition. The knowledge gained from this study will help coaches and 

game administrators plan training and competition schedules more effectively in order to 

reduce excessive fatigue. In addition, this study is the first to investigate the relationships 

between fatigue an match performance. You have been approached to participate in this study 

because you are competing in the Confraternity rugby league carnival in Shorncliffe. 

 

The possible risks, inconvenience and/or discomfort to you are negligible and aside from a 

small blood sample before and after each game will not be beyond those you experience 

during your normal training and competition. In case of any unlikely circumstance (e.g. 

chronic conditions, injury), medical staff will be on hand to manage the situation. 

 

You will be asked to wear a small GPS unit during each match at the Confraternity carnival. 

GPS units are widely used in the NRL and Queensland Cup; they provide information on 

player movements (e.g. distance covered, tackles etc.) throughout the match. In addition to 

GPS, each game will be recorded by a video camera to gather match statistics (e.g. number of 

tackles, tries). Your time commitments aside from competing in each game will be minimal. 

Before each game you will be asked to fill out a questionnaire ranking fatigue, muscle 

soreness, mood, sleep quality and stress on a scale from 1-5 with 0.5 increments 

(approximately 2min); perform a jump on a force platform (approximately 2min) to determine 

muscle fatigue; and provide a small blood sample following a pin prick to the finger tip 

(approximately 2min) in order to determine muscle damage. In addition to this, you will be 

required to perform the jump and provide a blood sample after each game of the competition. 
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Each blood sample is collected via a pin prick to the finger, and the amount of blood taken is 

equivalent to a small drop of blood, this blood sample will determine the amount muscle 

damage induced by a junior rugby league game. As such, the discomfort and risks posed by 

these procedures are minimal. These measures have never been conducted in junior players, 

so your participation in the study will be greatly appreciated. 

 

The findings of this research will help your coaches improve your training and preparation for 

subsequent tournaments by adjusting training activities to help you with post-match recovery. 

The results will potentially allow game administrators to alter competition schedules to help 

reduce the likelihood of player overtraining and burnout as well as other negative training 

adaptations. It is our intention to present the findings of the group data in the form of a journal 

publication. This means other athletes within the community will be able to benefit from the 

knowledge gained from this study. Please note that you will not be named within this report 

and no one other than the team of researchers will be able to identify your results at any time 

during or following the testing. An identification number will be assigned to your data, known 

to only the researchers. 

 

Be advised that as a participant and or parent/guardian you are free to refuse consent 

altogether without having to justify that decision, and if you wish to, can withdraw consent 

and discontinue participation in the study at any time without giving a reason. Withdrawal 

from the research study will not impact upon your team selection. 

 

Should you have any questions regarding this project, please use the following contacts 

 

Principal Investigator: 

Dr. Tim Gabbett 

07 3623 7589 

tim.gabbett@acu.edu.au 

Student Researcher: 

Rich Johnston 

07 3623 7726 

richard.johnston@acu.edu.au 

 

School of Exercise Science 

ACU National, McAuley Campus, 1100 Nudgee Road, Banyo, QLD, 4014 

 

On completion of the study, we would be delighted to discuss with you the findings of the 

study, and your individual results. 
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Before deciding to take part in this study, it is important for you to be aware that this study 

has gained approval by the Human Research Ethics Committee at Australian Catholic 

University. This vigorous process ensures that the study is worthwhile and protects you the 

participant. 

 

In the event that you have any complaint or concern about the way you have been treated 

during the study, or if you have any query that the Investigators have not been able to satisfy, 

you may write to the Chair of the Human Research Ethics Committee care of the Victorian 

Research Services Unit. 

Chair, HREC 

C/o Research Services 

Australian Catholic University 

Melbourne Campus 

Locked Bag 4115 

FITZROY VIC 3065 

Tel: 03 9953 3158 Fax: 03 9953 3315 

 

Any complaint or concern will be treated in confidence and fully investigated. The participant 

will be informed of the outcome. 

 

If you agree to participate in this project, you should sign both copies of the Consent Form. 

Please retain one copy for your records and return the other copy to the Principal Investigator. 

