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PREFACE 

This thesis for the degree of Doctor of Philosophy is in the format of published or 

submitted manuscripts and abides by the 'Procedures for Presentation and Submission 

of Theses for Higher Degrees - University of Technology, Sydney; Policies and 

Directions of the University' . All manuscripts included in this thesis are closely 

related in subject matter and subsequently form a cohesive research narrative. 

During the course of this research, six manuscripts, for which the candidate is the first 

author, have been submitted for publication based on research developed and 

conducted by the PhD candidate. These papers are initially brought together by an 

Introduction , which provides background information, an explanation of the research 

problem and the aims of the series of studies. A Literature Review then follows to 

provide an overview of rugby league research. The methodology for individual 

projects is included within each of the subsequent six manuscripts. The manuscripts 

are presented and formatted for publication, in a logical sequence following the 

development of research ideas in this investigation. A final Summary chapter 

integrates the flow of research ideas and conclusions from each project and outlines 

avenues for future research directions and provides recommendations based on the 

major findings. 

The manuscripts are formatted in the style of specific journals and therefore 

variations in formatting are apparent between the manusc1ipts. Figures, tables and 

reference numbering in all manuscripts have been retained. A joint authorship 

statement of the contribution made by each author precedes each manuscript. 
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ABSTRACT 

There is a limited amount of research on the match and training demands of rugby 

league players, particularly at the professional level. As a consequence, many of the 

testing procedures and training practices for professional players may not be specific 

to their competition demands. Therefore, the overall aim of this thesis was to gain a 

greater understanding of the current match demands and physical training regimes of 

professional rugby league. An additional aim was to develop a match-specific 

running test and to examine the efficacy of current training programs in professional 

rugby league. To achieve this, three separate studies were undertaken. Study 1 

determined the reliability of a method for measuring time-motion analysis and 

examined the match demands of professional rugby league competition with regard to 

playing level and positional roles. In Study 2, a new team-sport running test was 

developed and the reliability of the physiological responses and physical performance 

to this test was determined. Study 3 examined the effects of five weeks of general 

preparation pre-season training on aerobic fitness and match-related sprint 

performance in elite rugby league forwards. The results show that differences do 

exist in relation to the physical and game-specific skill match demands, both between 

levels of competition and positional roles and that pre-season training is effective in 

increasing aerobic fitness and match-related sprint performance in professionaltugby 

league forwards. Therefore, the differences identified between playing levels and 

positional roles within this thesis should be used when designing training programs 

for professional rugby league players. Additionally, it also appears that the specific 

rugby league testing protocol developed in this thesis can be reliably used to 

determine the effects of intervention on the match-related performance of 

professional rugby league players. Overall, this thesis entails valuable information 

and practical implications for sports scientists, coaches, conditioning specialists, 

talent scouts and other practitioners involved in the process of optimising 

performance in professional rugby league players. 
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Chapter 1 

General Introduction 
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BACKGROUND 

The game of rugby league was developed in the mid-1890s in England as an offshoot 

from rugby union [1]. Today, rugby league is a mass participation sport played in 

several countries worldwide. The game is physically demanding, requiring players to 

partake in many physical collisions and tackles, as well as short-duration, 

high-intensity efforts. In order to tolerate the physical demands of match play, 

training is complex and challenging, as the players are required to develop many 

facets of physical fi tness (e.g., speed, agility, strength, power and aerobic capacity) 

and skill attributes. As in all competitive sports, rugby league coaches are dedicated 

to improving their teams' performance by optimising training practises specific to 

their sport. 

In Australia, New Zealand and England, rugby league is a high-profile sport that 

receives large corporate sponsorship and international television coverage. 

The Australian and English leagues have many professional clubs that have 

multimillion-dollar operating budgets and pay players large sums to play for their 

club. These clubs have sophisticated coaching structures, player recruitment and 

long-term athlete development. However, despite the sizeable funding and 

sophisticated coaching structures, there are few peer-reviewed scientific studies on 

the competition and training requirements of rugby league players, particularly at the 

elite level. A clear demonstration of the dearth of scientific studies on rugby league is 

that only 1.8% (11/611) of the published papers presented at the World Congress of 

Science and Football since 1988 have examined rugby league (Table 1). This 

conference is arguably the leading conference for science and football and provides a 

good estimation of the relative level of scientific studies that have been conducted on 

rugby league in comparison to other football codes. 
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Table 1: Publications in the Proceedings of the World Congress of Science and 

Football according to team-sport codes [2-7]. 

Code 

Soccer 
Rugby union 
Generic to all 
Austral ian Football League 
American football 
Gaelic football 
Rugby league 
More than two codes 
Futsal 
Touch football 
Total 

No. of publications 

461 
44 
27 

24 
16 
13 
11 
7 

6 
2 

611 

% of publications 

75.5 

7.2 

4.4 

3.9 

2.6 
2.1 
1.8 

1.1 
1.0 

0.3 

100% 

Most of the prevwus peer-reviewed research in rugby league has examined the 

incidence and type of injuries in training and match play [8-56] and anthropometric 

and physical characteristics of players [57-80] (Table 2). However, relatively little 

attention has been given to identifying the most appropriate training practices to 

develop the necessary prerequisites for competition, [52, 72, 81-88] or in evaluating 

the differences in physical demands [89, 90] , playing patterns [91, 92] or 

physiological responses during match play between various playing positions or 

standards of competition [93-96]. Given the relative absence of current rugby league 

match-play data, many of the physiological tests that have been used to assess the 

physical fitness of professional players may not be sufficiently specific to the 

contemporary demands of rugby league. 
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Table 2: Publications listed from a Pubmed search (accessed: 28th February 2008) entitled 'rugby league' according to research field. 

Elite Semi-elite Amateur Junior Two levels Three or more levels Total %of Publications 

Medicine and injuries 30 8 7 5 2 13 65 39.6 I 

Physical characteristics and 
10 4 3 2 8 1 28 17.1 

performance-testing 

Strength testing and training 6 1 1 3 5 4 20 12.2 

Environment, rules and safety 4 3 2 2 11 6.7 

Physiology of training 2 6 1 1 10 6.1 

Review 9* 9 5.6 

Nutrition and metabolism 5 5 3.1 

Psychology 2 2 4 2.4 

Physiology of match play 3 1 4 2.4 

Time-motion analysis 2 2 1.2 

Notational analysis 2 2 1.2 

Training periodisation 2 2 1.2 

Talent identification 1 1 0.6 

Management and coaching 1 1 0.6 

Biomechanics 0 0.0 

Total 69 20 14 14 16 31 164 100% 

*Five of the listed publications refer to reviews of injury data of rugby league players. 
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THE RESEARCH PROBLEM 

Central to the development of effective training programs and testing protocols for 

professional rugby league is an understanding of the physical demands and unique 

activities of the game. However, there have been only a few studies that have 

examined the match and training demands of rugby league players, particularly at the 

professional level [89, 90]. Therefore, much of the information relating to the 

development of specific training programs or testing protocols available to 

professional players, coaches and scientists is based on subjective views from 

personal experiences rather than scientific knowledge. 

The few previous studies that have attempted to quantify the physical demands of 

rugby league match play have a number of limitations. Methodological issues such as 

low sample size, a lack of information on the reliability of the analysis method and 

the investigation of the requirements of a position for a whole match rather than one 

player in a position during each match may limit these studies. The usefulness of 

information from these time-motion studies may also be reduced by categorising 

players into two broad positional groups, the backs and forwards. Research is yet to 

compare time- motion analysis between more refined positional sub-groups 

(i .e., backs, forwards, full-back, hooker and service-players) or different levels of 

competition. It is possible that due to the differences in physical fitness and skill 

between positional sub-groups [78] or playing abilities [79], that the physical and 

game-specific skill match requirements may vary accordingly. Therefore, in order to 

provide relevant data for the design of specific testing and training programs, there is 

a need for greater data collection of various playing positions at all playing levels. 

The umque laws of rugby league influence the code to such an extent that the 

physical characteristics, positional roles and movement patterns of players may 

change when these laws are modified. Rule changes are not uncommon in sport, and 

rugby league has had a number of these over the years, such as the introduction of the 

10-m defensive rule in 1992 (a player must retire a distance of 10m instead of 5 m 

from the play the ball) [90]. Research has examined the influence of the 10-m 
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defensive rule change on physical work loads during a match, indicating an increased 

demand placed on the aerobic capacities of the players [90]. However, these data 

were collected under the unlimited interchange rule (years: 1998-2000) and may not 

accurately reflect the work loads of current professional rugby league players. The 

present laws of rugby league only allow a limited number of substitutions to be 

completed during a game. It is hypothesised that due to players spending longer 

periods of time on the field, recovery time will be reduced, possibly increasing the 

importance of the development of the aerobic capacity of players. 

It appears that the aerobic fitness of professional rugby league players is lower when 

compared to other top-level players of different team sports that require prolonged, 

high-intensity, intermittent exercise [97-99]. Indeed, variation also exists in the level 

of aerobic fitness between both playing positions [60, 62] and playing abilities 

[62, 63, 87] in rugby league players. It is generally accepted that the forwards have a 

lower aerobic capacity when compared to the backs [60, 62]. Given the importance 

of an increase in aerobic fitness to improved match performance in other team sports 

requiring prolonged high-intensity intemlittent exercise [100, 101], training programs 

for rugby league should probably focus on developing the aerobic capacity of players, 

especially the forwards. However, research has yet to examine the effects of 

improving aerobic fitness in professional rugby league players on subsequent match 

performance. For this to be achieved, specific tests that can objectively measure the 

physical performance and physiological responses to match play need to be 

developed. 

A poor understanding of the underlying physical demands of professional rugby 

league competition makes it difficult to develop specific testing protocols that reflect 

the contemporary demands. The development of such tests would be advantageous, 

possibly reducing the logistical problems researchers face in gaining data during 

actual match play. Such a test would allow a more controlled environment to 

measure the physical work-rate and other physiological indicators, such as heart rate, 

blood markers of exercise intensity and oxygen consumption. Therefore, the 
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development of reliable performance tests that replicate the running demands and 

frequency of movement changes common in professional rugby league would assist 

coaches and conditioning specialists to examine physical performance changes during 

match play. The examination of the effectiveness of training programs, adaptations to 

training, and prescription of training may also be monitored. 

STUDY OBJECTIVES 

Compared to other team sports there is a paucity of information relating to the 

physical demands of match play and subsequently the specificity of training in 

professional rugby league. Therefore, the aim of the series of investigations included 

in this thesis was to scientifically examine the match demands and physical training 

regimes currently used in professional rugby league. These theories specifically 

examined the reliability of a method for measuring time-motion analysis, described 

and compared the match demands of professional rugby league players with regard to 

playing ability and positional roles and determined the reliability and validity of a 

specific performance test that was used to examine the effects of physical training on 

aerobic fitness and match performance in professional rugby league players. 

By identifying the physical and game-specific skill demands of match play, it is 

possible to develop relevant testing procedures to examine the effectiveness of 

training strategies employed at the professional level. This will allow for training 

programs based on scientific knowledge to be implemented that will ultimately 

optimise performance in professional rugby league players. 
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PURPOSE AND HYPOTHESIS OF THE STUDIES 

Chapter 3 - The intra-rater reliability of using a computer-based tracking 

system for time-motion analysis of rugby league 

• The purpose of this investigation was to determine the intra-rater (i.e., a single 

observer's) reliability of using a computer-based tracking (CBT) system for 

time-motion analysis of elite and semi-elite rugby league match play. 

• The reliability of physical performance measures such as the distance 

covered, time spent and frequency at various running speeds was determined. 

Chapter 4 - A comparison of match demands between elite and semi-elite rugby 

league competition 

• The aim of this examination was to quantify the physical performance and 

game-specific skill involvement of elite rugby league players competing in 

the Australian National Rugby League (NRL) and semi-elite players 

competing in the New South Wales Premier League (NSWPL). 

• A secondary aim was to determine whether any differences exist in both 

physical performance and game-specific skill involvement between these two 

standards of competition. 

Chapter 5- Positional match demands of elite rugby league competition 

• The purpose of this investigation was to analyse the physical demands and 

game-specific skill involvement of five positional groups (i.e., backs, 

forwards, full-back, hooker and service-players) during elite rugby league 

match play. 
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Chapter 6 - The reliability of physiological and performance measures during 

simulated team-sport running on a non-motorised treadmill 

• The specific aim of this investigation was to establish the reliability of 

running performance and physiological responses to a generic team-sport 

protocol on a non-motorised treadmill (NMT). 

Chapter 7 - The reliability of a repeated-sprint ability test during simulated 

team-sport running on a non-motorised treadmill 

• This examination was undertaken to determine the reliability of a 

repeated-sprint ability test when completed under fatigue during a generic 

team-sport protocol on a NMT. 

Chapter 8 - The effects of pre-season training on aerobic fitness and sprint 

performance in elite rugby league forwards 

• The purpose of this study was to develop a position-specific performance test 

on a NMT that reflects the movement patterns and physical demands of elite 

rugby league forwards; 

• To examine the effects of five weeks of general preparation pre-season 

• 

training on aerobic fitness measures in elite rugby league forwards ; and, 

To determine whether changes in aerobic fitness would improve sprint 

performance during simulated rugby league match running on a NMT. 
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RESEARCH PROGRESS LINKING THE MANUSCRIPTS 

This research project described the physical and game-specific skill match demands 

of professional rugby league players relating to different positional groups and levels 

of competition and evaluated the effects of physical training on aerobic fitness and 

subsequent simulated match play. To achieve this, three separate research projects 

were undertaken (Figure 1). Chapter 3 determined the reliability of a time-motion 

analysis method used to measure key physical performance variables. As a result of 

the findings from Chapter 3 (specifically the detection of an adequately reliable 

time- motion analysis method), Chapters 4 and 5 documented the differences in 

physical and game-specific skill match performance between playing abilities and 

positional sub-groups in professional rugby league players. Examination of all these 

variables was performed within the one investigation (Study 1 ). 

Study 2 examined the reliability and validity of a method that can be used to assess 

match-specific running performance in team sports including rugby league 

(Chapter 6). Additionally, the reliability of the physiological responses to this testing 

protocol was also determined. To accurately reflect the demands of team-sport match 

play, including rugby league, the reliability of assessing repeated-sprint performance 

under fatigue was also examined (Chapter 7). 

The findings of Studies 1 and 2 (specifically the description of specific rugby league 

movement patterns and physical demands and the determination of a reliable testing 

system) were then used in Study 3 to develop a highly specific testing protocol for 

elite rugby league forwards. This specific rugby league test was then used to assess 

the influence of current physical training regimes on aerobic fitness and subsequent 

match performance in elite rugby league forwards (Chapter 8). 
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SturJy,,_ 1.: 
Match analysis of professioqal 

rugby leagu'e compefltian';, 

Study3: 
Intervention study on professional rugby ,, 

league players using team-sport 
testing method 

Figure 1: General outline of the research progress linking the three major studies 

undertaken in this thesis. 

The research undertaken in this thesis aimed to comprehensively investigate both the 

match demands of professional rugby league and evaluate the effectiveness of 

physical training regimes currently employed at the professional level. There are 

several novel aspects of each of these studies, including the deterrnination of the 

reliability of a recently developed method of time-motion analysis, an examination of 

the demands of professional rugby league and comparison of both different standards 

of competition and positional requirements, the development of a position-specific 

rugby league testing protocol that reflects the demands of elite rugby league forwards 

during a game, and an examination of the influence of physical training practices at 

the professional level on aerobic fitness and match performance. Independently and 

collectively, these studies contribute to the current understanding of the match 

demands and the physical training practices of professional rugby league players. 
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INTRODUCTION 

Rugby league has grown from its early beginnings in the north of England during the 

1890s to being played in many countries worldwide, including Australia, New 

Zealand, United Kingdom, France, Papua New Guinea, Tonga and the United States 

of America. In Australia, rugby league has approximately 35,000 adult and 115,500 

child registered players, with approximately 380,000 adults and children participating 

in rugby league each year [1]. In 2008, ten countries will compete for the World Cup, 

with millions around the world watching on television. Given this kind of exposure 

and participation, it is remarkable that very few scientific investigations have been 

conducted into the science of rugby league performance. 

This review will focus on the available literature that describes the anthropometric, 

physiological, match and training demands of rugby league players, with particular 

focus on the professional level. 

THE GAME OF RUGBY LEAGUE 

The game of rugby league is played in two, 40-minute halves with a 1 0-minute 

half-time break. Throughout an 80-minute game the ball is 'in play' for 

approximately 50 minutes [2]. During this time players are involved in frequent 

high-intensity passages of play (i.e., hit-ups, support runs and tackling), separated by 

longer intervals of low-intensity activity (i.e., standing, walking and jogging) [3]. 

The physical demands of rugby league are multifaceted, demanding a combination of 

high muscular strength, power, speed, flexibility as well as high aerobic and 

anaerobic capacities of players [4]. 

The playing field is typically 100 m long and 68 m wide with 'in-goal' or scoring 

zones at each end of between 7-10 m in length. The object of the game is to score 

tries by grounding the ball in the opponent's in-goal. A goal may also be scored by 

kicking the ball over the opponent's crossbar. Each team has six consecutive tackles 

in attack, or a set in which to promote the ball down the field into the opponent's 

in-goal. The ball must be passed backwards, but can be carried forward or kicked 
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into the opponent's defensive line. On completion of each set, the ball is given to the 

opposition team (usually by a kick downfield) to commence its set of six tackles. 