Yours sincerely, 

 

 

 

 

 

Dr Tim Gabbett                 Rich Johnston 

Principal Investigator       Student Investigator  
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Consent Form 

TITLE OF PROJECT: Physiological responses to an intensified period of junior rugby 

league competition 

 

NAME OF PRINCIPAL SUPERVISOR: Dr. Tim Gabbett 

 

NAME OF STUDENT RESEARCHER: Rich Johnston 

 

I  ...................................................  (the parent/guardian) have read (or, where appropriate, 

have had read to me) and understood the information provided in the Information Letter to the 

Participants. Any questions I have asked have been answered to my satisfaction. I agree that 

my child, nominated below, may, perform a jump on a force platform to asses muscle fatigue; 

provide a small blood sample to measure muscle damage; and fill out a questionnaire to 

determine perceptions of wellbeing before and after each game. In addition, they may wear a 

GPS unit during each match, as well as having each game video recorded to measure match 

intensity and performance. I realise that I can withdraw my consent at any time. I agree that 

research data collected for the study may be published or may be provided to other 

researchers in a form that does not identify my child in any way. 

 

NAME OF PARENT/GUARDIAN:    ......................................................................................................  

 

SIGNATURE  ......................................................…………………….… Date: .................................   

   

NAME OF CHILD    .................................................................................................................................  

 

SIGNATURE OF PRINCIPAL SUPERVISOR:  ............................................ Date: .................................  

 

SIGNATURE OF STUDENT RESEARCHER: .............................................. Date: .................................  

 

ASSENT OF PARTICIPANTS AGED UNDER 18 YEARS 

 

I ……………………… (the participant aged under 18 years) understand what this research 

project is designed to explore the impact of fatigue on match performance in rugby league 

competition. What I will be asked to do has been explained to me. I agree to take part in the 
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study realising that I can withdraw at any time without having to give a reason for my 

decision. 

 

NAME OF PARTICIPANT AGED UNDER 18:    ..................................................................................  

 

SIGNATURE: .................................................................................................. Date: .................................  

 

SIGNATURE OF PRINCIPAL SUPERVISOR: ............................................. Date: .................................  

 

SIGNATURE OF STUDENT RESEARCHER:[if applicable] ....................... Date: .................................  
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Study 6 – Conact and Fatigue 

 

Information Letter 

PROJECT TITLE: Influence of contact on fatigue and pacing in small-sided games 

PRINCIPAL INVESTIGATOR: Dr. Tim Gabbett 

STUDENT RESEARCHER: Richard Johnston  

STUDENT’S DEGREE: PhD 

 

Dear Participant, 

 

You are invited to participate in the research project described below. 

 

What is the project about? 

The research project investigates the influence of contact on running performance and fatigue 

during and following small-sided games. The information from this study will identify 

whether performing more contact efforts in a single bout results in greater reductions in 

running performance, and whether this can be improved through training. You have been 

approached to participate in this study because you are a junior elite rugby league player 

competing in the top league in Australia. 

 

Who is undertaking the project? 

This project is being conducted by Rich Johnston and will form the basis for the degree of his 

PhD at Australian Catholic University under the supervision of Dr Tim Gabbett. 

 

Are there any risks associated with participating in this project? 

The possible risks, inconvenience and/or discomfort to you are negligible. Extensive warm-

ups will be carried out before any physical activity is performed to reduce the risk of injury. 

Protective equipment (e.g. mouthguard) must be worn during the contact component of the 

games. The GPS devices worn during training and the simulated game are worn in a 

specifically designed vest, with the unit located on the upper back in a padded compartment in 

order to minimise the risk of falling on the unit. There is a qualified physiotherapist on hand 

should you sustain an injury during the study. The push-up and jump will be conducted 

following a warm-up and are performed on a purpose built platform that will be positioned 
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free from any objects or obstacles. The fingertip blood sample involves a small pin prick and 

the collection of a few drops of blood and offers minimal discomfort. The pin prick is 

administered using sterilised, one-use lancets. Prior to the blood sample, the finger is cleaned 

and the experimenter will wear disposable gloves. All consumables will be discarded into a 

sharps bin. All these steps are taken to minimise the risk of infection 

 

What will I be asked to do? 

As a participant in this study, you will be asked to: 

 

 You will be asked to perform 2 small-sided games, one with contact, one without. 

Each game will last for 16 minutes. Immediately prior to the protocol, you will be 

asked to perform one countermovement jump on a force platform to measure 

neuromuscular fatigue, provide a small blood sample by way of a pin prick to the 

fingertip, and complete a short questionnaire. These measures will then be repeated 

immediately after the protocol and at 12, 36 and 48hr after the games. It is expected 

that these measures will take no more than 10 minutes of your time on each testing 

occasion. The 2 small-sided games will be separated by 72 hours and will form part of 

your training for the week. 

 The questionnaire will ask you to rate fatigue, muscle soreness, mood, stress, and 

sleep quality on 0-5 scales. 

 During the small-sided games, you will be asked to wear GPS devices to track 

movements and activities over the course of the game. 

 All of the testing will occur at the club’s training ground. 

 

How much time will the project take? 

 There will be no extra time commitments on top of your current training times. 

 

What are the benefits of the research project? 

The information will highlight the influence physical contact has on your fatigue following 

and performance during small-sided games. It will provide coaching staff with important 

information that will inform training. 

 

Can I withdraw from the study? 

Yes, you are not under any obligation to participate. If you agree to participate, you can 

withdraw from the study at any time without adverse consequences.  
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Will anyone else know the results of the project? 

All the information collected will be confidential and known only to the researchers. The 

findings of this study will not influence your selection within the team. The results of the 

study will be written up for publication, however, in no way will your results be identifiable.  

 

Will I be able to find out the results of the project? 

You will be able to find out your individual data, and the averages for the group. This 

information will be emailed to you individually.  

 

Who do I contact if I have questions about the project? 

Should you have any questions regarding this project, please use the following contacts: 

 

Principal Investigator: 

Dr. Tim Gabbett 

07 3623 7589 

tim.gabbett@acu.edu.au 

Student Researcher: 

Rich Johnston 

07 3623 7726 

richard.johnston@acu.edu.au 

 

School of Exercise Science, Australian Catholic University, 1100 Nudgee Road, Banyo, 

QLD, 4014 

 

What if I have a complaint or any concerns? 

The study has been reviewed by the Human Research Ethics Committee at Australian 

Catholic University. If you have any complaints or concerns about the conduct of the project, 

you may write to the Chair of the Human Research Ethics Committee care of the Office of the 

Deputy Vice Chancellor (Research). 

 

Manager, Ethics 

c/o Office of the Deputy Vice Chancellor (Research) 

Australian Catholic University 

North Sydney Campus 

PO Box 968 

North Sydney, NSW 2059 

Ph: 03 9953 3150 

Fax: 03 9953 3315 
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Email: res.ethics@acu.edu.au  

 

Any complaint or concern will be treated in confidence and fully investigated. You will be 

informed of the outcome. 

 

I want to participate! How do I sign up? 

Please inform Rich Johnston in person or via email or phone and complete the informed 

consent form. 

 

Yours sincerely, 

 

 

 

Dr Tim Gabbett                Rich Johnston 

Principal Investigator       Student Investigator  

 

  

mailto:res.ethics@acu.edu.au
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Consent Form 

TITLE OF PROJECT: Influence of contact on fatigue and pacing in small-sided games 

PRINCIPAL INVESTIGATOR: Dr. Tim Gabbett 

STUDENT RESEARCHER: Rich Johnston 

PROGRAM IN WHICH ENROLLED: Doctor of Philosophy 

 

I  ................................................... (the participant) have read (or, where appropriate, have 

had read to me) and understood the information provided in the Letter to Participants. Any 

questions I have asked have been answered to my satisfaction. I agree to participate in this 

study, which involves performing 2 small-sided training games, wearing a GPS unit, and 

performing a jump and push-up and a fingertip blood sample following each game. 

 

Realising that I can withdraw my consent at any time, without comment or penalty or affect 

upon my future relationship with the researchers or the team, I agree that research data 

collected for the study may be published or may be provided to other researchers in a form 

that does not identify me in any way.   

 

NAME OF PARTICIPANT: ....................................................................................................... 

 

SIGNATURE: .............................................. DATE.................................... 

 

NAME OF PRINCIPAL INVESTIGATOR: ............................................................................... 

 

SIGNATURE: ..............................................                                  DATE ………..................... 
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Study 7 – Fitness on Fatigue 

 

Information Letter 

PROJECT TITLE: The influence of fitness on the fatigue response to rugby league 

competition. 

PRINCIPAL INVESTIGATOR: Dr. Tim Gabbett 

STUDENT RESEARCHER: Richard Johnston  

STUDENT’S DEGREE: PhD 

 

Dear Participant, 

 

You are invited to participate in the research project described below. 

 

What is the project about? 

The research project investigates the influence of fitness on the fatigue response to a 

simulated rugby league game. The information from this study will identify key fitness 

qualities that influence the fatigue response following competition. You have been 

approached to participate in this study because you are a rugby league player competing in the 

top league in Queensland. 

 

Who is undertaking the project? 

This project is being conducted by Rich Johnston and will form the basis for the degree of his 

PhD at Australian Catholic University under the supervision of Dr Tim Gabbett. 

 

Are there any risks associated with participating in this project? 