Time taken for stoppages in play (i.e., injury, video referee, etc.) is allowed; however, 

the time clock is only stopped at the referee's discretion. Additionally, coaches are 

only allowed to make 10 player interchanges on the field during the match. 

Therefore, the same players are involved in both attack and defence for the majority 

of the playing time. 

A rugby league team comprises 13 players on the field and four interchange players. 

Within each team there are two distinct types of players, the forwards and backs 

[5-17]. The forwards consist of two props, a hooker, two second-rowers and a lock. 

The backs consist of a half-back, five-eighth, two centres, two wingers and a 

full-back. Each of these players has a different role to play throughout a match. The 

forwards predominantly perform a large number of hit-ups, collisions and tackles, and 

are usually replaced by interchange players after a short period of playing time 

(i.e., 10- 20 min), and return after subsequent rest. In contrast, the backs are involved 

in more free running and, because of the limited interchange rule, tend to play for 80 

minutes. Team positions can also be classified according to individual playing 

positions [17-20] or combined into broader sub-groups based on positional 

similmities (i.e., props, hookers and halves, back-rowers, outside backs) [17, 19-24]. 

Previous studies on rugby league have been conducted on players' varying abilities, 

ranging from the juniors to the professional level [11, 12, 16, 21, 24-26]. However, 

due to the lack of consistency in the classification of playing level in previous studies 

or the poor description of the playing level, comparisons between playing abilities are 

presently very difficult. Therefore, for the purpose of this review, we have 

categorised the playing level into four distinct groups, including elite, semi-elite, 

amateur and college-aged/youth, and these terms will be referred to throughout the 

literature review. Additionally, for the purpose of this review the positional group of 

the forwards consists of the prop, hooker, second-row and lock positions, while the 

backs consist of the half-back, five-eighth, centre, wing and full-back positions. 

24 



PHYSICAL CHARACTERISTICS OF RUGBY LEAGUE PLAYERS 

Rugby league players possess unique physical attributes dependent on their positional 

role in the game [21]. Indeed, certain physical characteristics will naturally orientate 

a player towards a particular playing position over others. For example, a heavier and 

taller player would usually gravitate to a forwards position, where his size is 

advantageous for the numerous hit-ups, heavy tackles and physical collisions, while 

the faster, more lean players will generally be attracted to a backs position where they 

are able to fully utilise their speed on the fringes. 

Height 

Individual studies investigating the stature of rugby league players in the various 

positional groups do not show consistent differences between the numerous playing 

positions [7, 11-13, 20, 23]. However, the pooled data from all studies reviewed 

demonstrate a trend for increased height in forwards compared to backs and an 

increase in height for the forwards at higher playing levels (Figure 1 ). This is 

supported by Lundy and colleagues [12] who found across three first- and 

reserve- grade teams competing in the National Rugby League (NRL) competition 

44 forwards (182.7 ± 6.5 em) to be moderately taller than 30 backs (177.9 ± 5.6 em). 

In contrast, other research that has been conducted on individual clubs has shown no 

significant differences in stature between forwards and backs at the same playing 

level [7, 11]. These later studies may be limited by a smaller sample size or 

influenced by the selection policy of the club being examined. 

Props have been shown to be the playing position with the tallest players at various 

levels of competition [19-21]. The benefit of the increased height may be that it 

allows for greater body mass which is thought to be advantageous for forwards at 

higher playing levels [14, 16]. In addition, increased height may be associated with 

longer arm length, which could be beneficial in fending off opponents or during 

offloads in attack. Conversely, hookers and halves were shown to be consistently 

shorter than any other position at most playing levels [19-21]. The necessity for taller 

players in these positions may be explained by their role within the team. Typically 
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hookers and half-backs play a distribution role at the ruck, and usually have a reduced 

involvement in hit-ups, impact collisions or tackles [3]. Therefore, the necessity for 

the hookers or halves to be tall or have a high body mass is lower. 
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Figure 1: Height (em) of rugby league players [5 , 7-13, 15, 19-52]. The solid line 

represents the between-level trend for forwards and the dashed line 

represents the between-level trend for backs. 

Body mass 

The body mass of senior rugby league players have been reported to be in the range 

of 73.5-107.4 kg [42, 44] depending on playing position [5, 12, 13, 17, 20, 21, 24] 

and level of competition [7, 37, 49, 52]. It is widely reported that forwards have a 

greater body mass than backs at all playing levels (Figure 2) [5, 11-13, 17, 18]. For 

example, within the NRL, forwards (98.4 ± 7.7 kg) playing in first and reserve grade 

combined were found to be significantly heavier than the backs of the same playing 

levels (85.5 ± 6.7 kg) [12]. Forwards spend more playing time involved in tackles [3] 

and physical collisions [53, 54] than backs do. Therefore, the larger body mass of the 

forwards probably aids in the development of the greater impact forces associated in 
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these events. The difference between the body masses of forwards and backs 

becomes less distinctive as playing level and age decreases [7, 14, 16]. A possible 

explanation for the greater differences in body mass at the elite level may be due to 

the specific training practices (e.g., focus on increased body mass for forwards) and 

increased player height. Indeed, it may be that talent scouts from top-level clubs tend 

to recruit taller and heavier players that may allow them to more effectively handle 

physical collisions and tackles [14]. For example, Gabbett [14] recently 

demonstrated that body mass was the only physical characteristic that differentiated 

players selected into a first-division semi-elite rugby league team from its 

second-division counterpart. However, at present it is not clear whether these 

differences exist at the elite level. 

There appear to be differences in the body mass of players between individual 

playing positions. At various levels of competition, props have been shown to be 

markedly heavier than any other playing position of the same level [17, 19, 20]. 

Hit-up forwards (i.e., props and second row) were also significantly heavier than any 

other position [17, 23, 24]. Conversely, the combination of the hooker and half-back 

were shown to be significantly lower in body mass than other discrete positional 

groups [17, 19]. These findings highlight the variation in the physical requirements 

of positional roles, emphasising the importance of the larger body size to help 

generate large force and momentum when running the ball up and tolerating the 

heavy tackles and collisions associated with the hit-up forwards' position. 

In contrast to previous research [14, 55], differences in body mass also occur across 

different levels of competition [7, 14, 16, 37, 49]. In general, there appear to be 

heavier players at higher levels of competition (Figure 2). For example, 

prevwus research has shown small but significant differences between 

23 professional rugby league players competing in the English national Super League 

(93.1 ± 11.1 kg) and 27 alliance players (87.0 ± 10.1 kg) competing in the reserve 

grade competition [37]. However, other researchers have found no differences 

among senior levels of competition [23, 36, 40, 46]. As expected, senior players are 
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considerably heavier than college-aged or junior rugby league players [7, 16, 49]. 

Professional players (97.6 ± 9.7 kg) competing in the NRL were significantly heavier 

than college-aged (88.9 ± 9.9 kg), senior high school (85.3 ± 9.6 kg), junior high 

school (83.2 ± 9.8 kg) and untrained junior high school (83.6 ± 7.4 kg) rugby league 

players [ 49]. Considering that body size is positively related to the increased strength 

of an athlete [36, 56], it is expected that body mass has been suggested to be 

associated with the differences in strength and power among these age groups [ 49]. 
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Figure 2: Body mass (kg) of rugby league players [5-8, 10-24, 26-52, 57-60]. The 

solid line represents the between-ievel trend for forwards and the dashed 

line represents the between-level trend for backs. 

Body composition 

The body composition of rugby league players has typically been monitored with the 

sum of skinfold thickness and body-mass measures. This approach has become 

increasingly popular in recent years, as it eliminates the measurement error inherent 

with prediction equations used to estimate the percentage of body fat [61]. However, 

within rugby league research, large variations exist in the number (i.e. , 4- 9 sites) and 
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location of skinfold sites measured, making comparison between studies difficult 

[12, 17, 24]. While less data is available on the percentage ofbody fat, it does allow 

for easier comparison, although imprecision, such as the use of different methods and 

prediction equations across studies, should be taken into account when interpreting 

data [62]. 

Table 1 summarises estimates of percentage of body fat in rugby league players and 

shows that there is little data available. However, in agreement with rugby union 

research [62], the reviewed data demonstrate that as the playing level increases, the 

percentage of body fat decreases. For example, when averaging elite data from 

Table 1 (forwards= ~13.2 %BM; backs= ~10.9 o/oBM), the percentage of body fat 

was 35% and 37% lower for forwards and backs respectively, when compared to 

averaged amateur data (forwards= ~20.4 %BM; backs= ~17.2 %BM). This may 

reflect the higher training loads [28, 42, 63, 64] and better dietary practices of elite 

rugby league players, compared to players at lower levels. Most investigators have 

also reported that backs have a lower percentage of body fat than forwards do at 

various playing levels [5, 8, 12, 13, 21]. It has been suggested that added fat mass 

may offer some protection for forwards during body collisions and tackles [55], 

however, this has not been empirically substantiated. Consequently, this added fat 

mass may have a counterproductive e±Iect by increasing the energy demand of the 

player throughout a game [65]. Therefore, it is suggested that players, particularly 

forwards, would profit from greater bulk due to an increase in muscle mass [ 18, 21]. 
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Table 1: Percentage of body fat (%BM) of rugby league players. 

Body Fat (%BM) 
Study Level 

Forwards Backs Non-specific 

Lundy et al. [12] Elite 13.5 ± 2.9 11 .1 ± 2.7 12.4 ± 2.9 

Crowe et al. [66] Elite 13.8±0.7 

O'Connor [21]# Elite -14.0 -11.4 -13.0 

Brewer et al. [5] Elite 15.2 ± 3.4 12.6 ± 3.2 

Abernethy et al. [8] Elite 10.1±3.9 8.4 ± 1.8 9.4±3.1 

Newman et al. [35] Semi-elite 12.8 ± 3.1 

Babic et al. [13] Amateur 20.8 ± 6.0 16.9 ± 5.2 18.9 ± 6.0 

Gabbett [11 ]* Amateur 19.9 (18.2-21.6) 17.5 (15.0-20 .0) 18. 8 ( 1 7. 3-2 0. 3) 

#Values estimated from reported data; *values reported as means (95% confidence intervals); all other values are reported as means (±SD). 
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Due to the relationship between muscle mass and muscular strength and power, a 

high muscle mass may improve the performance of rugby league players and help 

players withstand the physical contact of the game. Differences in fat-free mass or 

lean muscle mass have been shown amongst both playing position [5, 13] and level of 

competition [36, 37]. Recent studies have reported significant increases in muscle 

mass with playing level between 18 first-grade (elite = 61.1 ± 8.6 kg), 16 alliance 

(semi-elite = 58.1 ± 5.6 kg) and 20 academy (non-elite = 56.3 ± 10.5 kg) players 

recruited from a professional English rugby league franchise [37]. Additionally, 

earlier research showed fat-free mass to be significantly greater in 13 elite forwards 

(77.9 ± 8.3 kg) when compared to 12 backs (69.7 ± 6.6 kg) of the same playing ability 

[5]. However, the lower fat-free mass of the backs is probably due to their markedly 

lower body mass. When reporting fat free mass or muscle mass as a percentage of 

total body mass, both elite (87.6 %BM) and amateur (82.9 %BM) backs had a higher 

percentage than the forwards (elite= 84.6 %BM; amateur= 78.9 %BM), respectively 

[5, 13]. The higher muscle mass percentage along with lower body-fat percentage 

may reflect the higher speed requirements of the backs and give reason to the superior 

performance in physical tests that measure the capacity to move the body, such as 

tests of agility and sprinting [21, 24] . 

Seasonal changes in anthropometry 

Seasonal changes in body composition are common at all levels of rugby league 

[18, 28, 41, 42]. Players at most levels of competition show a marked reduction in 

body mass and fatness during pre-season [18], when training loads are highest 

[28, 41, 42]. Within the competition season both body mass and fatness tend to 

steadily increase at lower levels of competition, with the greatest measurements 

reported at the end of a competitive season during the off-season [28 , 42]. While no 

recent research has examined seasonal changes in body composition at the elite level, 

early research showed body mass and fatness to decrease in forwards and remain 

unchanged in backs during the first half of in-season competition (i .e., March to May) 

[18]. These differences from recent research may reflect the higher standard of 
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competition and in-season training regimes. Further research 1s required on the 

current game at the elite level. 

Summary 

There are clear differences in the anthropometric characteristics of forwards and 

backs in rugby league. Forwards tend to be taller and heavier, demonstrating their 

physically larger size, than the backs. This increased size may assist the forwards' 

ability to generate large forces and momentum during hit-ups early in the tackle count 

and to tolerate heavy tackles and collisions. Forwards exhibit higher absolute muscle 

mass, however, when expressed relative to body mass, lean muscle mass is greater in 

backs. Backs also tend to carry less body fat, possibly as a result of their higher 

speed requirements and reflecting a greater capacity to move the body. While body 

fatness decreases as playing level improves, both body mass, and muscle mass 

(absolute and relative) increases with playing level, although forwards only tend to be 

taller as playing level increases. This is most likely due to the specific training 

practices and higher training loads of the elite players. Recruitment polices from 

talent scouts at the elite level may also provide some explanation. 

PHYSICAL CAPACITIES OF RUGBY LEAGUE PLAYERS 

Rugby league is a collision sport that demands a combination of high muscular 

strength, power, speed and flexibility, as well as high aerobic and anaerobic 

capacities. These physical capabilities of rugby league players are normally 

measured using many different and non-specific tests. Field tests such as the 

multi-stage fitness test (MSFT) and yo-yo shuttle run tests, sprint tests, agility and 

anaerobic capacity tests, as well as tests of muscular strength and power are most 

commonly used [2, 6, 7, 21, 22, 32, 37, 50, 54, 67]. Laboratory tests such as tests of 

maximal oxygen uptake (V02max) are less common. The implementation of regular 

physical testing allows for the examination of adaptations to training, prescription and 

effectiveness of training programs, talent identification and prediction of physical 

performance and player capacities. Such tests ideally should be based on information 
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gathered from match analysis that is specific to both the playing level and positional 

requirements. 

Reliability of physical performance testing 

For a measurement system or testing procedure to be useful in assessing athletic 

performance, it firstly needs to be able to reproduce consistent and reliable data [68]. 

There are numerous statistical procedures used to determine the reliability of a system 

or test [69, 70]. Ideally, a combination of statistical procedures including the 

technical error of measurement (TEM) and correlation analysis, each with 

corresponding confidence intervals, should be used [70]. The information obtained 

from these reliability measures will allow sports scientists to interpret the smallest 

worthwhile change, or changes independent of 'technological, biological and 

systematic' error [70]. The ability to identify a 'real' change in these measures will 

enable sports scientists to more accurately assess performance, evaluate player 

qualities and the effects of intervention and prescribe training. This type of analysis 

is especially important for elite level athletes when small, meaningful changes may be 

lost with traditional approaches to statistical analyses [69]. 

Maximal oxygen uptake 

Laboratory tests 

For rugby league players a high V02max is thought to be necessary to provide more 

ATP through oxidative pathways during a game. It has been suggested to be 

important to facilitate recovery between high-intensity efforts in field sports and 

shown to be related to performance during prolonged high-intensity running exercise 

[71]. However, unfortunately only a few studies have directly measured V02max in 

rugby league players, particularly at the elite level [8, 29, 31, 60, 72]. Early research 

using laboratory-derived V02max showed similar absolute measures between elite 

level backs ( 4.24 L·min) and forwards ( 4.28 L·min) [8]. However, when expressed 

relative to the player's body mass, the backs achieved higher measurements (52.8 vs. 

48.2 mL·kg-1·min-1
) [8]. It has been shown that expressing oxygen uptake in relative 

terms underestimates V02max in subjects who are heavier and that dimensional 
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scaling should be used when comparing subjects of different body mass, which is 

common in rugby league [73]. 

Recent studies have reported laboratory-measured V02max in semi-elite players to be 

between 51.6-53.8 mL·kg-1·min-1 [31, 60, 72], which is similar to early research on 

semi-elite rugby league players (55.8 mL·kg-1·min-1
) [29]. It appears that these values 

are lower when compared to other team sports of a similar playing level, such as 

soccer [74-76], rugby union [77, 78], and Australian Football League [79]. These 

findings suggest that either the development of aerobic fitness in rugby league players 

may not be prioritised in training or that the greater volume of strength training 

completed by rugby league players may compromise aerobic development in 

comparison to other team sports [21]. Nonetheless, it is well established that a higher 

V02max is important for improved running performance in other intermittent team 

sports such as soccer [80, 81]. It seems reasonable to suggest that since rugby league 

players have relatively low aerobic fitness levels for team-sport athletes, that a higher 

V02max may improve match-running performance in rugby league players. 

However, there is a need for future studies to investigate the relationship between 

aerobic fitness and match-running performance in rugby league players. 