The possible risks, inconvenience and/or discomfort to you are negligible. Extensive warm-

ups will be carries out before any physical activity is performed to reduce the risk of injury. 

Protective equipment (e.g. gum shield) must be worn during the contact component of the 

simulated game. The GPS devices worn during training and the simulated game are worn in a 

specifically designed vest, with the unit located on the upper back in a padded compartment in 

order to minimise the risk of falling on the unit. The countermovement jump will be 

performed on a force platform with a rubber surface in trainers to maximise grip, in addition, 

the area around the platform will be clear of any obstructions that could cause harm in the 

case of a fall. The blood sample required at each testing occasion will be performed with 
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sterilised equipment in order to prevent infection. Furthermore, the blood sample will be 

collected by a suitably qualified and experienced individual in order to minimise any 

discomfort it may cause. The blood sample itself is taken by a small prick to the finger and a 

small amount of blood is collected, as such, the pain from this process is minimal. 

 

What will I be asked to do? 

As a participant in this study, you will be asked to: 

 Complete 4 different fitness tests, the yo-yo intermittent recovery test, a 1.2 km time 

trial, a countermovement jump on a force platform, and a 3RM in the bench press and 

squat this fitness testing battery will take approximately 90 minutes to complete, and 

will be performed during regular training. 

 Seven days later, you will be asked to play a rugby league game. Immediately prior to 

the protocol, you will be asked to perform one countermovement jump on a force 

platform to measure neuromuscular fatigue, provide a small blood sample by way of a 

pin prick to the fingertip, and complete a short questionnaire. These measures will 

then be repeated immediately after the protocol and at 24, and 48 hrs after the game. It 

is expected that these measures will take no more than 10 minutes of your time on 

each testing occasion. The simulated game will be a full contact game played amongst 

members of the squad during training. 

 The questionnaire will ask you to rate fatigue, muscle soreness, mood, stress, and 

sleep quality on 0-5 scales. 

 During the game, you will be asked to wear GPS devices to track movements and 

activities over the course of the game. 

 All of the testing will occur at the club’s training ground. 

 

How much time will the project take? 

 The fitness tests will take approximately 90 minutes 

 The game will take 80 minutes 

 The measures of fatigue will take approximately 10 minutes on each of the 3 

occasions, totaling 30 minutes. 

 The measurement of fatigue is the only time commitment that will occur on top of 

your training commitments. As such, your time commitments to participate in this 

study are minimal. 

 



 

287 

 

What are the benefits of the research project? 

The information from this study will allow coaching staff to develop specific conditioning 

practices to help reduce post-competition fatigue, and optimise your preparation for the next 

game. 

 

Can I withdraw from the study? 

Participation in this study is completely voluntary. You are not under any obligation to 

participate. If you agree to participate, you can withdraw from the study at any time without 

adverse consequences.  

 

Will anyone else know the results of the project? 

All the information collected will be confidential and known only to the researchers. The 

findings of this study will not influence your selection within the team. The results of the 

study will be written up for publication, however, in no way will your results be identifiable 

to you.  

 

Will I be able to find out the results of the project? 

You will be able to find out your individual data, and the averages for the group. This 

information will be emailed to you individually.  

 

Who do I contact if I have questions about the project? 

Should you have any questions regarding this project, please use the following contacts: 

 

Principal Investigator: 

Dr. Tim Gabbett 

07 3623 7589 

tim.gabbett@acu.edu.au 

Student Researcher: 

Rich Johnston 

07 3623 7726 

richard.johnston@acu.edu.au 

 

School of Exercise Science, Australian Catholic University, 1100 Nudgee Road, Banyo, 

QLD, 4014 

 

What if I have a complaint or any concerns? 

The study has been approved by the Human Research Ethics Committee at Australian 

Catholic University (approval number 2012 xxxx). If you have any complaints or concerns 
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about the conduct of the project, you may write to the Chair of the Human Research Ethics 

Committee care of the Office of the Deputy Vice Chancellor (Research). 

 

Chair, HREC 

c/o Office of the Deputy Vice Chancellor (Research) 

Australian Catholic University 

Melbourne Campus 

Locked Bag 4115 

FITZROY, VIC, 3065 

Ph: 03 9953 3150 

Fax: 03 9953 3315 

Email: res.ethics@acu.edu.au  

 

Any complaint or concern will be treated in confidence and fully investigated. You will be 

informed of the outcome. 

 

I want to participate! How do I sign up? 

Please inform Rich Johnston in person or via email or phone and complete the informed 

consent form. 