Field-based tests 

Many studies of rugby league have estimated the V02max of players usmg 

performance scores derived from the MSFT. The pooled data from all studies 

reviewed demonstrate a trend for increased aerobic fitness at higher playing levels 

(Figure 3). Lower estimated V02max values have been recorded in state-level rugby 

league players, as compared to national and international-level players [22]. A 

possible explanation for the lower values recorded in these players compared to 

higher level players (i.e., national and international) may be due to the greater training 

volume and competition requirements [28, 42, 63, 64]. However, further research is 

required to support this suggestion. There is also a trend for backs to have a higher 

aerobic fitness than forwards; however, this becomes less distinct at higher levels of 

competition (Figure 3). 
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Figure 3: Estimated V02max (mL·kg-1·min-1
) of rugby league players from the 

NISFT [5, 11, 14, 16, 19-24, 30, 40-42, 59, 63, 82]. The solid line 

represents the between-level trend for forwards and the dashed line 

represents the between-level trend for backs. 

The MSFT has previously been documented to be valid and reliable in estimating 

V02max [83]. However, the reliability of estimating V02max from MSFT scores has 

been questioned, due to the large amount of random error incorporated with the 

various types of predictive equations [84]. It has been suggested that, due to this 

large amount of random error, the MSFT does not appear to have sufficient reliability 

to monitor changes in V02max [84]. In addition, recent research has also failed to 

show a strong relationship between laboratory-derived V02max and MSFT score 

(85], particularly at the elite level [86]. For example, Aziz and colleagues [85] found 

only a moderate relationship between V02max (absolute and relative) and aerobic 

endurance performance (MSFT score) (r = 0.43 and r = 0.54, respectively) in 37 male 

soccer players, suggesting that both of these tests were measuring different aspects of 

aerobic fitness . Therefore, it seems that these two tests of aerobic fitness may not be 

used interchangeably. 
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The yo-yo intermittent recovery tests may provide more appropriate field-based 

measures of aerobic endurance performance for rugby league, due to the tests' 

intermittent nature [37, 87]. Although not significant, recent research shows that at 

the commencement of pre-season training, 23 elite players (1 ,656 ± 403 m) 

competing in the English Super League covered a greater total distance during level 

one of the yo-yo intermittent recovery (Yo-Yo IR1) test than 27 semi-elite players 

(1,564 ± 415 m) from the same English rugby league franchise [37]. In contrast, 

unpublished data we have collected at the beginning of pre-season training show no 

difference in Yo-Yo IR1 performance between 18 elite players (1,129 ± 313 m) 

competing in the NRL, 17 semi-elite players (1,122 ± 278 m) participating in the 

NSW Premer League and 28 college-aged players (1 ,017 ± 320 m) competing in the 

NSW Jersey Flegg (Under 20s competition) within Australia. Furthermore, 

Yo-Yo IR1 performance amongst the elite players was found to markedly increase 

during the general preparation phase of pre-season training (1 ,664 ± 319 m; an 

improvement of 31.4 ± 11.6%), with performance plateauing following the specific 

preparation phase of the pre-season training (1 ,633 ± 293 m). The lower distance 

covered during the Yo-Yo IR1 test for elite and semi-elite players competing in 

Australia than English players may be due to the higher body mass of the Austral ian 

players when compared to the English players (~96 kg vs. ~90 kg). 

Both laboratory and field tests have advantages and disadvantages for application in 

rugby league. Laboratory-based tests measure oxygen uptake directly and the 

scientists can be quite certain that the athlete provides a maximal effort; however, the 

running patterns with this test are not specific to rugby league. In contrast, the MSFT 

and yo-yo intermittent recovery tests require accelerations and decelerations and are 

more rugby league specific. These field-tests also allow for a large number of people 

to be tested at once, such as an entire rugby league team. However, due to the 

limitations inherent in the current tests of aerobic fitness, there is a need for future 

research to develop more relevant tests that are able to directly measure oxygen 

uptake, while replicating game-specific movements. 
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Anaerobic performance 

A high anaerobic performance capacity IS important m rugby league players, 

especially during intense periods of the game, such as making a hit-up, or when 

required to make successive tackles in a short period of time. At present there is little 

information on the anaerobic performance capacity of rugby league players, with 

research restricted to elite and semi-elite level of competition [5, 8, 31 , 57, 59, 72, 

88]. Additionally, several different tests have been used to quantify the anaerobic 

performance of rugby league players, making comparisons between studies difficult. 

Overall, the data from the reviewed studies show no difference between forwards and 

backs in absolute power produced during anaerobic performance tests in elite rugby 

league players (Table 2) [5, 8]. However, when expressed relative to the player's 

body mass, the backs were shown to have a markedly higher peak power output than 

forwards [5, 8]. For example, Brewer and investigators [5] reported peak leg power 

to be 1111 ± 112 W and 1114 ± 7 6 W for forwards and backs during a 6-s maximal 

cycle test, respectively. Moreover, the backs (15.9 ± 1.4 W·kg-1) were reported to 

have significantly greater leg power relative to fat-free mass when compared to 

forwards (1 4.3 W·kg-1
) [5]. Table 2 also shows a trend for better anaerobic 

performance as playing level increases. This is probably the consequence of the 

greater muscle mass and body size of the elite athletes allowing them greater ability 

to generate power during the cycle test. However, due to the lack of specificity of 

maximal cycle tests to rugby league, it is suggested that future research investigate 

more precise tests of anaerobic performance related to the ergonomics of rugby 

league. 

37 



Table 2: Anaerobic performance measures of rugby league players. 

Study Level N Position Peak Power Output Total Work 

Absolute (W) Relative (W·kg-1
) Absolute (kJ) Relative (J·kg-1

) 

6-s Sprint Cycle Test 

Brewer et al. [5] Elite 13 forwards 1,111 ± 112 14.3 ± 1.4 

12 backs 1 '114 ± 176 15.9±1.4 

10-s Sprint Cycle Test 

Abernethy et al. [8] Elite 9 forwards 1,146 ± 200 12.7±1.9 

8 backs 1,082 ± 255 13.4±2.5 

17 combined 1 '115 ± 223 13.0 ± 2.2 

Coutts et al. [72] Semi-elite 22 non-specific 1,038 ± 71 9,629 ± 931 

Coutts et al. [31t Semi-elite 18 non-specific -1 ,038 

O'Connor & Crowe [57]# Elite 29 non-specific -14.1 -117.9 

30-s Sprint Cycle Test 

Doyle & Reilly [88] Elite non-specific 865 ± 71 

60-s Sprint Cycle Test 

O'Connor & Crowe [59]# Elite 27 non-specific -12.2 -456.4 

Values estimated from reported data; all other values reported as means(± SO); n = number. 
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Strength 

Strength is defined as the maximum force produced by a muscle or muscles at any 

given speed [89]. Rugby league players depend on high muscular strength, 

particularly in activities that require joint stability and contact resistance, such as the 

off-loading of a ball in a tackle situation [36]. Highest strength scores have been 

quantified in elite rugby league players [32, 34, 50, 90] , with strength declining as 

playing level and age decreases [48, 49, 52, 90] (Table 3). For example, 3RM bench 

press scores for 19 elite NRL players (125.3 ± 13.9 kg) were found to be considerably 

higher than 12 state league semi-elite players (112.1 ± 15.2 kg) and nine city league 

college-aged players (105.0 ± 10.6 kg) [52]. These results are to be expected, given 

the greater body mass and muscle mass at higher playing levels and may also reflect 

the neural and muscle tissue adaptations that occur in elite players following 

long-term periodised strength and power training [ 43 , 49]. 

Only a few studies have examined the positional differences in strength performance 

of players within a rugby league team [6, 17, 21], with little data on elite rugby league 

players . At the elite level, forwards generally exhibit both greater upper and lower 

body strength when compared to their back counterparts (Table 3) [6, 17, 21]. For 

example, elite NRL forwards have been shown to press 123 .0 ± 11.8 kg compared to 

114.0 ± 17.0 kg for elite NRL backs during a 1RM maximal bench press [17]. Props 

generally exhibit greater upper-body and lower-body absolute strength, with the back 

row (i.e., second row and lock) showing the next greatest measures in strength [21]. 

However, when expressed relative to body mass, no differences between playing 

positions have been observed [21]. Nevertheless, these results show the high level of 

muscular strength needed by the forwards to overcome large external resistances 

common to their playing position, such as breaking through a tackle or restricting an 

opponent's movement when tackling. 
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Muscular strength in professional rugby league players has been reported to be 

greater than in professional rugby union, soccer and Australian Football League [79], 

but less than that reported in American football [91]. More recent studies [32, 50] 

have reported increases (-13%) in both upper- and lower-body strength for elite 

rugby league players when compared to earlier research [21]. This may be due to the 

increased professionalism of rugby league, possibly resulting in greater training hours 

and improved specificity of training, such as specialised muscular strength programs. 

This increase in strength is considered important, given that muscular strength is the 

primary factor influencing maximal power output in highly trained rugby league 

players [32]. Therefore, development of maximal strength is essential for rugby 

league players to increase power during key sport-specific movements, such as 

tackling, sprinting and avoiding being tackled. 
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Table 3: Absolute strength of rugby league players. 

Study Level N Position Lower Body Strength 

1 RM Squat (kg) 3RM Squat (kg) 
O'Connor [21] # Elite 119 Forwards -140.9 

141 Backs -133.3 
Baker & Nance [32, 50] Elite 20 non-specific 157.9±18.8 
Cronin & Hansen [34]# Elite 26 non-specific -179.5 
Coutts et al. [60] Semi-elite 22 non-specific 
Coutts et al. [39]# Youth 42 non-specific -83.5 
Baker [52] El ite 19 & 15 

Semi-el ite 23 & 12 
College-aged 17 & 9 

Meir [17] Elite 63 Forwards 

55 Backs 
Meir [6] Elite 22 & 24 Forwards 188.2 ± 18.0 

24 & 27 Backs 167.6±14.7 
Baker et al. [90] Elite 20 non-specific 175.0 ± 27.3 

Semi-elite 20 149.6 ± 14.3 
Baker et al. [48] Elite 17 non-specific 161 .2 ± 16.9 

College-aged 24 147.6 ± 25.2 
Baker [51) Elite 14 non-specific 

College-aged 15 
Baker [26) Elite 22 non-specific 

College-aged 27 
Baker & Newton [47]# College-aged 24 non-specific 
Baker [49] El ite 20 

College-aged 36 
Senior high school 15 
Junior high school 13 

Baker & Newton [46] Elite 21 non-specific 
Semi-elite 21 

#Values estimated from reported data; all values reported as means (± SD); n = number. 

Upper Body Strength 

1 RM Bench Press (kg) 3RM Bench Press (kg) 

140.1 ± 13.8 

121.1 ± 13.2 

108.7±16.0 

123.0±11 .8 

114.0 ± 17.0 
119.0±12.6 

113.1 ± 14.5 

137.9 ± 13.3 

11 0.3 ± 17.0 

134.8±15.2 

111 .0±15.3 
-113.5 

144.5 ± 15.1 
110.5 ± 20.1 

98.2 ± 13.5 
85.0 ± 10.4 

142.7± 15.2 
117.4 ± 16.3 

-111.8 
-103.1 

124.0 ± 13.0 

109.7±13.6 
-69.4 

125.3±13.9 

112.1 ± 15.2 
105.0±10.6 
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Power 

Lower body 

Power is defined as the product of force (i.e., strength) and velocity (i.e., rate at which 

strength is generated) [89]. Power is an important fitness component for rugby league 

players, particularly when related to fast play-the-ball speed, making a line break in 

attack and for leg drive during tackles and hit-ups [55]. Most studies of rugby league 

have assessed leg power from vertical jump performance [14, 16, 19-21, 23, 24, 28, 

30, 31, 39-42, 60, 63, 82]. These studies show that backs generally produce a 

superior vertical jump performance than forwards, while vertical jump performance 

increases with playing level (Figure 4). For example, studies of amateur (third grade) 

[11] and semi-elite [24] rugby league reported vertical jump performance of 44.3 em 

and 46.2 em respectively, values 18% and 17% lower than those of elite rugby league 

players (~54.2 em) [21]. The inferior muscular power of lower-level rugby league 

players is most probably related to the high percentage of body fat, thereby reducing 

the power-to-body mass ratio for these athletes [92]. However, caution must be taken 

in making comparisons between these studies, given the different methods or sample 

categories used to assess vertical jump performance. 
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Figure 4: Vertical jump height (em) of rugby league players [11, 14, 16, 19-21, 23, 

24, 28, 30, 31, 39-42, 60, 63, 82]. Data included were from a vertical jump 

test using either a Yardstick or Vertec jumping device. The solid line 

represents the between-level trend for forwards and the dashed line 

represents the between-level trend for backs. 

Other methods, such as resisted jump squats, have been used to assess leg power in 

rugby league players [32, 48, 49, 52, 90]. Research from an Australian professional 

rugby league club has reported maximum leg power recorded during a maximal 

resisted (i.e., > 100 kg) jump squat to be 1,897 ± 306 W for 20 elite rugby league 

players competing in the NRL and 1,701 ± 187 W for 20 semi-elite players competing 

in the Queensland Cup [90]. These results indicate that the players in this club have 

achieved similar power development to athletes trained with heavy and explosive 

training methods [93 , 94]. However, there is only a small amount of published 

information [32, 48, 52, 90] on this method and more data are required before 

meaningful comparisons between playing positions and level of competition can be 

made. 
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There are a variety of tests implemented to monitor lower body power. Although 

these tests can be performed efficiently and affordably for a large group of players 

and instant analysis is available, their validity and/or specificity to rugby league is 

questionable. Tests that involve the specific movements of rugby league 

(i.e., sprinting) might be of greater benefit in the assessment of a rugby league 

player's functional power. Such tests may involve the use of a non-motorised 

treadmill (NMT) [95] and rugby-league-specific game simulation whereby maximal 

power output and any decline in leg power may be detected. This might provide a 

more relevant test of lower-body power using ergonomics (i.e., sprinting) specific to 

n1gby league match play. 

Upper body 

Due to the combat nature and number of body collisions in rugby league, the ability 

to generate maximal upper-body power, particularly power against a resistance 

(i.e. , an opposing player during tackling), is an important physical characteristic for 

success [52]. Indeed, upper-body power in rugby league may be important for both 

completing tackles and avoiding tackles. Figure 5 summarises the four studies that 

have reported on the upper body power of n1gby league players. These results 

indicate that upper body power is increased with higher playing levels in rugby 

league players (Figure 5). For example, 19 elite NRL players (635 ± 87 W) were 

found to produce significantly higher power outputs during a maximal resistance 

bench press throw than 23 state league players (561 ± 57 W) and 17 city league 

players (499 ± 81 W) [52]. This may be due to better training methods, improved 

coaching and gym supervision or increased training age amongst athletes of higher 

playing levels. Indeed, elite players are often the focus of long-term periodised 

strength and training programs, possibly giving reason for the achievement of similar 

upper-body power development to trained strength athletes [96]. 
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Given the limited data available on upper-body power in rugby league players, it is 

difficult to make conclusions about its importance in game play. However, it does 

seem reasonable to suggest that greater upper-body power should assist players 

during games. In particular, since the forwards are usually involved in the greatest 

number of tackles during a game, they would appear to benefit from increased 

upper-body maximal power and the ability to generate power against large external 

resistances [3]. 
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Figure 5: Maximal bench press throw power output (W) of rugby league players 

[26, 32, 43-45, 4 7, 51, 52]. The solid line represents the between-level 

trend for rugby league players independent of playing position. 

Running speed 

Running speed has been defined as the ability to run fast in a straight line and 

represents the maximum capacity of an athlete [97]. Running speed over short 

distances would appear fundamental to success in rugby league, especially for 

generating momentum during hit-ups and creating I ine breaks in attack, or for chasing 

breakaway players in defence. Figure 6 provides a summary of the sprint-running 
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performance of rugby league players, demonstrating that as the level of play 

increases, the sprint time over various distances decreases. For example, 28 junior 

elite rugby league players demonstrated markedly faster sprint times over distances of 

10m (1.81 ± 0.08 vs. 1.94 ± 0.11 s), 20m (3.11 ± 0.12 vs. 3.28 ± 0.18 s), and 40 m 

(5.56 ± 0.22 vs. 5.83 ± 0.35 s) than 36 junior semi-elite players, respectively [23]. 

These findings may reflect the specificity of training, maturation or better genetic 

potential for physical development for the players at higher levels of competition. 

Positional analysis has revealed that backs tend to be faster over distances of 10 to 

40 m than forwards [ 5, 6, 21 , 22]. The difference in sprint performance between 

backs and forwards also appears to widen as sprint test distance (i.e., 10-m to 40-m) 

increases at all playing levels (Figure 6) [21, 22]. This may be related to the strategic 

recruitment of faster players in the backs, as well as the specificity of training such as 

a focus on achieving higher velocities and longer sprint distances. Another possible 

explanation for these differences may be the greater relative muscle mass of backs 

compared to forwards [5, 12], which is thought to be beneficial for improved sprint 

performance. In contrast, the smaller difference in 10-m sprint performance between 

forwards and backs, especially at the elite level, may reflect the positional role of the 

forwards during match play, often sprinting over relatively short distances 

(i.e., less than 10 m) during events such as hit-ups or sprinting to tackle an opponent 

[3]. Hence, forwards tend to train for acceleration and high muscular power to 

generate maximal momentum during these short distances [3]. Combined, these 

results indicate that speed is a distinguishing factor between forwards and backs, 

highlighting the need for specific sprint-training programs and testing procedures. 
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Figure 6: Straight-line sprint times (s) of rugby league players during a (A) 40-m 

sprint (B) 20-m sprint and (C) 10-m sprint [5, 6, 8, 11, 14, 16, 17, 19-24, 

30, 40-42, 60, 63, 82, 90, 98]. Data included were from an upright or 

half-crouch stationary starting position on the start line (i.e. , 0 m). The 

solid line represents the between-level trend for forwards and the dashed 

line represents the between-level trend for backs . 
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Agility and quickness 

Time-motion analysis studies suggest that the ability to change position and direction, 

rapidly and accurately, are important qualities in rugby league [3, 99]. At present it is 

difficult to make comparisons between studies because many different tests of agility 

and quickness have been used. Table 4 shows that backs tend to exhibit greater agility 

performance than forwards at most playing levels. For example, O'Connor [67] 

reported that elite backs were better performers than their forward counterparts in an 

anaerobic glycolytic agility test specific to the movement patterns of rugby league. 

However, other studies using the Illinois agility test have shown no difference 

between forwards and backs in agility performance in semi-elite or junior players 

[14, 16]. Nonetheless, the poorer agility performance of forwards may be due to their 

increased body mass possibly making it more difficult to overcome momentum when 

attempting to make fast changes in direction. 

Most [7, 16, 23, 67] but not all [40, 90, 98] studies have shown differences in agility 

between playing level. For example, Gabbett and colleagues [98] found that while 

12 first-grade semi-elite players (2.48 ± 0.17 s) completed quicker times than 

30 second-grade players (2.60 ± 0.16 s) during a reactive agility test, there was no 

difference in decision time (55.3 ± 43.6 vs. 78.2 ± 40.4 ms, respectively) or response 

accuracy (89.3 ± 13.9 vs. 84.0 ± 17.3o/o, respectively) between these playing levels. In 

comparison, Baker [7] tested speed using standard 10-m and 40-m sprint tests and 

quickness using position-specific football tests, which included three or more 

directional changes over a distance of 25-30 m. Results from this investigation 

showed that although the straight-line speed was not different between elite and 

semi-elite players, there were significant differences in the tests of quickness between 

the two groups of players. These studies suggest that elite rugby league players have 

superior ability to transfer speed into sport-specific quickness. 
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Table 4: Agility (s) of Rugby league players. 
Study 

L-Run Agility Test (s) 
rl1eir [6] 
Gabbett et al. [24]* 
Gabbett [20] 
Gabbett [30]* 

Gabbett [19]* 
Gabbett et al. [98] 

Gabbett et al. [40] 

Gabbett [41 ]* 
Gabbett [42]* 
505 Agility Test (s) 
Gabbett et al. [98] 

Gabbett [23] 

Illinois Agility Test (s) 
Gabbett [16]* 

Gabbett [14] 

Glycolitic Agility Test (s) 

N 

24 
98 

415 
41 
36 

240 
12 
30 
26 
40 
20 
36 
52 

12 
30 
28 
36 

20 
29 
22 
31 
35 

Level 

Senior elite 
Senior semi-elite 
Senior semi-elite 
Senior semi-elite 
Junior semi-elite 
Junior semi-elite 
Senior semi-elite 
Senior amateur 

Senior semi-elite 
Senior amateur 
Junior amateur 
Junior amateur 
Senior amateur 

Senior semi-elite 
Senior amateur 

Junior elite 
Junior semi-elite 

Senior semi-elite 
Senior amateur 
Junior under 19 
Senior semi-elite 
Senior amateur 

Props 

5.46 ± 0.21c 
6.45 (6.28-6.63)a 

6.36 ± 0.48 

6.37 (6.21-6.52) 

2.34 ± 0.15a 
2.57 ± 0.08a 

17.2 (16.6-17.8)c 
18.1 (17.6-18.6)c 
18.3 (17.5-19.1)c 

17.2 ± 1.0c 
17.2 ± 1.2c 

Back Row 

6.02 ± 0.58 

6.02 (5.84-6 .19) 

Position 13 

Halves & Hookers 

6.06 (5.94-6.17)b 
5.90 ± 0.59 

5.88 (5.72-6.04) 

2.30 ± 0.12b 
2.27 ± 0.08b 

Outside Backs 

5.37 ± 0.22d 
6.03 (5.87-6.19) 

5.94 ± 0.49 

5.93 (5 .83-6.03) 

2.27 ± 0.12d 
2.33 ± 0.12d 

17.4 (16.7-18.1)d 
17.7 (17.3-18.1 )d 
17.9 (17.2-18.6)d 

16.6 ± 0.7d 
17.5 ± 1.4d 

O'Connor [21] Senior elite 47.61 ± 2.89 46.55 ± 2.73 -46.05# 45.30 ± 3.33 
O'Connor [67]§ Senior elite 44.9 (40.2-51.9t 46.7 (41.8-52.3)d 

Non-specific 

4.99 (4.90-5.08) 
4.78 (4.72-4.83) 

6.36 ± 0.53 
6.49 ± 0.40 
5.90 ± 0.19 
6.25 ± 0.52 
6.25 ± 0.48 

5.84 (5. 76-5.92) 
5.92 (5.82-6.02) 

2.34 ± 0.20 
2.39 ± 0.15 
2.30 ± 0.13 
2.38 ± 0.16 

16.9 ± 0.9 
17.4±1 .3 

#Values estimated from reported data; * values reported as means (95% confidence intervals); §values reported as means (range); all other values are reported as 
means(± SO); 13 Back row: second row and lock, halves and hookers: half-back, five-eighth and hooker, and outside backs: centre, wing and full-back; a refers to hit-up 
forwards: props and second row; b refers to adjustables: hooker, lock, half-back and five-eighth; c refers to forwards; d refers to backs; n =number. 
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Repeated-sprint ability 

Relatively little research has examined repeated-sprint ability qualities of rugby 

league players [21, 35, 1 00]. This is surprising, considering its perceived importance 

in rugby league [55]. Early research has revealed a lower speed decrement in elite 

(3.0%) than non-elite (6.8o/o) rugby league players when performing six 40-m sprints 

with 30-s recovery [100]. Specifically, hookers and halves exhibited the lowest speed 

decrement (5.1 %), followed by back-rowers and outside backs (6.2%), while props 

showed the greatest decrease in speed (7.1 %) [100]. However, other research has 

failed to show differences in repeated-sprint ability between playing positions of 

260 professional rugby league players [21]. Differences may be due to the type of 

repeated-sprint test used or methods associated with calculation of performance 

decrements. For example, O'Connor [21] calculated speed maintained [101], while 

Clark [1 00] determined speed decrement. Irrespective of the method, the reliability 

of fatigue index during repeated-sprint tests has been shown to be poor [101, 102]. 

At present, the occurrence of repeated-sprint efforts has not been quantified during 

rugby league match play. It may be that repeated efforts incorporating static 

high-intensity activities such as tackling or being tackled may be more relevant than 

the ability to repeat sprints. However, further research is required to provide 

information on the repeated-sprint ability of rugby league players. Additionally, 

further research is also required in developing more valid tests of repeated -effort 

performance for rugby league. A test that assesses repeated-sprint performance that 

employs distances and intensities specific to rugby league, while also simulating 

work-to-rest ratios similar to competition, is warranted. 
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Seasonal changes in physical fitness of rugby league players 

Only a few studies have investigated the changes in physical fitness of rugby league 

players over an entire competitive season and these studies have been limited to 

non-elite playing levels [ 41, 42, 60, 1 03]. The physical fitness of semi-elite [60], 

amateur [42] and junior [41, 103] rugby league players has been shown to markedly 

change over the course of a rugby league season. The greatest improvements in 

physical fitness typically occur in the early stages of the season, notably during the 

general and specific preparation phases of the pre-season [60]. The significant 

improvements in physical fitness during the pre-season have been associated with the 

high training loads experienced during this period [42, 60, 64]. For example, Coutts 

and colleagues [60] reported significant increases in V02max (4.1 and 4.5%) and 

measures of upper- (7.9 and 2.4%) and lower-body (18.3 and 4.2%) muscular strength 

in a group of semi-elite rugby league players during the general and specific 

preparation phases of pre-season respectively, when training loads were greatest. 

During the 'in-season', physical fitness typically plateaus [60] and may even decline 

at lower playing levels [ 42] as the competitive season progresses. This plateau in 

physical fitness is most likely due to the weekly playing commitments of players, 

leaving little time to focus on improving physical fitness between matches. 

Furthermore, the decline in physical fitness at lower levels of competition may be due 

to the lower training loads experienced during the pre-season period for amateur [ 42] 

when compared to semi-elite players [60]. These findings highlight the importance of 

the pre-season period in improving the physical fitness of rugby league players at 

most levels of competition. However, at present the few studies that have examined 

the physical fitness of rugby league players over a competitive season have reported 

on non-elite players. Future research should investigate the changes in physical 

fitness over a competitive season at the elite level, especially during the pre-season 

period where most physical fitness improvements seem to occur. 
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Summary 

These data suggest that professional rugby league players are highly trained, although 

they do not seem to exhibit the physiological characteristics of elite endurance or 

strength athletes. In particular, they exhibit high muscular strength and power, 

well-developed anaerobic capacity and above normal speed and agility. However, 

their aerobic fitness appears to be lower than that of other team-sport athletes of the 

same playing ability. Nevertheless the positive changes in player fitness over the past 

20 years may be due to improved training techniques, but are more likely due to 

increased training loads associated with increased professionalism of rugby league. 

Furthermore, rule changes, increased training time and/or the development and 

application of sport science in athlete preparation may contribute to these changes in 

physical capacity. Additionally, there is still little standardisation in testing protocols 

between different research studies and at present, there are no rugby-league-specific 

testing protocols. Specific tests need to be developed and these should be based on 

time-motion studies relative to the level of play. 

TIME-MOTION ANALYSIS OF RUGBY LEAGUE MATCH PLAY 

Time--motion analysis is frequently used to quantify the movement patterns of an 

athlete during match play, providing a valuable insight into the physical work 

demands of a chosen sport [68]. Such information has been used for, and is 

considered a fundamental requirement for the development of physical training 

programs [104]. However, the validity of this approach for quantifying match 

demands has been questioned because of its simplification of dynamic events 

involving complex skills and tactics into preset movement categories [62]. 

Nonetheless, time-motion analysis is able to provide meaningful information 

regarding the physical demands of a chosen sport and is a well-established method for 

quantifying player movements amongst various team sports [3, 99, 104-109]. Given 

the importance of skills and tactics in team sports, time-motion data should be 

combined with notational analysis to better describe the demands of a chosen sport. 
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Time-motion analysis from video footage has been used to quantify the physical 

movement demands of Australian professional rugby league (i.e., Winfield Cup/NRL) 

[3, 99]. These few studies show that the physical work demands of professional 

rugby league require brief, high-intensity efforts followed by periods of relative low 

intensity [3, 99]. These studies have established the physical demands by calculating 

the distance travelled, work-to-rest ratios and time spent in different match play 

activities for forwards and backs via video analysis and estimation based on cadence 

values [3, 99]. However, these previous results may not reflect the demands of the 

current game, as the data were collected prior to several rule modifications such as 

the introduction of the 10-m defensive rule in 1992 [99] and the return to the limited 

interchange rule in 2001 [110]. Methodological issues such as low sample size 

(i.e., four matches) [3, 99] and the investigation of the requirements of multiple 

players (i.e., up to two to three) [3, 99] rather than an individual player as a 

representation of one position during a sample match may also limit these studies. 

While the demands of professional rugby league have been described, the match 

demands of lower levels of competition have not been determined. Additionally, 

research is yet to compare time- motion analysis between different levels of 

competition or positional sub-groups (i.e., props, hookers and halves, back-rowers, 

outside backs). It is possible that due to the differences in physical fitness and skill 

between playing abilities [40] or positional sub-groups [24], the physical and 

game-specific skill match requirements may vary accordingly. Therefore, there is a 

need for greater data collection of various playing positions at all playing levels to 

assist in accurately establishing the demands of n1gby league competition. 
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Reliability of time-motion analysis 

While the reliability of notational analysis in rugby league has been determined [111 , 

112], no time-motion studies of rugby league have reported on the reliability of their 

methods. However, the reliability of several different time-motion analysis methods 

has been determined for many other team sports [68 , 105, 106, 109, 113-122]. These 

studies show that wide variations exist in the level of test retest reliability between 

both the time-motion analysis method used and the type of statistical methods 

employed (Tables 5 and 6). These variations may be related to the low sample size, 

difference in durations of matches analysed, and the inconsistency in time elapsed 

between testing and re-testing. Additionally, time-motion studies may be influenced 

by an observer's knowledge of the game, focus of attention, level of arousal and 

anticipation of game-specific events during each analysis occasion, indicating that the 

intra-reliability and inter-reliability (if more than one person is required to analyse) 

need to be determined [62]. Collectively, these results indicate that a consensus is 

required on which time-motion analysis method and reliability calculations to adopt. 

Until a consensus is reached, future time- motion studies need to report on the 

reliability of their methods. This reliability analysis should involve the determination 

of both the TEM and Intraclass correlation coefficient, indicating the confidence 

intervals of each calculation [70]. 
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Table 5: Description of several research studies methodology of intra-reliability of different time-motion analysis methods. 

Sample Method 
Study Sport Trials Analysed Duration Analysed Time between Trials 

Analysed 

Krustrup and Bangsbo [113] Soccer* 5 2 entire match 6 months video 

Bangsbo et al. [114] Soccer 2 2 entire match 1 week video 

Keane et al. [1 05] Gaelic football not reported 2 entire playing time 1 week video 

Dawson et al. [1 06] AFL 1 ~2 entire match not reported video 

Coutts et al. [115] AFL* 10 2 5 min section not reported video 

Spencer et al. [1 09] Hockey 5 2 one half (i.e., 35 min) random analysis# video 

Martin et al. [116] Rugby union* 6 2 5 min section not reported video 

Cochrane et al. [117] Rugby union* 3 2 10 min section not reported video 

Deutsch et al. [118] Rugby union 3 2 40 min not reported video 

Docherty et al. [119] Rugby union Several 2 5 min section not reported video 

Duthie et al. [68] Rugby union 10 2 entire match 1 month video 

Kay and Gill [120] Rugby league* 8 3 5 min section not reported video 

Edgecomb and Norton [121] AFL 1 3 range of courses not reported GPS 

2 2 entire match not reported computer 

Burgess et al. [122] Soccer 5 2 one half (i.e., 45 min) not reported computer 

Veale et al. [123] AFL 3 2 entire match not reported manual 

Jaques et al. [124] AFL 4 2 not reported several weeks manual 

Video = video replay using keyboard coding and usually computer software; GPS = global positioning system; computer= computer-based, hand-held 
tracking system; manual = manual charting; AFL = Australian Football League; *refers to referees I officials; #random analysis was computer 
generated. 
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Table 6: Summary of research studies intra-reliability methodology and results of different time-motion analysis methods. 

Study Variables Method Result Criterion 

Krustrup and Bangsbo [113] total distance cv 1.0-5.0 good 

Bangsbo et al. [114] Total time intra-individual difference 1.5 good 

Keane et al. [1 05] not reported correlation coefficients > 0.91 reliable 

Dawson et al. [1 06] frequency and total time pearson correlation; TEM% ;?: 0.96; < 4-11 reliable; good- poor 

Coutts et al. [115] frequency and total time ICC 0.73-0.98 not reliable- reliable 

Spencer et al. [1 09] frequency and mean time TEM% 5.4-10.2 moderate - poor 

Martin et al. [116] duration and type of activity coefficient correlation 0.99 reliable 

Cochrane et al. [117] not reported ICC 0.92 reliable 

Deutsch et al . [118] frequency, total time, relative time, and mean time TEM% 1.6-4.8 good 

Docherty et al. [119] frequency, total time, relative time, and mean time correlation coefficients 0.98-0.99 reliable 

Duthie et al. [68] frequency, total time, and mean time§ TEM% 4.3-13.6 good- poor 

Kay and Gill [120] movement type, time and distance ICC > 0.7 (75% > 0.9) not reliable - reliable 

Edgecomb and Norton [121] total course distance (GPS) TEM%; correlation 5.5; 0.989 moderate; reliable 

match total distance (computer) TEM% 4.7 good 

Burgess et al. [122] not reported TEM% 4.6 good 

Veale et al. [123] all movement patterns correlation coefficients ;?: 0.98 good 

Jaques et al. [124] distance score mean error < 5.0 good 

Total time = total time in each movement category; relative time = percentage of time in each movement category; mean time = mean duration in each 
movement category; frequency = number of occurrences for each movement category; total distance = total distance in each movement category; 
CV = coefficient of variation (%); TEM% = technical error of measurement(%); ICC = lntraclass correlation coefficient; TEM% and CV criterion was based on 
previous recommendations [68]; correlation coefficient was deemed reliable if r;?: 0.8 [125]; §results include match total time, match total frequency and match 
mean time. 
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Distance travelled 

The distance covered during a rugby league match can provide insight into the 

physical demand placed on players [3, 99]. At present, however, only two studies 

have quantified the total distance covered during competition [3 , 99]. Both these 

previous studies used cadence values to estimate distances travelled from video 

replay and did not report on the reliability of this time-motion method [3 , 99]. This 

early research has shown that backs typically cover a greater distance (~7,336 m) 

during an entire match than the forwards (~6,647 m) [3]. However, with the 

introduction of the 10-m defensive rule, forwards were found to increase the total 

distance travelled during a match by over 3,000 m to covering more than 10,000 m 

during a game [99]. Similarly, the backs also increased the total distance covered to 

8,500 m under the 10-m defensive rule [99]. 