 

Yours sincerely, 

 

 

 

Dr Tim Gabbett                 Rich Johnston 

Principal Investigator       Student Investigator  

 

 

  

mailto:res.ethics@acu.edu.au
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Consent Form 

TITLE OF PROJECT: The influence of playing standard on fatigue and match performance 

during an intensified rugby league competition 

NAME OF PRINCIPAL SUPERVISOR: Dr. Tim Gabbett 

NAME OF STUDENT RESEARCHER: Rich Johnston 

 

I  ...................................................  (the parent/guardian) have read (or, where appropriate, 

have had read to me) and understood the information provided in the Information Letter to 

Participants. Any questions I have asked have been answered to my satisfaction. I agree that I 

will be asked to perform the Yo-Yo intermittent recovery test; a jump on a force platform to 

asses muscle fatigue; provide a small fingertip blood sample to measure muscle damage; and 

fill out a questionnaire to determine perceptions of wellbeing before and after each game. In 

addition, they may wear a GPS unit during a game to assess playing intensity. I realise that I 

can withdraw my consent at any time. I agree that research data collected for the study may be 

published or may be provided to other researchers in a form that does not identify my child in 

any way. 

 

NAME OF PARTICIPANT: ....................................................................................................... 

 

SIGNATURE: .............................................. DATE.................................... 

 

NAME OF PRINCIPAL INVESTIGATOR: ............................................................................... 

 

SIGNATURE: ..............................................                                  DATE ………..................... 
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Study 8 – Playing Standard, Fitness and Fatigue 

 

Information Letter 

PROJECT TITLE: The influence of playing standard on fatigue and match performance 

during an intensified rugby league competition 

PRINCIPAL INVESTIGATOR: Dr. Tim Gabbett 

STUDENT RESEARCHER: Rich Johnston  

STUDENT’S DEGREE: PhD 

 

Dear Participant, 

 

You are invited to participate in the research project described below. 

 

What is the project about? 

The research project investigates the fatigue responses to an intensified period of junior rugby 

league competition. The knowledge gained from this study will help coaches and game 

administrators plan training and competition schedules more effectively in order to reduce 

excessive fatigue. In addition, this study is the first to investigate the relationships between 

playing level, fatigue, and match performance. You have been approached to participate in 

this study because you are competing in the Confraternity rugby league carnival in 2014. 

 

Who is undertaking the project? 

This project is being conducted by Dr. Tim Gabbett and Rich Johnston and will form the basis 

for the degree of PhD at Australian Catholic University under the supervision of Dr. Tim 

Gabbett. 

 

What will I be asked to do? 

 Compete in rugby league games during the 2014 Confraternity Carnival held at 

Aqiunas College. 

 Prior to the tournament perform the Yo-Yo intermittent recovery test to measure 

fitness. The test will be done during a team training session at your school, and will 

take approximately 15 minutes. The test is similar to the beep test and requires you to 

perform 20 m shuttles at increasing speeds until you cannot keep in time with the 

audio signals.  
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 Wear a GPS unit during each game of the tournament in order to track player speeds 

and movements. 

 Before and after each game of the tournament, fatigue measures will be taken to track 

changes in fatigue.  

o Perform a jump and a push-up on a force platform to measure upper- and 

lower-body power (2 min). 

o Provide a fingertip blood sample to measure muscle damage (2 min). 

o Complete a short questionnaire to rate feelings of fatigue, soreness, mood, 

stress and sleep quality (1 min). 

 

Are there any risks associated with participating in this project? 

The possible risks, inconvenience and/or discomfort to you are negligible and aside from a 

small fingertip blood sample before and after each game will not be beyond those you 

experience during your normal training and competition. In case of any unlikely circumstance 

(e.g. chronic conditions, injury), medical staff will be on hand to manage the situation. 

 

The GPS units worn during the matches are regularly worn by players in the NRL and have 

been approved for competition use by the Australian rugby league. The units have been 

specifically designed to be worn in a place (top of back, between shoulder blades) that is 

unlikely to come into contact with the ground or another player. Furthermore, the units are 

small (approximately the size of a small mobile phone) and worn in a padded compartment of 

a custom designed vest as to minimise any risk to the player if they do happen to land on the 

unit. 

 

The countermovement jump and push-up players are required to perform offer very little risk. 

The platform will be placed on a stable surface and clear of any objects that may injure 

players if they were to lose balance. Prior to performing the exercises, players will undergo a 

standardised warm-up to minimise the risk of muscle strains. Furthermore, the players will 

only perform 1 jump and 1 push-up at any one time, further minimising the risk of injury. 