The greater distance travelled under the 10-m defensive rule may be related to the 

increased space between the offensive and defensive line. For example, the greater 

space would allow for longer hit-ups during attack, particularly from the forwards 

who are primarily responsible for carrying the ball forward early in the tackle count 

[21]. Alternatively, when defending, players, especially those in the middle of the 

field (i.e., forwards) would have to move up further in the defensive line to meet the 

attack and consequently retreat further once a tackle was made. The greater space 

may also allow for a more accurate and longer kick in attack, possibly causing the 

backs to retire further to regain possession. Ultimately, this rule change may have 

increased the work demands for both forwards and backs during a match. However, 

the interchange structure used during the matches analysed may account for some of 

the differences in the distance travelled as more than one player (i.e. , up to two or 

three) was analysed as a representative of one playing position during an 80-minute 

match. Therefore, time-motion studies investigating an individual player under the 

10-m defensive rule are needed to determine the current positional work demands of 

rugby league players at all levels. 
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Individual positional analysis has revealed that the half-back covers the greatest 

distance (7,921 ± 473 m) during a match, followed by the hooker (6,764 ± 449 m) and 

wingers (6,750 ± 156 m), while props cover the least amount of distance during a 

competitive match (6530 ± 690 m) (3]. However, this information reflects the 

positional requirements of rugby league players under the 5-m defensive rule [3]. At 

present, there is no information describing the individual positional demands of rugby 

league players under the 10-m defensive rule. Additionally, no information exists on 

the breakdown of distances travelled at different intensities (i.e., sprinting vs. 

high-intensity vs. low-intensity) during a match, providing limited information 

(i.e., total match distance) to assist in the development of specific training programs 

or testing protocols. 

The total distance covered during a match may misrepresent the work demands of a 

rugby league player. Indeed, several studies conducted on other team sports such as 

soccer suggest that total distance is a poor descriptor of a player's work-rate within a 

match [107, 126]. These studies suggest that other variables from time- motion 

analysis such as the distribution of work efforts, high-intensity activity, very 

high-intensity activity, sprint distance and number, repeat-sprint bouts and also 

game-specific skill involvements are more applicable for measuring a player's work 

rate during a match and provide more relevant information for the design of specific 

training programs [107, 126]. For more useful information to be obtained from 

time- motion analysis, we suggest that these variables should be described. 

Low-intensity activities 

Low-intensity activities (i.e., standing, walking, cruising and jogging) make up the 

majority of the work completed and distance covered in rugby league (3, 99]. 

Previous research has shown that professional Australian players spend between 

84-95o/o of time in low-intensity activities [3]. The majority of low-intensity work is 

spent either standing or walking forward, with approximately 50% of time spent in 

these two movement modalities [3]. However, with the introduction of the 10-m 

defensive rule, the percentage of time spent in low-intensity activities was found to 
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change with regard to playing positions [99]. Meir and associates [99] found that 

forwards spent more time jogging forward (7.5%), but less time walking (-2.5o/o) and 

cruising forward (-7.8°/o), while backs spent less time cruising forward (-6o/o) but 

more time walking (1 0.4%) and jogging forward (1%) under the 10-m defensive rule. 

Regardless of the changes to low-intensity activities as a result of rule modifications, 

the majority of a rugby league match is played at sub-maximal intensities [99]. This 

is supported by research showing that 17 semi-elite rugby league players spent 

approximately 55.6% of total match time at sub-maximal intensity and moderate 

intensity (below 85% maximal heart rate (HRmax)) [25]. These results suggest that 

tugby league players rely on aerobic energy production as the primary provider of 

ATP during a game [99]. However, there are at times periods of brief high-intensity 

activities, which require the utilisation of the anaerobic energy system. 

High-intensity activities 

Match analysis data shows that sprinting is an important activity for players closely 

involved in 'the play' [3]. Results show that dependent on position, players spend 

between 2.3-3.8% of a game sprinting, with many of the sprint occurrences 

coinciding with either the completion of a tackle or attacking skills (i.e., side-step 

and/or pass) [3, 99]. For example, Meir and colleagues [3] reported that props spent 

approximately 13 s sprinting without the ball during a game, compared to 89 s spent 

sprinting when involved in either tackling and being tackled, stepping, passing or a 

combination of these three movements. It was also found that props spend more time 

sprinting during a game than any other position [3]. From these results it is clear that 

most sprinting occurs when the players are directly involved in 'the play'. However, 

rule changes such as the modification of the interchange (i.e., limited interchange) 

and the 10-m defensive rule may have changed the position work requirements of 

sprinting during a competitive match. 
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A more recent study conducted by Meir and colleagues [99] examined the effect of 

the 10-m defensive rule on position work requirements during a match. Although no 

specific values were given for the percentage of time spent sprinting for individual 

positions, it was found that forwards spent slightly more time performing 

high-intensity activities such as jogging backwards (2%) and sprinting (0.5%) with 

the introduction of the 10-m defensive rule. In contrast, the backs actually spent less 

time completing high-intensity activities (jogging backwards -0.2% and sprinting 

-0.8%) while playing under the 10-m defensive rule. 

These findings are similar to those describing sprinting patterns of other field sports. 

For example, research on soccer has shown that the mean duration of sprinting for 

18 top-class and 24 moderate professionals was 2.0 s and 1.9 s, respectively [107]. 

When combined with high-speed running, top-class and moderate professional soccer 

players spent approximately 2.9o/o and 4.2% respectively of total match time 

performing high-intensity activities [107]. Earlier research on soccer has found that 

between 7.0 and 18.8% of total distance covered during a game was spent at high 

intensity [114, 127-129]. Similar to rugby league, research on rugby union [130] 

suggests that depending on position, the average sprint duration for elite junior rugby 

union players is between 2.3 to 3.3 s. However, the average time spent sprinting is 

between 0.3 and 1.3% [130] depending on playing position, which is less than that 

reported in rugby league [3]. 

Work-to-rest ratios 

The intermittent nature of the physical work demands of rugby league can be 

described by work-to-rest ratios calculated from time-motion studies. In professional 

rugby league players, work-to-rest ratios have been described to be between 1:6 for 

forwards and 1:8 for backs under the 5-m defensive rule [3]. In terms of the 10-m 

defensive rule, positional work-to-rest ratios have increased to 1:7 for props, 1:10 for 

the hooker, 1:12 for the half-back and 1:28 for wingers [99]. The difference in ratios 

between the two defensive rules may be due to the increased work performed when 

involved in rewarded activities (activities directly involved in ' the play' such as 
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attacking with the ball in hands or making a tackle in defence) during the 10-m 

defensive rule and therefore the need for greater recovery periods between such 

activities. These previous work-to-rest findings provide support for the strong 

development of the anaerobic energy systems (primarily alactic ). For example, Meir 

and investigators [99] found that on average, every 4 s of high-intensity activity were 

followed by 30 to 80 s of low-intensity activity for forwards and backs respectively 

(while playing under the 10-m defensive rule). This is similar to research on 

professional soccer which reported that on average, a sprint occurred every 90 s, 

while a high-intensity activity occurred once every 30 s during a competitive match 

[131, 132]. However, these increases in high-intensity activities during rugby league 

matches played under the 10-m defensive rule may be attributed to the 'unlimited 

interchange rule', whereby players could be given more frequent rest bouts, allowing 

increased recovery time and better physical performance when involved in the game. 

With the introduction of the limited interchange rule, work-to-rest ratios for positional 

groups may be altered at all playing levels, subsequently changing the energy and 

physical training requirements needed for rugby league players. Therefore, future 

time-motion studies investigating the work-to-rest ratios of different positional 

groups under the limited interchange rule (i.e. , 10 or 12 interchanges) are needed. 

Game-specific involvement 

In a game of rugby league the ball is 'in play' for approximately 50 minutes [2]; 

during this time a player may complete between two and 40 tackles [21] and be 

involved in approximately 19 scrummages [2], depending on the opposition and their 

position within a team. The ratio between time spent in high-intensity activity versus 

low-intensity activity shows that the majority of the work completed during a rugby 

league game is of sub-maximal intensity. However, the nature of the body impacts 

(i.e., tackles, collisions, scrummages etc.) during a game must also be taken into 

account. It is suggested that the large number of physical confrontations during a 

game significantly increases the work demands of rugby league players [54]. Clarke 

[133] has reported that more than 300 tackles are completed during a rugby league 

match, with the average physical confrontation during a tackle lasting approximately 
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3.4 s. Furthermore, players suggest that either making or receiVmg a tackle is 

considered the most strenuous aspect of the game [134]. This physical strain may be 

increased in the current game, particularly in Australia, with the introduction of the 

dominant tackle rule [112]. It is thought that the exploitation of the dominant tackle 

rule to drive the ball-carrier backwards in an attempt to slow the play the ball and 

limit the forward progression of the attacking team may have led to a more aggressive 

tackling style [112]. Taken together, these findings suggest that tackling significantly 

contributes to the work demands of rugby league. 

Other facets of rugby league that may affect the work demands of players include the 

play the ball. A play-the-ball situation occurs after most tackles and requires the 

tackled player to rise to his feet as soon as possible after being tackled and heel the 

ball directly backwards to a player from his own team. A quick play the ball is 

considered advantageous in not only gaining 'easy' metres, but in starting 'the roll' 

and forcing the defence to retreat [ 111]. To achieve a quick play the ball, a sizeable 

amount of physical effort is thought to be required to negate the effect of the 

dominant tackle, usually by generating force during leg drives in an attempt to stay on 

one's feet to allow a quick play the ball. Given that on average more than 300 play 

the ball situations were shown to occur during a match under the 5-m defensive rule 

[54], it is not surprising that the cumulative response to play-the-ball work has been 

suggested to significantly add to the physical work demands of rugby league. 

However, it has also been suggested that the number of play the balls per game has 

decreased with the introduction of the 10-m defensive rule [99]. This may be due to 

the greater emphasis from coaches on controlling the speed of the play the ball under 

the 10-m defensive rule, and may contribute to a more open style of play involving 

greater pass play in order to disfigure the defensive line [111]. A consequence of this 

style of play may be an increase in the running requirements of players from all 

positions during a match. 
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Possession of the ball is a very important aspect of rugby league. The amount of time 

in possession of the ball has also been altered with the introduction of the 10-m 

defensive rule [99]. For example, Meir and associates [99] found that rewarded 

activities decreased in both forwards and backs by 4% and 1%, respectively. 

Subsequently, the amount of time spent completing unrewarded activities (activities 

performed while not in contact with an opposing player or the ball) were increased by 

3% and 1 o/o in forwards and backs, respectively. It is interesting to note that forwards 

spent a greater proportion of time performing both rewarded and unrewarded 

high-intensity activities when compared to backs. Overall the time in possession of 

the ball was found to decrease from 6% to 3% for forwards , while it remained 

unchanged for backs. 

Indeed, the amount of time in possession of the ball or the 'flow of play' may be 

affected by many variables, including rule modifications, score line, team tactics, a 

team's physical and technical ability or differences in styles of play between 

competitive leagues [99, 112]. For example, a recent study by Eaves and Broad [112] 

found that professional teams competing in the Australian NRL spent markedly more 

time coming off their goal line than did their professional counterparts competing in 

the English Super League. This most likely ref1ects the specific tactics or greater 

focus of NRL teams in confining their opponent's progression of the ball, by reducing 

the time and space available to the opposing team in an attempt to create more 

attacking errors. Tea1ns in the NRL were also shown to adopt a more expansive game 

through the mid-section of the playing field (i.e., 30-m to 30-m line), spending little 

time in this zone, enabling more attacking plays at the opposition's goal line when 

compared to Super League teams. While this study highlights the differences in 'flow 

of play' between competitive leagues, the physical work demands as a result of the 

different playing styles have not yet been determined. Future studies detailing the 

physical movement requirements of match play between different levels of 

competition are warranted. 
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While in possession of the ball, passing and running are the two primary means of 

transporting the ball, with tactical kicking carried out on certain occasions at the 

discretion of a small number of players [21]. Early in the tackle count the physically 

larger players such as the props and second-rowers are usually responsible for 

carrying the ball forward during hit-ups, as they are able to generate greater 

momentum in order to gain as much ground as possible [21]. Alternatively, the backs 

are usually involved in more open passing play or work off the ball, providing 

support runners or 'decoy runners' during hit-ups or specific attacking plays [3, 99]. 

Both these roles are of great importance in attack, because when executed in the 

correct situation, they may increase the likelihood of creating 'holes' in the defensive 

line and an opportunity to score [111]. For example, recent research by Eaves and 

Evers [111] found that in English professional rugby league the greatest disturbances 

to the defensive line came from pass plays and hit-ups. Specifically, 32.7 ± 8.0% and 

14.5 ± 2.0% of all pass plays and hit-ups respectively resulted in second-phase play 

beyond the initial tackle [ 111]. Given the importance of these attacking skills in 

professional rugby league, it is surprising that no study has quantified the occurrence 

of hit-ups or support runs between positional groups or levels of competition in rugby 

league. Such infornmtion would be important for the design of position-specific 

training drills at all playing levels. 

Overall, few studies have described the game-specific skill involvement of rugby 

league [2, 3, 21, 54, 111, 112, 133]. Most of these studies [2, 3, 21, 54, 133] were 

conducted over a decade ago and may not reflect the current skill involvement of the 

modem game. Additionally, none of these studies have examined the effect of 

game-specific skill involvement on the physical demands of rugby league players. 

Future studies that combine physical movement demands and game-specific skill 

involvement are needed to gain a better understanding of the current game of rugby 

league at all levels. 
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Summary 

Time-motion analysis shows that the game of rugby league is intermittent in nature, 

requiring players to engage in both anaerobic and aerobic activities. During a match 

elite rugby league players cover a distance of between 6,500 to 10,000 m [3, 99], 

complete between two to 40 tackles [21], and are involved in approximately 

19 scrummages [2], depending on their playing position and rule modifications. 

While, the majority of a professional rugby league match is played at low intensity 

(84-95%), high-intensity activities such as sprinting are considered important, as 

these events are usually directly involved in 'the play' [99]. Work-to-rest ratios vary 

between playing positions, being lowest for props (1 :7) and highest for wingers (1 :28) 

[99]. Tackling is considered the most physically taxing aspect of the game and this 

may have increased with the introduction of the dominant tackle rule, particularly in 

Australian rugby league [112]. Overall the 'flow of play' during a rugby league 

match is affected by many variables primarily involving a team's physical, technical 

and tactical ability. 

These physical and game-specific skill requirements have changed with the 

introduction of the 10-m defensive rule and may continue to change as rule 

modifications are implemented. Considering both the dearth of information on the 

match demands of rugby league and the re-introduction of the limited interchange 

rule, there is a need for time-motion studies to be conducted at all levels of 

competition, particularly at the elite level. Preferably, time--motion studies should 

compare playing levels to identify weaknesses in physical and game-specific skill 

match play between each standard of competition in order to facilitate a successful 

transition between playing levels. Furthermore, a more detailed analysis of the 

positional physical work requirements of rugby league players is also required. To 

better describe the work demands of rugby league, time-motion analysis needs to 

provide information on the distance covered at different intensities (i.e., sprinting vs. 

high intensity vs. low intensity), the average length and duration of physical efforts, 

and the amount of activity changes performed during a match. Ideally, time-motion 

data should be combined with notational analysis so that the effect of game-specific 
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skill involvement on the physical demands of rugby league players may be 

determined. Such studies need to report on the reliability of their methods, including 

a combination of statistical analyses, which should include the TEM and Intraclass 

correlation coefficient, and corresponding confidence intervals. Overall, up-to-date 

and reliable time-motion analysis at various levels of rugby league competition is 

needed in order for the design of future training programs and testing procedures to 

specifically reflect the requirements of the modem rugby league game. 

PHYSIOLOGY OF RUGBY LEAGUE MATCH PLAY 

Time-motion data show that rugby league requires athletes to perform prolonged, 

high-intensity, intermittent exercise [3]. This form of exercise places large stresses 

on both the aerobic and anaerobic energy systems for ATP supply during exercise 

[135]. Unfortunately, the nature of rugby league makes it difficult to obtain accurate 

measures of physiologic responses during a game. Furthermore, little research has 

examined the physiologic requirements of a rugby league game [25, 136]. Therefore, 

at present, much of the description of the physiologic requirements of rugby league 

can only be inferred from research on other intermittent sports such as soccer, rugby 

union and Australian Football League. 

Estimated energy demands 

To date, no research has described the aerobic contribution to energy expenditure 

during rugby league by direct measurement of oxygen uptake during a game. 

However, Coutts and colleagues [25] previously estimated the aerobic energy 

expenditure during a competitive semi-elite rugby league match by measuring heart 

rate. These authors estimated energy expenditure from the HR-\102 relationship and 

reported that players consumed approximately 47.1 ± 3.4 mL·kg-1·min-1 of 

oxygen during a rugby league match, with no significant difference between the 

first and second half (first half = 47.2 ± 2.1 mL·kg-1·min-1 vs. second half = 

47.0 ± 4.4 mL·kg-1·min-1
). This estimated oxygen consumption equated to an average 

relative exercise intensity of 81.1 ± 5.8% of V02max during the entire match 

(first half= 81.4 ± 3.4%, second half= 80.8 ± 7.4%). These values are higher than 
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the suggested mean values of oxygen consumption (i.e., approximately 75o/o of 

V02max) during a professional soccer game, however, large variability does exist 

between players [137, 138]. These results show that the majority of a high-level 

rugby league match is played at a sub-maximal intensity that requires a large 

contribution from aerobic metabolism. This is further supported by the mean aerobic 

energy expenditure estimated to be 7.9 ± 0.4 MJ, which is approximately 25% higher 

when compared to the aerobic energy expenditure reported for elite soccer players 

[139]. These results suggest that the aerobic energy system is the dominant provider 

of ATP during a competitive rugby league match. However, the accuracy of 

estimating vo2 from heart rate may overestimate oxygen consumption by as much as 

17%, due to factors that cause the heart rate to rise independently of vo2 (i.e., heat 

and emotional stress) [140-142]. 

Heart-rate responses 

Measures of heart rate from rugby league players support the inference from 

time- motion studies that rugby league is primarily an endurance sport [25, 136]. 

Previously, subdivision of heart rate records (expressed as a percentage of maximal 

heart rate) has been used to determine time spent below, at or above anaerobic 

threshold during match play in many field-based sports [130, 136, 143]. For 

example, match heart rates have been recorded in 23 talent-identified 15-to 

17-year-old rugby league players over eight games [136]. On average, players spent 

30% of total game time above 85% of HRrnax and 55% of game time between 

70-85% HRrnax [136]. Heart rate data for moderate (70--8 5%) and low-intensity 

zones (< 70%) indicate that forwards (42.4 ± 14.2%) spend less time at lower 

intensity than backs (49.5 ± 14.3%) [136]. However, caution must be taken when 

generalising these results to elite-level rugby league, as the intensity of the game and 

work demands may be different in junior-age rugby league. High-intensity heart-rate 

zone data suggest that both forwards and backs spend approximately 30% of the 

game relying predominantly on anaerobic energy systems for ATP supply. 
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In contrast, Coutts and colleagues [25] found that 17 semi-elite rugby league players 

spent 44.4 ± 15.9% of total match time at high intensity (> 85% HRmax). The 

remaining match time was spent either at moderate (70-85% HRmax) (39.7 ± 12.6%) 

or low intensity(< 70% HRmax) (15.9 ± 19.5%) (25]. It is interesting to note that the 

time spent at low intensity was the same between the semi-elite and junior-elite rugby 

league players. However, the semi-elite rugby league players spent more time in the 

high-intensity zone and less time at moderate intensity than the junior-elite rugby 

league players. These results suggest that semi-elite to elite rugby league 

competitions are played at higher intensities than junior-elite rugby league and may 

require a larger contribution from the anaerobic energy systems for ATP supply. This 

is in agreement with Ekblom [137], who suggested that higher levels of competition 

elicits higher game blood lactate levels. Overall, these results demonstrate that the 

majority of the game is spent at moderate exercise intensity that significantly stresses 

the aerobic energy system. 

Blood lactate 

Intermittent exercise reqmres the recruitment of both the aerobic and anaerobic 

energy systems for energy production [135]. Glycolysis is activated and lactate 

appears in the blood almost immediately upon commencement of exercise (144]. 

Furthermore, lactate is produced at a greater rate during intense exercise [145]. In 

rugby league, high-intensity efforts such as sprinting and tackling require the 

recruitment of the anaerobic energy system. Therefore, the concentration of blood 

lactate is often used as an indicator of anaerobic lactacid energy production [146]. 

However, blood lactate may not be reflective of muscle lactate at the time of 

measurement although it may be representative of the balance between production 

and removal of lactate from the muscle [ 14 7]. Early research has shown game blood 

lactate levels of between 5-17 mmol-L-1 during professional rugby league games 

[148]. Unfortunately, this study provides little detail and therefore it is difficult to 

describe the anaerobic requirements of rugby league from this data. 
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Coutts and colleagues [25] reported that the mean blood lactate concentration for 

17 semi-elite rugby league players was 7.2 ± 2.5 mmol·L-1
• Mean blood lactate 

concentration was significantly higher in the first half (8.4 ± 1.8 mmol·L-1
) than the 

second half (5.9 ± 2.5 mmol·L-1
) [25]. This decrease in blood lactate concentration 

during the second half of the match is in agreement with ot4er findings from soccer 

that showed a reduction in high-intensity activities during the second half of a 

competitive game, with particular reference to the last 15 minutes of the match [ 1 07]. 

This decrease in blood lactate in the second half is further supported by research 

showing an increase in aerobic energy provision towards the end of team-sport 

running protocols [149-151] and a professional soccer match [138]. 

The blood lactate measures of semi-elite rugby league players are higher than values 

reported in semi-elite to elite touch football [152], basketball [108] and rugby union 

[130] players. For example, Deutsch and associates [130] have reported mean match 

blood lactate measures in elite under-19 rugby union players to be 6.6 and 

5.1 tnmol·L-1 for forwards and backs respectively. Peak blood lactate concentrations 

were reported to be 8.5 and 6.5 mmol·L-1 for forwards and backs respectively [130]. 

Similarly, Coutts and colleagues [25] found that forwards (8.5 mmol·L-1
) had a higher 

mean blood lactate concentration when compared to backs ( 6.5 mmol· L-1
) during a 

competitive rugby league match. This higher blood lactate concentration found in 

forwards may be a result of the greater amount of sprinting and high-intensity 

activities performed during a competitive game when compared to backs [3, 99]. 

Therefore, forwards may require an increased reliance on the anaerobic energy 

system to provide energy for ATP supply. 

The higher blood lactate concentrations repotied among the semi-elite rugby league 

players when compared to other semi-elite team sports such as soccer [113], 

basketball [1 08], and touch football [152] may be due to several factors. Firstly, the 

heavy physical contact involved in tackling, as well as the physical demands of the 

play-the-ball, may account for the increased blood lactate concentration in rugby 

league [130, 135, 146]. Secondly, the higher body mass and greater involvement of 
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upper-body musculature of semi-elite rugby league players compared to other team 

sport players such as soccer and touch football may result in greater anaerobic 

contribution for rugby league players. However, blood lactate concentrations 

collected during a competitive match may also be affected by the opposition, level of 

competition [25 , 137], playing position [130, 152, 153], individual fitness [152], 

environment [25, 154, 155], and time of collection [25, 114, 137, 146, 156]. 

Therefore, interpretation of blood lactate concentration results from team-sport 

matches need to account for these variables. 

Summary 

Research findings of rugby league suggest that the aerobic energy system is the 

dominant provider of ATP during a competitive match. This reliance on aerobic 

metabolism during match play is also supported by heart rate data, which shows that 

the majority of rugby league matches are played at sub-maximal intensities. The 

anaerobic energy system provides energy during high-intensity activities and is of 

greater importance the higher the level of competition. Blood lactate concentration is 

higher amongst semi-elite rugby league players when compared to semi-elite and elite 

soccer, touch football and basketball players. However, caution must be taken when 

interpreting blood lactate concentration results, as factors such as playing position, 

opposition, level of competition, individual physical fitness and time of collection 

may affect the results. 
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TRAINING FOR RUGBY LEAGUE COMPETITION 

Sport-specific training 

Optimal training of the competitive rugby league player is challenging, as the player 

needs to develop many facets of physiology, psychology, skill and biomechanics to 

successfully compete, especially at the elite level. Philosophies of training vary with 

tradition, level of competition, time of competitive season, environmental conditions 

and the quality of athletes. For example, in recent years the use of modified 

small-sided games has emerged as an effective and safe training tool for rugby league 

players, as opposed to the more traditional conditioning methods [157]. However, at 

present, only a few studies have described the training requirements of semi-elite [24, 

28, 31, 60, 158, 159] and elite rugby league [4, 51, 64]. Therefore, it is beyond the 

purposes of this review to discuss the many specific training strategies employed in 

rugby league. A general overview of the training year for elite and semi-elite rugby 

league will be presented. 

The season 

Elite and semi-elite rugby league is typically an 11-month-per-year training 

commitment for players [17, 18, 99, 157]. The rugby league training year comprises 

three training phases, including the pre-season, competitive season and off-season. 

At higher playing levels, the off-season is usually a short break of one to two months 

(i.e., mid-September to the end of October), when no formal training is scheduled as a 

requirement of the NRL official governing body. Pre-season training typically 

comprises two stages of training, the general preparation phase and specific 

preparation phase. The general preparation phase of training generally commences 

early in November and continues through to the end of December when the specific 

preparation phase of training commences. The specific preparation-training period is 

followed by the competitive season, which concludes in September. Figure 7 shows 

an entire rugby league training season for professional rugby league players and their 

seasonal training loads, using Foster ' s session-RPE method [ 160]. 
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Figure 7: Distribution of training categories for a professional rugby league team 

during the various macrocycle phases of a training year (reproduced with 

permission from Coutts and colleagues [ 161 ]). 

The goals of pre-season training are dependent on many variables, such as training 

age, level of competition, and the previous year 's performance. The goals and 

objectives of training may also be dependent on the training philosophies of the 

coach. Typically, the major focus of pre-season training is on the development of the 

aerobic capacity, increasing lean body mass, as well as improving tackling technique 

and sprint performance [4]. Injury rehabilitation may also be a focus of training. The 

goals of training are tailored to the individual players, based on their strengths and 

weaknesses. Training load increases progressively throughout the early part of the 

pre-season, usually via increases in training intensity and duration [60, 63, 64]. As 

expected, training loads are highest during pre-season training and tend to increase 

with playing level [28, 41 , 42, 64]. For example, Coutts and colleagues [64] found 

significantly higher weekly training loads during pre-season (2730 ± 825 AU) when 

compared to the competitive season (1663 ± 680 AU) for 25 elite rugby league 

players competing in the NRL. These pre-season training loads of elite rugby league 

players are substantially higher than values reported for semi-elite (278-1891 AU) 
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[28, 42, 158] and junior (~267 AU) [41] rugby league players. However, these latter 

studies of lower level rugby league [28, 41, 42, 158] have not reported on the duration 

of the training load period (i.e., whether training load data refer to a single session or 

daily, weekly or total load), limiting comparisons between studies. 

Great importance is placed on the general preparation phase of training to get each 

player to an appropriate aerobic fitness level from which they will be able to complete 

the more intense game-specific training during the next phase. Indeed, the general 

preparation phase of training is thought to provide an appropriate 'base' fitness that 

will permit elite players to cope with the increased training loads and allow further 

development of aerobic fitness during the specific preparation phase [ 4, 64]. 

However, to date no study bas examined the changes in aerobic fitness measures in 

elite rugby league players following the general preparation period or entire 

pre-season. Increases in aerobic fitness measures resulting from pre-season training 

have been shown to be associated with improvements in match performance in 

professional soccer players [80, 81]. Specifically, increases in the number of sprints 

completed, time spent in high-intensity activity and involvement with the ball during 

competitive match play have been found in eight elite youth soccer players following 

eight weeks of interval training during the pre-season that resulted in a 1 0.8°/o 

increase in V02max [80]. Due to the lower aerobic fitness measures of n1gby league 

players, especially forwards, there is a need to ensure optimal scientifically based 

pre-season training programs are employed at the top level of rugby league. 

Therefore, future research investigating the effects of pre-season training on aerobic 

fitness and subsequent competitive match performance is needed. 

The competitive season extends from the first competition game in mid-March until 

the last game of the season in September [ 64]. It has been suggested that the two 

primary goals during this period are to maintain fitness levels obtained during the 

pre-season and to modify skill training in preparation for upcoming games to ensure 

that the players perform at their optimal levels [4]. Thus, the importance of the 

pre-season training period to provide an adequate aerobic fitness base cannot be 
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understated. Additionally, the modification of training volume and intensity is 

critical for optimising physical preparation during this period. Research has shown 

that training load, intensity and duration progressively decrease from the start of the 

competitive season through to the end of competition [28, 60, 64, 158]. This may 

explain the gradual increase in body mass and fatness over a competitive season in 

most playing levels. The main training sessions (high-intensity, moderate-high 

volume) are often performed midweek, with brief high-intensity training in the 

24-48 hours prior to the next competition [162]. Skill and tactics typically become 

the focus of training later in the week; this allows for physical and mental recovery 

from the training loads experienced earlier in the training week. 

Performance-testing 

In rugby league, physical performance is normally measured using many different 

and non-specific performance tests. Generally, field-based tests such as the MSFT, 

10-m and 40-m sprint tests, agility and anaerobic performance capacity tests, as well 

as tests of muscular strength and power have been used [2, 6, 7, 21, 22, 32, 50, 54, 

67]. Laboratory tests , such as incremental treadmill tests [31 ], and maximal cycle 

sprint tests [57] are also used but are less common. Although these field and 

laboratory tests may be valid in measuring various individual fitness components, 

none provide a comprehensive understanding of the individual ' s performance level 

specific to rugby league. Performance tests that are specific to player position and 

test for movement patterns, skills and workloads similar to those employed in a match 

situation would more accurately assess performance. These types of tests have been 

developed for soccer [138, 155, 163-165]; however, they are not yet developed for 

rugby league. Future work is needed in the development of position-specific tests for 

the measurement of performance in rugby league. Such a test may assist conditioning 

specialists and players in monitoring adaptations to training and predicting physical 

performance. Thus, sport-specific physical performance tests play a crucial role in 

the prescription of appropriate physical training and recovery in order to maximise 

adaptation and ensure optimal training and match perforn1ance. 
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Summary 

Professional rugby league players complete a high level of physical work during 

competitive matches. In order to optimally prepare for these games, a large volume 

of training is required, often increasing with playing level. Pre-season training 

coincides with the highest training loads, while loads steadily decline as the 

competitive season progresses. Due to the reduced training volume in-season, pre-

season training is crucial for developing the complex array of physical capacities, 

especially aerobic fitness. Increased aerobic fitness has been linked with improved 

match performance in other professional team sports. However, in rugby league 

changes in aerobic fitness at the elite level have not been quantified, leaving current 

training regimes based on coaches' training philosophies rather than scientific 

evidence. Therefore, there is a need for future research to investigate the effects of 

pre-season training on aerobic fitness and competitive match performance. There is 

also a need for valid, reliable game-specific tests to assist in the close monitoring of 

physical performance and allow for optimisation of training. 

CONCLUSIONS 

This review has provided an update of both the physical characteristics and physical 

performance capacities of rugby league players' at all competitive levels. Generally, 

physical performance tends to improve, the higher the level of competition, while 

players tend to be heavier, taller, have increased muscle mass and reduced skinfold 

thickness as playing level increases. There are also clear differences in the 

anthropometric and physical performance capacities of forwards and backs. 

Forwards are typically heavier, taller, carry more subcutaneous fat, perform poorer in 

speed and agility tests and are less aerobically fit relative to body mass than their 

back counterparts. Forwards also tend to produce greater absolute results when 

measured for strength, power, anaerobic performance and muscle mass; however, 

when expressed relative to body mass the results are comparable with the backs. 

These physical capacities and anthropometric characteristics may deteriorate 

dependent on position or playing level as the season progresses, with reductions in 
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aerobic fitness and increases in skinfold thickness occurring towards the end of a 

rugby league season when training loads are lowest. 

During a rugby league season players, especially those at the elite level, undertake 

high physical workloads in order to optimally prepare for competitive games. This 

usually involves a large volume of training, often increasing with playing level. Due 

to the reduced training volume in-season, pre-season training is crucial for developing 

the complex array of physical capacities, particularly aerobic fitness. Increased 

aerobic fitness has been linked with improved match performance in other 

professional team sports. Considering that rugby league players have lower aerobic 

fitness levels than other team sports, with forwards generally exhibiting the poorest 

aerobic performance results, higher aerobic fitness may improve match running 

performance in rugby league players. However, changes in aerobic fitness at the elite 

level have not been quantified, leaving current training regimes based on coaches' 

training philosophies. Therefore, there is a need for future research to investigate the 

effects of pre-season training on aerobic fitness and competitive match performance. 

In order to accurately investigate the effects of pre-season training on aerobic fitness , 

valid and reliable testing procedures that reflect the match demands and are position 

and playing-level sensitive need to be developed. Such tests will play a crucial role in 

the prescription of appropriate physical training and will allow close monitoring of 

physical performance. 