 

Whilst a blood sample may sound extreme, the routine requires only a finger prick and a small 

sample of blood (4-5 drops). As blood is being collected all appropriate measures will be 

taken to minimise the risk of contamination and infection. The experimenter will be wearing 

rubber gloves, and will clean the finger with an alcohol swab prior to pricking the skin. The 

skin will be pricked using sterilised equipment. Pressure will be applied to the finger with a 
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tissue after collection of each blood sample. All materials used in the blood sample collection 

process are placed into either a sharps bin or a biohazard bin before being incinerated. The 

experimenter has over 5 years’ experience collecting blood samples, which will minimise 

discomfort to the participant. It is important to note that no foreign bodies will be injected into 

players during the collection of the blood sample or any procedure associated with this study. 

 

As the Yo-Yo intermittent recovery test requires maximal exertion, players with any health 

concerns or injuries will not be required to perform the test. Prior to the test, players will 

perform a thorough warm-up in order to minimise the risk of sustaining an injury. 

 

How much time will the project take? 

Other than competing in the games during the competition, little time will be taken up by 

fitting the GPS units to each player prior to each game (1 min/player); performing a jump and 

push-up before and after each game (2 min/player); filling out the questionnaire (1min/player) 

each day; providing a fingertip blood sample each day (2 min/player).  In total, players will 

need to give up approximately 15 min of their time each day of the tournament. 

 

What are the benefits of the research project? 

The findings of this research will help your coaches improve your training and preparation for 

subsequent tournaments by adjusting training activities to help you with post-match recovery. 

The results will potentially allow game administrators to alter competition schedules to help 

reduce the likelihood of player overtraining and burnout as well as other negative training 

adaptations. It is our intention to present the findings of the group data in the form of a journal 

publication. This means other athletes within the community will be able to benefit from the 

knowledge gained from this study. Please note that you will not be named within this report 

and no one other than the team of researchers will be able to identify your results at any time 

during or following the testing. An identification number will be assigned to your data, known 

only to the researchers. 

 

Can I withdraw from the study? 

Participation in this study is completely voluntary. You are not under any obligation to 

participate. If you agree to participate, you can withdraw from the study at any time without 

adverse consequences. 

 

Will anyone else know the results of the project? 
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The researchers aim to present the information collected in a publication. In no way will your 

results be identifiable, only group averages will be reported. 

 

Will I be able to find out the results of the project? 

Yes, each participant will be emailed a copy of their individual results on completion of the 

study. 

 

Who do I contact if I have questions about the project? 

Principal Investigator: 

Dr. Tim Gabbett 

07 3623 7589 

tim.gabbett@acu.edu.au 

School of Exercise Science 

ACU National, McAuley Campus, 1100 Nudgee Road, Banyo, QLD, 4014 

 

What if I have a complaint or any concerns? 

The study has been approved by the Human Research Ethics Committee at Australian 

Catholic University (approval number 2013 xxxx). If you have any complaints or concerns 

about the conduct of the project, you may write to the Chair of the Human Research Ethics 

Committee care of the Office of the Deputy Vice Chancellor (Research). 

 

Research Ethics Manager 

Office of the Deputy Vice-Chancellor (Research) 

Australian Catholic University 

North Sydney Campus  

PO Box 968 

North Sydney 

NSW 2059 

Email: res.ethics@acu.edu.au  

 

Any complaint or concern will be treated in confidence and fully investigated. You will be 

informed of the outcome. 

 

I want to participate! How do I sign up? 

mailto:tim.gabbett@acu.edu.au
mailto:res.ethics@acu.edu.au
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You should sign both copies of the consent form. Please retain one copy for your records and 

return the other copy to the Principal Investigator.  

Yours sincerely, 

 

 

 

Dr Tim Gabbett                Rich Johnston 

Principal Investigator       Student Investigator  
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Consent Form 

TITLE OF PROJECT: The influence of playing standard on fatigue and match performance 

during an intensified rugby league competition 

NAME OF PRINCIPAL SUPERVISOR: Dr. Tim Gabbett 

NAME OF STUDENT RESEARCHER: Rich Johnston 

 

I  ...................................................  (the parent/guardian) have read (or, where appropriate, 

have had read to me) and understood the information provided in the Information Letter to 

Participants. Any questions I have asked have been answered to my satisfaction. I agree that 

my child, nominated below, may perform the Yo-Yo intermittent recovery test; a jump on a 

force platform to asses muscle fatigue; provide a small fingertip blood sample to measure 

muscle damage; and fill out a questionnaire to determine perceptions of wellbeing before and 

after each game. In addition, they may wear a GPS unit during each match to assess playing 

intensity. I realise that I can withdraw my consent at any time. I agree that research data 

collected for the study may be published or may be provided to other researchers in a form 

that does not identify my child in any way. 