The analysis of physical movement patterns during rugby league match play may aid 

in the development of specific testing procedures. Movement analysis has clearly 

showed that forwards cover more distance, complete more high-intensity activities 

and are involved in more rewarded and unrewarded high-intensity plays such as 

tackling and hit-ups than are backs. However, the physical work demands of rugby 

league have significantly changed over the past two decades, with the modern game 

of rugby league becoming faster, stronger and more competitive. This may be due to 

several rule changes, increased training time, or the development and application of 

sports science in athlete preparation. Therefore, there is a need for future research to 
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complete up-to-date and reliable time- motion analysis. These time- motion studies 

should compare a variety of levels of competition as well as a more specific 

positional breakdown, which has not yet been researched. An analysis of the 

reliability of time-motion methods should also be included. Such research will allow 

coaches to implement specific training and testing procedures that reflect the work 

demands of the modem rugby league game. 
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ABSTRACT 

Purp ose: The aim of this study was to determine the intra-rater reliability of a 

computer-based tracking (CBT) system for time-motion analysis of team-sport match 

play. Methods: Eighteen professional rugby league players were filmed during 

competitive match play. Subsequent time-motion analysis from one half ( ~45 min) 

of a match was performed by a single trained operator, using CBT on three occasions, 

each separated by one month. Measures of distance, duration and frequency for each 

movement category (i.e., standing, walking, jogging, running, fast running and 

sprinting) were recorded. Test-retest reliability was established from the data of 

trials 2 and 3, using the percentage technical error of measurement (TEM%) which 

was rated as either good(< 5%), moderate (5-10%) or poor(> 10%). Results: The 

frequency of each movement category had a good-to-poor level of reliability 

(4.7-11.6 TEM%>). Measures of time spent and distance covered at low intensities 

dernonstrated a good-to-moderate level of reliability (3.8-9.8 TEMo/o), while fast 

running and sprinting showed poor reliability (12.7-13.2 TEM%). A poor level of 

reliability was also observed in each 1 0-minute period and time spent above 

40 minutes during one half of match play for high-intensity runnmg, very 

high-intensity Iunning, and sprinting distances (10.3-48 .0 TEM%). Conclusions: 

For the individual observer in this study, time--motion analysis was shown to be 

moderately reliable as an evaluation tool for examining the movement patterns of 

professional rugby league. The larger variation in high-intensity activities, especially 

during smaller time periods, should be taken into consideration when interpreting 

time-motion analysis results from CBT. 

Key Words: Time-motion analysis, rugby league, reproducibility, intra-reliability. 
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INTRODUCTION 

Time-motion analysis (TMA) is often used to quantify the movement patterns of 

athletes during match play in a variety of team sports. 1 The information obtained 

from TMA is considered fundamental in team sports for the development of specific 

physical training programs and match analyses.2 For example, TMA has been used to 

analyse changes in physical performance over a competitive season,3
' 

4 determine 

positional differences in match-related physical demands,5 and examine the effect of 

fatigue. 6 The value of such data relates to the potential for coaches to more closely 

align training programs to the specific demands of their players. However, in order to 

provide accurate information for specialised training programs, time-motion 

measurement systems need to be able to reproduce consistent and reliable data. 

There are numerous methods for measuring the movement demands of team sports 

during match play, including the recent development of a computer-based, hand-held 

tracking (CBT) system.7
' 

8 The CBT system records distance, duration and frequency 

via an operator manually tracking a player's movement patterns on a calibrated, 

scaled version of the playing field, either in real-time or via video replay. 8 The CBT 

system is often used to quantify the match running demands of players in team sports 

when the cost of semi-automatic computerised player tracking systems is prohibitive 

and/or portable tracking devices (e.g., GPS devices) are not permitted. This system 

uses specialised software to instruct the computer to take the operator's position in 

x-y pixels on the screen at any time frame and calculate the linear distance and speed 

travelled between each consecutive x-y position. 7 Computer-based tracking relies on 

the operator to use field markings as reference points to manually follow the player's 

field position on the scaled field. 7 Whilst CBT may provide an objective method for 

quantifying movement patterns in team sports, this method may have some level of 

imprecision, particularly for high-speed movements encountering numerous changes 

in direction.7 However, at present the 'technological or operator' error of using CBT 

for TMA of team sports has not been extensively established. 
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A tracking system with poor measurement reliability is of little practical benefit for 

coaches and scientists, as small variations in match running performance between 

players or matches will not be detected.9 Therefore, to overcome this, scientists must 

determine the measurement reliability of the tracking system and interpret any 

changes in match running performance according to the measurement error of the 

system. This analytical approach will allow coaches and scientists to interpret small 

but practically important changes in match running performance.3
' 

10 Recent studies 

have suggested that this may be a useful method for analysis of running performance 

measures, both between matches or within players during a season.3 However, for 

this analytical method to be useful, analysis of measurement error with the tracking 

system needs to be conducted for team sports. The information obtained from these 

reliability measures will enable sports scientists to more accurately assess match 

performance, evaluate player qualities and the effects of intervention, and prescribe 

training. Therefore, the purpose of this study was to determine the intra-rater 

(i.e., a single observer's) reliability of using a CBT system for the TMA of team-sport 

match play. 

METHODS 

Subjects 

Eighteen elite and semi-elite rugby league players (mean (± SD); age = 23.4 ± 3.1 y, 

body mass 95.7 ± 7.4 kg, height 1.80 ± 0.04 m) from the same professional National 

Rugby League (NRL) club participated in this study. All players were currently 

playing in the NRL (n = 9) or the NSW Premier League (n = 9) competitions. Each 

player was filmed once during the 2004 or 2005 rugby league seasons. The data 

collection process was 'single blind' for all players. That is, no player was aware if 

they were the selected subject to be videotaped during any chosen rugby league 

match. Informed consent was voluntarily obtained by all players from both playing 

grades, prior to the commencement of the study. Ethical approval was granted by the 

University Human Research Ethics Committee for all experimental procedures. 
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Experimental design 

To assess the intra-rater reliability of using CBT for analysing time-motion data in 

rugby league, video footage from one half ( ~45 min) of a match was randomly 

analysed on three occasions, each separated by one month. Analyses were conducted 

from nine rugby league players for both playing grades for a total of 18 players 

analysed (i.e., 2 x full-back, 2 x wing, 2 x centre, 2 x five-eighth, 2 x half-back, 

2 x hooker, 2 x second row, 2 x prop and 2 x lock). Re-test trials were conducted one 

month apart to decrease the retention of information on the selected video footage. 1 

On each occasion distance (forward and backward), duration and frequency measures 

for each movement category (i.e., standing, walking, jogging, running, fast running 

and sprinting) and total( s) for the half were collected. 

Video procedures 

Each player was filmed for the entire first half (~5 min) of a rugby league match 

including all stoppages in play (i.e., injury time, video referee, etc.). Video footage 

for TMA was recorded using standard video cameras with automatic focus and zoom 

lens (Panasonic NV-DXIOO and JVC GR-DVL 9800 digital video cameras) by a 

trained video operator. Each camera was mounted on a tripod and positioned in the 

grandstand, elevated both at a distance 20m above and away from the playing field at 

the 50 m line. 

During filming, each player was positioned at the centre of the camera screen, with 

the surrounding 10m lines and at least one sideline filmed to determine each player's 

field position. All players were filmed while playing on the same ground at the club's 

home stadium. In the event that a selected player being filmed was replaced during 

the match due to injury, was sent from the field by the referee for rule indiscretion, or 

changed playing position, then that player's match was not analysed. If a player 

selected to be videotaped was interchanged due to the team's normal player 

substitution routine, the camera remained filming this player on the interchange bench 

until the player returned to the field. Thus, only one player's game time was filmed 

as a representation of each playing position during a rugby league match. 
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Match analysis 

Match-play analysis was performed by a single trained operator, using a CBT system 

(Trak Performance version 2.2, SportsTec Pty Ltd., Sydney, Australia). Based on 

prior recommendations8 and to maximise the effectiveness of the CBT software, a 

drawing tablet (intuos2, Wacom Company, Ltd., Tokyo, Japan) was connected to a 

personal computer. This method used for TMA has been described in several 

research studies.7
' 

8 Briefly, an exact scaled version of the rugby league field 

dimensions (including all field markings) displayed on the CBT software was 

recreated on the drawing tablet. Using a stylus pen (intuos2 Grip Pen, Wacom 

Company, Ltd., Tokyo, Japan) a trained operator manually followed or 'tracked' an 

individual player around the scaled field continuously from the video replay of the 

recorded match. The video footage was replayed through a projector (XG-C55X, 

Sharp Corporation, Ltd., Tokyo, Japan) onto a large screen (2.0 x 2.3 m) placed 

approximately 8 m directly in front of the operator. The rugby league field markings 

(i.e., 10-m lines and sidelines) were used to establish the location of the player at all 

times, thus replicating as closely as possible the speed of movement and actual 

distance covered during all movement activities. 

The CBT software was programmed to provide output of six movement categories 

which were each given a specific speed range, based on previous time- motion 

research.3 These movement categories were: standing (0--1.0 km·h-1
); walking 

(1.1-7.0 km·h- 1
); jogging (7.1-13.0 km·h-1); running (13.1-18.5 km·h-1

); fast running 

(18.6-24.0 km·h-1
); and, sprinting (> 24.0 km·h-1

). In addition, two high-speed 

n1nning zones, including high-intensity running (HIR) and very high-intensity 

running (VHIR), were also determined. Based on previous time-motion research, the 

HIR zone included all activity above a running speed of 13.1 km·h-1
, while the VHIR 

zone included activity above a running speed of 18.6 km·h-1
•
3 The software was also 

pre-programmed to include selected 'events' when occurring, to be entered by the 

trained operator by using computer keyboard strokes. To analyse backward activity, 

a keystroke was applied on each occasion when a player started (keystroke 'A' ) and 

completed (keystroke 'B') any movement activity in a backward direction. Distance, 
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speed and an event occurrence were collected at a user-selected rate of 20 Hz. These 

data were then reduced to 1-s averages by the CBT software, when exported to 

Microsoft Excel® (Microsoft, Redmond, USA). 

Match performance measures 

The total and mean time, total and mean distance, and frequency count were 

determined for each movement category and totalled for one half (~45 min) of the 

video footage collected. The total distance (TD), HIR, VHIR and sprint distance 

travelled were calculated for each 1 0-minute period, as well as the remaining time 

spent above 40 minutes (i.e. , 0-10 min, 10.1-20 min, 20.1-30 min, 30.1-40 min and 

above 40 min) as a result of stoppages in match play during the half. The total 

backward distance as well as maximum sprint time and distance were also 

determined. 

STATISTICAL ANALYSES 

Data were tested for violations of the assumption of normality and homogeneity of 

variance, using the Shapiro-Wilks statistic and Mauchly' s test of sphericity, 

respectively. Neither assumption was violated and the raw data (i.e., not log 

transformed) were used for all reliability measures. A One-way Analysis of Variance 

(ANOVA) with repeated measures was used to detect any differences in measurement 

variables between the three trials. If significant between-trial differences were found, 

a Scheffe post hoc analysis was performed. The absolute and percentage technical 

error of measurement (TEM absolute; TEMo/o), Intraclass correlation coefficient 

(ICC) and 95% confidence intervals (CI) were calculated according to the methods of 

Hopkins. 11 Once TEM% was established, it was divided into criterion categories, 

being rated as good(< 5%), moderate (5-10%) or poor(> 10%), based on previous 

recommendations. 1 The absolute reliability (i.e. , TEM) can be of importance to 

examme the variation within a match while the relative reliability (i.e., ICC) to 

examme differences between players of different competitive levels or playing 

position. Analyses were performed using Microsoft Excel® (Microsoft, Redmond, 
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USA) and SPSS (Version 15.0, Chicago, USA). Statistical significance was set at P :S 

0.05. All data are reported as the mean(± SD) unless otherwise stated. 

RESULTS 

Repeated measures ANOVA revealed no significant differences (P > 0.05) in any 

variable measured across the three trials. The intra-rater reliability of the total and 

mean distance covered in each of the movement categories are presented in Table 1. 

Using the TEM% from trials 2 and 3, the TD covered showed a good level of 

reliability (2.7%). A moderate level of reliability was identified in VHIR 

(7.1 TEM%) and HIR (9.4 TEM%). However, the distance covered in the 

fast-running (13.2 TEM%) and sprinting (12.9 TEM%) zones showed a poor level of 

reliability. Poor reliability was also measured for the total backward distance covered 

(14.4 TEM%; ICC = 0.959). 
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Table 1: Measures of reliability (with 95% confidence intervals) for total distance and mean distance covered during each movement 

category from trial two and trial three of one half of rugby league time-motion analysis (n = 18). 

Distance Variables Grand Mean TEM TEM 95% Cl ICC 95% Cl TEM Criterion 

(m) (%) (m) (m) 

Total distance 4294 2.7 115.9 (89.1 to 177 .9) 0.984 (0.955 to 0.994) Good 

Very high-intensity running 533 9.4 50.3 (38. 5 to 76.9) 0.932 (0.824 to 0.975) Moderate 

High-intensity running 1331 7.1 93.9 (72.5 to 144.9) 0.941 (0.845 to 0.978) Moderate 

Low-intensity running 2963 2.4 70.1 (53.2 to 1 06.2) 0.987 (0.964 to 0.995) Good 

Total Walk Distance 1297 4.0 51.3 (29.7 to 59.4) 0.986 (0.963 to 0.995) Good 

Total Jog Distance 1666 4.6 76.8 (57.1 to 114.1) 0.962 (0.898 to 0.986) Good 

Total Run Distance 799 9.8 78.4 (60.2 to 120.2) 0.878 (0.697 to 0.954) Moderate 

Total Fast Run Distance 319 13.2 42.2 (32.0 to 64.0) 0.878 (0.696 to 0.954) Poor 

Total Sprint Distance 214 12.9 27.5 (21.2 to 42.4) 0.905 (0.758 to 0.964) Poor 

Mean Walk Distance 5.5 6.0 0.3 (0.2 to 0.4) 0.914 (0.780 to 0.968) Moderate 

Mean Jog Distance 6.9 4.7 0.3 (0.3 to 0.5) 0.682 (0.315 to 0.871) Good 

Mean Run Distance 7.8 6.8 0.5 (0.4 to 0.8) 0.335 (-0.156 to 0.693) Moderate 

Mean Fast Run Distance 9.3 7.1 0.7 (0.5 to 1.0) 0.610 (0.200 to 0.838) Moderate 

Mean Sprint Distance 18.4 6.5 1.2 (0.9 to 1.9) 0.866 (0. 671 to 0.949) Moderate 

Maximum Sprint Distance 41.9 9.5 4.0 (3.0 to 6.0) 0.882 (0.706 to 0.956) Moderate 

TEM = technical error of measurement; Cl = confidence intervals; ICC = lntraclass correlation coefficient; TEM criterion was based on previous 
recommendations. 1 
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The TEM% of sprint distance, VHIR, HIR and TD for each 1 0-minute period and 

time spent above 40 minutes of one half of rugby league TMA are displayed in 

Figure 1. While the TD covered for each 1 0-minute period and time spent above 

40 minutes showed a good-to-moderate level of reliability (2.4-5 .5 TEM%; 

ICC = 0.916-0.989), a poor level of reliability was observed for HIR, VHIR, and 

sprint distance (10.3-48 .0 TEM%; ICC = 0.761-0.937). The TEM% for each 

1 0-minute period as well as time spent above 40 minutes for HIR, VHIR and sprint 

distance all showed increasingly poorer reliability as each 1 0-minute period 

concluded. 

Table 2 shows the grand mean, TEM (absolute and %), ICC and respective 95% CI 

for the total and mean time spent in each movement category. The intra-rater 

reliability for the frequency of each movement category is presented in Table 3. The 

mean total frequency count (4.0 TEM%) and mean total time (0.1 TEM%) when 

combining each movement category showed a good level of reliability. 
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Figure 1: Percentage technical error of measurement (TEM%) of each 10-minute 

period and time spent above 40 minutes for (A) sprint distance; (B) very 

high-intensity running distance; (C) high-intensity running distance; and, (D) 

total distance covered from trial two and trial three of one half of rugby 

league time- motion analysis (n = 18). 
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Table 2: M easures of reliability (with 95% confidence intervals) for total time and mean time spent in each movement category from 

trial two and trial three of one half of rugby league time-motion analysis (n = 18). 

Time Variables Grand Mean TEM TEM 95% Cl ICC 95% Cl TEM Criterion 

(s) (%) (s) (s) 

Total Time 2372 0.1 2.4 (1.9 to 3.8) 1.000 (1.000 to 1.000) Good 

Very high-intensity running 83 9.7 8.0 (6.2 to 12.3) 0.929 (0.817 to 0.97 4) Moderate 

High-intensity running 272 7.5 20.4 (15.7 to 31 .3) 0.932 (0.825 to 0.975) Moderate 

Low-intensity running 2100 1.0 20.0 (15.3 to 30.6) 0.998 (0.994 to 0.999) Good 

Total Stand Duration 348 8.2 28.6 (19.2 to 38.3) 0.956 (0 .884 to 0.984) Moderate 

Total Walk Duration 1120 3.8 42.7 (27 .7 to 55.3) 0.983 (0.955 to 0.994) Good 

Total Jog Duration 632 4.6 29.3 (22 .0 to 43.9) 0.959 (0.892 to 0.985) Good 

Total Run Duration 190 9.8 18.6 (1 4.2 to 28.4) 0.879 (0.699 to 0.954) Moderate 

Total Fast Run Duration 55 13.1 7.2 ( 5. 5 to 11 . 1 ) 0.878 (0.696 to 0.954) Poor 

Total Sprint Duration 28 12.7 3.5 (2.7 to 5.4) 0.910 (0 .771 to 0.966) Poor 

Mean Stand Duration 4.7 8.1 0.4 (0.3 to 0.6) 0.906 (0 .760 to 0.965) Moderate 

Mean Walk Duration 4.7 7.3 0.3 (0.2 to 0.4) 0.872 (0 .683 to 0.952) Moderate 

Mean Jog Duration 2.6 4.6 0.1 (0.1 to 0.2) 0.627 (0 .226 to 0.846) Good 

Mean Run Duration 1.8 7.0 0.1 (0.1 to 0.2) 0.321 (-0.171 to 0.685) Moderate 

Mean Fast Run Duration 1.6 6.8 0.1 (0.1 to 0.2) 0.578 (0 .152 to 0.823) Moderate 

Mean Sprint Duration 2.4 6. 7 0.2 (0.1 to 0.2) 0.813 (0 .557 to 0.928) Moderate 

Maximum Sprint Duration 4.9 9.5 0.5 (0.4 to 0.7) 0.850 (0.635 to 0.943) Moderate 

TEM = technical error of measurement; Cl = confidence inte rvals; ICC = lntraclass correlation coefficient; TEM criterion was based on previous 
recommendations .1 
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Table 3: Measures of reliability (with 95% confidence intervals) for the frequency count of each movement category from trial two and 

trial three of one half of rugby league time- motion analysis (n = 18). 