 

NAME OF PARENT/GUARDIAN:    ......................................................................................................  

 

SIGNATURE  ......................................................…………………….… Date: .................................   

   

NAME OF CHILD    .................................................................................................................................  

 

SIGNATURE OF PRINCIPAL SUPERVISOR:  ............................................ Date: .................................  

 

 

SIGNATURE OF STUDENT RESEARCHER: .............................................. Date: .................................  

 

 

ASSENT OF PARTICIPANTS AGED UNDER 18 YEARS 

 

I ……………………… (the participant aged under 18 years) understand what this research 

project is designed to explore the impact of fatigue on match performance in rugby league 
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competition. What I will be asked to do has been explained to me. I agree to take part in the 

study realising that I can withdraw at any time without having to give a reason for my 

decision. 

 

NAME OF PARTICIPANT AGED UNDER 18:    ..................................................................................  

 

SIGNATURE: .................................................................................................. Date: .................................  

 

SIGNATURE OF PRINCIPAL SUPERVISOR: ............................................. Date: .................................  
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Study 9 – Repeated Efforts and Performance 

 

Information Letter 

PROJECT TITLE: The influence of training on fitness and the fatigue response to simulated 

rugby league competition 

 

PRINCIPAL INVESTIGATOR: Dr. Tim Gabbett 

STUDENT RESEARCHER: Richard Johnston  

STUDENT’S DEGREE: PhD 

 

Dear Participant, 

 

You are invited to participate in the research project described below. 

 

What is the project about? 

The aim of this research is to determine whether any changes in fitness influence the fatigue 

response to rugby league small sided games.You have been approached to participate in this 

study because you are a rugby league player competing in the top league in Queensland. 

Who is undertaking the project? 

This project is being conducted by Rich Johnston and will form the basis for the degree of his 

PhD at Australian Catholic University under the supervision of Dr. Tim Gabbett. 

 

Are there any risks associated with participating in this project? 

The possible risks, inconvenience and/or discomfort to you are negligible. Extensive warm-

ups will be carried out before any physical activity is performed to reduce the risk of injury. 

Protective equipment (e.g. gum shield) must be worn during the simulated game. The GPS 

devices worn during training and the simulated game are worn in a specifically designed vest, 

with the unit located on the upper back in a padded compartment in order to minimise the risk 

of falling on the unit. The countermovement jump will be performed on a force platform with 

a rubber surface in trainers to maximise grip, in addition, the area around the platform will be 

clear of any obstructions that could cause harm in the case of a fall. You will undertake a 

period of 6 weeks of pre-season training that will be prescribed by the club’s coaching staff. 

 

What will I be asked to do? 
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As a participant in this study, you will be asked to: 

 Complete 4 different fitness tests, the yo-yo intermittent recovery test, a 1.2 km time 

trial, a countermovement jump on a force platform, and a 3RM in the bench press and 

squat this fitness testing battery will take approximately 90 minutes to complete, and 

will be performed during regular training. 

 Three days later, you will be asked to perform a simulated rugby league game, which 

lasts for approximately 80 minutes. Immediately prior to the protocol, you will be 

asked to perform one countermovement jump on a force platform to measure 

neuromuscular fatigue and complete a short questionnaire. These measures will then 

be repeated immediately after the protocol and at 24 and 48 hours after the game. It is 

expected that these measures will take no more than 5 minutes of your time on each 

testing occasion. The simulated game will be a full contact game played amongst 

members of the squad during training. 

 The questionnaire will ask you to rate fatigue, muscle soreness, mood, stress, and 

sleep quality on 0-5 scales. 

 During the simulated game, you will be asked to wear GPS devices to track 

movements and activities over the course of the game. The games will also be 

recorded by a video camera to assess skill involvements like the rest of your skills 

sessions are. 

 All of the testing will occur at the club’s training ground. 

 You will perform these fitness tests, simulated game and fatigue tests at the start and 

end of a 6 week pre-season training period 

 

How much time will the project take? 

 The fitness tests will take approximately 90 minutes 

 The simulated game will take 40 minutes 

 The measures of fatigue will take approximately 5 minutes on each of the 4 occasions, 

totalling 20 minutes. 

 The measurement of fatigue is the only time commitment that will occur on top of 

your training commitments. As such, your time commitments to participate in this 

study are minimal. 

 

What are the benefits of the research project? 
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The information from this study will allow coaching staff to develop specific conditioning 

practices to help reduce post-competition fatigue, and optimise your preparation for the next 

game. You will also engage in a training period aimed at improving your physical 

performance 

 

Can I withdraw from the study? 

Participation in this study is completely voluntary. You are not under any obligation to 

participate. If you agree to participate, you can withdraw from the study at any time without 

adverse consequences. Any data that has been collected prior to your withdrawal will be fed 

back to you if you desire before being deleted and removed from any future analysis. 

 

Will anyone else know the results of the project? 

All the information collected will be confidential and known only to the researchers. The 

findings of this study will not influence your selection within the team. The results of the 

study will be written up for publication, however, in no way will your results be identifiable 

to you.  

 

Will I be able to find out the results of the project? 

You will be able to find out your individual data, and the averages for the group. This 

information will be emailed to you individually.  

 

Who do I contact if I have questions about the project? 

Should you have any questions regarding this project, please use the following contacts: 

 

Principal Investigator: 

Dr. Tim Gabbett 

07 3623 7589 

tim.gabbett@acu.edu.au 

Student Researcher: 

Rich Johnston 

07 3623 7726 

richard.johnston@acu.edu.au 

 

School of Exercise Science, Australian Catholic University, 1100 Nudgee Road, Banyo, 

QLD, 4014 

 

 

What if I have a complaint or any concerns? 
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The study has been reviewed by the Human Research Ethics Committee at Australian 

Catholic University (review number 2014 XXX). If you have any complaints or concerns 

about the conduct of the project, you may write to the Chair of the Human Research Ethics 

Committee care of the Office of the Deputy Vice Chancellor (Research). 

 

Manager, Ethics 

c/o Office of the Deputy Vice Chancellor (Research) 

Australian Catholic University 

North Sydney Campus 

PO Box 968 

NORTH SYDNEY, NSW 2059 

Ph.: 02 9739 2519 

Fax: 02 9739 2870 

Email: resethics.manager@acu.edu.au  

 

Any complaint or concern will be treated in confidence and fully investigated. You will be 

informed of the outcome. 

 

I want to participate! How do I sign up? 

Please inform Rich Johnston in person or via email or phone and complete the informed 

consent form. 

 

Yours sincerely, 

 

 

 

 

 

Dr Tim Gabbett                 Rich Johnston 

Principal Investigator       Student Investigator  

 

 

  

mailto:resethics.manager@acu.edu.au
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Consent Form 

TITLE OF PROJECT: The influence of training on fitness and the fatigue response to 

simulated rugby league competition. 

PRINCIPAL INVESTIGATOR: Dr. Tim Gabbett 

STUDENT RESEARCHER: Rich Johnston 

PROGRAM IN WHICH ENROLLED: Doctor of Philosophy 

 

I  ................................................... (the participant) have read (or, where appropriate, have 

had read to me) and understood the information provided in the Letter to Participants. Any 

questions I have asked have been answered to my satisfaction. I agree to participate in this 

study, which involves assessing physical fitness and fatigue, comprised of a 

countermovement jump and a questionnaire, following a small-sided training game. I am 

aware that I will be required to wear a GPS unit during the small-sided game that will be 

recorded by a video camera for assessing skill involvements. 

 

Realising that I can withdraw my consent at any time, without comment or penalty or affect 

upon my future relationship with the researchers or the team, I agree that research data 

collected for the study may be published or may be provided to other researchers in a form 

that does not identify me in any way.   

 

NAME OF PARTICIPANT:...................................................................................................... 

 

SIGNATURE: .............................................................................. DATE:.................................... 

 

For office use only: 

 

NAME OF PRINCIPAL INVESTIGATOR: ...................................................................... 

 

 

SIGNATURE: ................................................................................DATE:……………….......... 
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Ethics Approval 

Each study within this thesis received ethical approval from Australian Catholic University 

Human Research Ethics Committee prior to any data being collected. Evidence of approval 

from the ethics committee is outlined below from Australian Catholic University’s online 

ethics application programme. 

  



 

303 

 

Studies 1-3 Approval ID: 2013 315Q 
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Studies 4 and 8 Approval ID: 2014 05Q 
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Study 5 Approval ID: 2012 159Q 
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Studies 6 and 7 Approval ID: 2012 264Q 
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Study 9 Approval ID: 2014 291Q 

 

 