Frequency Count Grand Mean TEM TEM 95% Cl ICC 95% Cl TEM Criterion 

(n) (%) (absolute) (absolute) 

Total 699 4.0 29.0 (1 9.0 to 39.0) 0.968 (0.914 to 0 .988) Good 

Stand 73 10.1 7.0 (5.0 to 1 0.0) 0.856 (0.647 to 0.945) Poor 

Walk 237 5.0 12.0 (8.0 to 16.0) 0.949 (0.866 to 0.981) Moderate 

Jog 240 4.7 11 .0 (8.0 to 17.0) 0.951 (0.870 to 0.982) Good 

Run 103 9.0 9.0 (7.0 to 14.0) 0.878 (0.698 to 0.954) Moderate 

Fast Run 34 11.6 4.0 (3.0 to 6.0) 0.900 (0.748 to 0.963) Poor 

Sprint 12 9.0 1.0 (1.0 to 2.0) 0.957 (0.887 to 0.984) Moderate 
TEM = technical error of measurement; Cl = confidence intervals; ICC = lntraclass correlation coefficient; n = number; TEM criterion was based on 
previous recommendations. 1 
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DISCUSSION 

This study is the first to examine the reliability of a CBT system for quantifying 

team-sport match-play movement demands. The results show that most time-motion 

measures in this study showed an acceptable level of reliability (TEMo/o ::::; 10% and 

ICC > 0.8). 12 In agreement with previous research1
, the CBT system demonstrated 

greater reliability at lower running speeds (i.e., walking and jogging) and poorest 

reliability measures for higher speed movements (i.e., fast running and sprinting) and 

stationary activities. 

The good level of reliability for TD covered during rugby league match play in this 

study (2.7 TEM%) is in agreement with the majority of previous research using a 

variety of TMA methods to measure the reliability of movement patterns in 

team sports.7
' 

13 Indeed, both video-based tracking (VBT) (coefficient of variation 

(CV) = 1.0%) or CBT (2.4-4.7 TEM%) have provided a low level of measurement 

error for TD travelled during professional soccer refereeing, 13 Australian Football 

League or movement over known courses. 7 In contrast, portable global positioning 

systems (GPS) have shown a slightly greater error (5 .5 TEM%) for TD travelled over 

a range of known courses.7 The better reproducibility of TD covered using the CBT 

system in this study when compared to GPS (i.e., 1 Hz) may be due to the higher 

frequency sampling rates accessible with CBT systems (i.e., 20 Hz). However, the 

CBT system used in this study has been reported to overestimate the actual distance 

travelled by an athlete.7 This overestimation is thought to be due to the slight 

'sideways' movement of the operator's tracking instrument (i .e., mouse, stylus pen) 

when following a player's movement patterns.7 Consequently, this 'operator' error 

may provide an explanation for the measurement error found in distances travel1ed 

during all movement categories in this study. 

Analysis of movement distance shows that while low-intensity activities 

demonstrated a good level of reliability (4.0-6.0 TEM%), measures recorded for 

high-speed movements shows only a moderate-to-poor level (6.5-13.2 TEM%). The 

only other study to report on the reliability of the TD covered during movement 
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categories was conducted on 27 professional soccer referees during match play using 

VBT and reported a small amount of measurement error for low-intensity distances 

(2.0-5.0% CV). 13 It has been determined that measurement error becomes 

considerably less as the distance travelled is increased (i.e., > 2 km), while the largest 

measurement error exists in smaller distances of up to approximately 200 m when 

using CBT.7 Since the players in this study travelled a mean (± SD) distance of 

319 ± 120 m and 214 ± 90 m for fast running and sprinting respectively, this may 

explain the poor intra-rater reliability at these higher speeds (12.9-13.2 TEM%). 

Conversely, the good level of reliability (2.4-4.6 TEM%) for mean (± SD) distance 

travelled walking (1297 ± 335 m), jogging (1666 ± 383 m) and at low-intensity 

running (2963 ± 607 m) may be attributed to the greater distances travelled in these 

zones. These results demonstrate that there is a tendency for CBT to be less reliable 

when measuring distance at higher running speeds during rugby league match play. 

Future research should consider the larger variation in fast running and sprinting 

distance when interpreting TMA results from CBT. 

The ability to detect small yet worthwhile changes (i.e., ~ 1 %) in high-intensity 

activity is crucial for elite athletes,6
' 

10 especially when considering the important role 

of high-intensity activities and the brief time spent performing such activities during 

match play. This study showed a lower measurement error in time spent in the 

combination VHIR zone (9.7 TEM%>), as opposed to the poor level of reliability for 

time spent in fast running ( 13.1 TEM%) and sprinting (12. 7 TEM%) zones 

independently. Therefore, when using CBT for analysis of both within- and 

between-match performance of intermittent sports, high-speed activities should be 

combined and the reliability of this measure should be reported. The potential 

advantage of combining these individual movement zones is that the improved 

reliability may allow for the detection of smaller changes in high-intensity activities. 

This study also showed a poor level of reproducibility in the total time spent and 

frequency of standing (8.2-1 0.1 TEM%). This is similar to the reproducibility 

measures reported for stationary activities in Super 12 rugby union (11.1 TEM%) 1 or 
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professional male hockey (9.4 TEM%) 14 from VBT analysis. However, other 

researchers have combined values from standing and walking to provide increased 

measurement reliability. 15 For example, Mcinnes et. a/. 15 combined the standing and 

walking data obtained with VBT from eight elite basketball players during 

match play to show a good level of reliability (3.9%> CV). It is suggested that the 

combination of standing and walking would have little effect on physical 

conditioning applications, due to the low energy cost of these activities. 16 Therefore, 

we recommend that measures involving standing and walking be combined in future 

studies using CBT for TMA of team sports to increase reproducibility. 

It is common in time-motion studies to analyse matches in equal smaller time periods 

for each half (i.e., 10-15 rnin). 6
' 

17
' 

18 This approach has most often been used to 

examine changes in performance during the match in an attempt to identify fatigue. 6' 

17, 18 However, at present no study has determined the reliability of important 

performance measures (i.e., high-intensity distance and TD) during these reduced 

time periods. In this study, there was a larger amount of error when compared to half 

totals (2.7, 7.1, 9.4 and 12.9 TEM%) in each 10-minute period and time spent above 

40 minutes for the TD travelled (2.4- 5.5 TEM%), HIR distance (10.3- 20.6 TEM~'O), 

VHIR distance (12.5-26.6 TEM%) and sprint distance (18.7-48.0 TEM%), 

respectively. While the TD covered for each 10-nlinute period (and the remaining 

time spent above 40 minutes) still had a good level of reliability, the measurement 

errors for HIR (~262m), VHIR (~108 m) and sprint (~45 m) distances were large. 

This may be explained by previous research showing that greater measurement error 

exists when distances become smaller using CBT.7 

There was a trend for measurement error to increase as the match analysis progressed 

(Figure 1 ). A limitation of the CBT system employed in this study is that one half of 

a match has to be tracked by the operator in its entirety. This restriction requires the 

operator to maintain the same level of hand- eye coordination, hand-steadiness and 

visual concentration for over 40 minutes. Therefore, 'operator ' error may result from 

fatigue and help to explain the increasingly poorer measurement error as match 
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analysis continues. Irrespective of the source of error, care must be taken when 

interpreting TMA results for smaller time periods (i.e., 10-15 min) using CBT. We 

recommend that future research studies provide reliability measures on the exact 

replication of TMA methodology so that 'real' changes in match performance 

independent of systematic error can be determined. 

CONCLUSIONS 

Systematic error and limitations exist in every method for TMA. 16 In this study we 

have shown the intra-rater reliability of using a CBT system for TMA of team-sport 

match play. The results demonstrated that low-intensity activities have a greater 

reliability when compared to activities performed at high speeds or stationary 

activities. Due to the large measurement error in high-intensity activities when using 

CBT, care should be taken when interpreting these results, especially in data that is 

grouped into smaller time periods (i.e., 10-15 min). 

PRACTICAL APPLICATIONS 

The CBT system provides a similar acceptable level of reliability for TMA to other 

VBT 1 or GPS7 systems. Time-motion results from CBT need to be interpreted in 

conjunction with the error of measurement so that scientists and coaches are able to 

identify 'real' differences in movement measurements. We also recommend that 

fast-running and sprinting zones as well as standing and walking zones be combined 

into broader movement zones to allow for the smallest worthwhile changes in 

movement measurements to be monitored. Finally, to achieve better results when 

using the CBT system we recommend that operators be familiarised with it and avoid 

long continuous periods of analysis. 
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ABSTRACT 

The purpose of this study was to examine the differences in physical performance and 

game-specific skill involvement between elite and semi-elite rugby league players 

during match play. Time-motion analysis was used to determine physical and 

game-specific skill match demands in 17 elite and 22 semi-elite rugby league players. 

Physical performance (time, intensity of exercise, frequency, repeated-sprint ability 

and speed measures) and game-specific skill measures (ball carries, supports, ball 

touches, play the balls and tackles) were recorded per minute of playing time. The 

main finding was that total intensity (108.9 ± 10.6 vs. 102.3 ± 9.7 m·min-1
), 

high-intensity exercise (36.7 ± 9.8 vs. 29.6 ± 7.8 m·min-1), mean playing speed 

(6.6 ± 0.6 vs. 6.2 ± 0.6 km·h-1
) and support play (0.29 ± 0.16 vs. 0.15 ± 0.09 

number-min-1
) were all higher during first-half match play in the elite players 

compared to the semi-elite players (P < 0.01). The elite players showed significant 

decreases in the majority of physical performance measures during second-half match 

play compared to the first half, which were not evident in the semi-elite players. No 

significant differences were found in the majority of physical performance and 

game-specific skill measures for the match between the two playing levels. These 

results show that while the two standards of cornpetition experience similar 

game-specific skill involvement and physical demands during a match, variation 

exists within a match between the playing levels. Specifically, the higher physical 

demands placed on the elite rugby league players during the first half may cause an 

earlier onset of physical fatigue towards the end of a match. 

Key Words: Match analysis, physical movement patterns, game-specific skill 

involvement, repeated-sprint bouts. 
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INTRODUCTION 

Rugby league is an international sport played at many standards rangmg from 

amateur to elite. In Australia the National Rugby league (NRL) is the highest 

standard of competition, while the New South Wales Premier League (NSWPL) 

forms a 'feeder' competition to the NRL. The NSWPL is an important competition, 

providing a pathway for players to develop physical and game-specific skill attributes 

in preparation for NRL competition. During a season, NSWPL players might be 

required to play in the NRL due to injury, match suspension or representative playing 

commitments of elite players. Accordingly, these semi-elite players are expected to 

cope with the physical and game-specific skill demands of the higher standard of 

competition. However, the extent to which match demands of the NSWPL 

competition prepare semi-elite players physically and technically to make a 

successful transition to match play in the NRL is not known. Thus, differences in 

match demands between the two playing levels need to be assessed so that specific 

training programs and testing protocols can be developed. 

Time- motion analysis is used to quantify the physical and technical movement 

patterns of team sports and so provide important guidelines for training in a chosen 

sport (Duthie, Pyne, & Hooper, 2005). This approach has been used in a wide range 

of team sports including soccer, rugby union, hockey and Australian Football League 

(Dawson, Hopkinson, Appleby, Stewart, & Roberts, 2004; Duthie, Pyne, & Hooper, 

2005; Mohr, Krustrup, & Bangsbo, 2003; Spencer et al., 2004). Time-motion 

analysis may also provide specific information that can be applied to the physical and 

game-specific skill preparation of players at each competitive level for rugby league. 

Such preparation may assist in improving weaknesses in physical and game-specific 

skill match play between each standard of competition in order to make a more 

successful transition into the higher playing level. 
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To date, only two time--motion studies of rugby league have been published (Meir, 

Arthur, & Forrest, 1993; Meir, Colla, & Milligan, 2001). Both of these studies have 

examined the physical and technical match demands of elite rugby league players. 

However, these previous studies contain methodological issues such as low sample 

size (i.e., four players) (Meir, Arthur, & Forrest, 1993; Meir, Colla & Milligan, 2001) 

and investigated the requirements of a position for a whole match (Meir, Arthur, & 

Forrest, 1993; Meir, Colla & Milligan, 2001) rather than the requirements of one 

player in a position during a match. Furthermore, this research was conducted prior 

to the introduction of the limited interchange rule in 2001. At present, no detailed 

information exists on the differences in physical and game-specific skill demands 

between the NRL and NSWPL standards of competition. This information may 

identify the development requirements needed to meet current top-level rugby league 

match demands. Therefore, the purpose of this study was to: (1) quantify the physical 

performance and game-specific skill involvement in elite rugby league players 

competing in the NRL and semi-elite players participating in the NSWPL, and (2) 

determine whether any differences exist in both physical performance and game-

specific skill involvement between these two standards of competition. 

METHODS 

Subjects 

Seventeen elite (mean (± s); age= 24.8 ± 3.1 y, body mass= 95.7 ± 8.1 kg, height = 

1.84 ± 0.05 m) rugby league players from the NRL participated in the study. In 

addition, 22 semi-elite rugby league players (mean (± s); age = 22.1 ± 2.4 y, body 

mass = 93.8 ± 8.8 kg, height = 1.83 ± 0.05 m) competing in the NSWPL also 

participated in the study. All players were from the same professional NRL club 

(Parramatta Eels) and were video monitored over two rugby league seasons 

(2004- 2005). Each playing position was filmed on one or more occasion(s) during 

16 NRL and 14 NSWPL official matches for a total of 39 NRL and 35 NSWPL match 

samples analysed. Data collection was ' single blind' so that no player was aware at 

any time that he was being video monitored during a match. Voluntary informed 

consent was obtained by all players prior to the commencement of the study. Ethical 

118 



approval was granted by the University Human Research Ethics Committee for all 

experimental procedures. 

Video procedures 

Each player was filmed for the entire rugby league match, including all stoppages in 

play (i.e., injury time, video referee, etc.) at the club 's home ground, according to the 

methods of Sirotic and Coutts (2008). If a selected player being filmed was replaced 

during the match due to injury or was sent from the field by the referee for rule 

indiscretion, then that player's match was not analysed. If a player selected to be 

video monitored was interchanged due to the team's normal player substitution 

routine, the camera remained filming this player on the interchange bench until the 

player returned to the field. 

Match-analysis procedure 

The match-analysis procedure used in this study has been described in several 

research studies (Burgess, Naughton, & Norton, 2006; Edgecomb & Norton, 2006; 

Sirotic & Coutts , 2008). Match-play analysis was performed by a single trained 

operator, using a computer-based tracking (CBT) system (Trak Performance version 

2.2, SportsTec Pty Ltd., Sydney, Australia) in accordance with a drawing tablet 

(intuos2, Wacom Company, Ltd., Tokyo, Japan), which replicated the scaled version 

of the rugby league field dimensions. A stylus pen (intuos2 Grip Pen, Wacom 

Company, Ltd., Tokyo, Japan) was then used by a trained operator to manually 

follow or 'track' a single player around the scaled field continuously from video 

playback of the recorded match. The rugby league field markings (i.e., 10-m lines 

and sidelines) were used to establish the location of the player, replicating as closely 

as possible the speed of movement and actual distance covered during all movement 

activities. 
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Physical match-analysis data 

Analysis of physical match activities was carried out by usmg the following 

movement categories based on previous time-motion data (Rampinini, Coutts, 

Castagna, Sassi, & Impellizzeri, 2007): (a) standing (0-1.0 km·h-1); (b) walking 

(1.1-7.0 km·h-1
); (c) jogging (7.1-13 .0 km·h-1); (d) running (13.1-18.5 km·h-1); 

(e) fast running (18.6-24.0 km·h-1
); (f) sprinting (> 24.0 km·h-1

); (g) low-intensity 

running (LIR; activity below a running speed of 13.1 km·h-1
), (h) high-intensity 

running (HIR; activity above a running speed of 13.1 km·h-1
); and, (i) very 

high-intensity running (VHIR; activity above a running speed of 18.6 km·h-1). To 

analyse backward movement, a computer keyboard stroke was applied on each 

occasion when a player started (keystroke 'A') and completed (keystroke 'B ') any 

movement in a backward direction. The CBT software was pre-programmed to 

recognise these keystrokes and recorded the time when the event occurred. 

Distance, speed and backward movement were collected at a user-selected rate of 

20 Hz and then reduced to 1-s averages by the CBT software, when exported to 

Microsoft Excel® (Microsoft, Redmond, USA). The relative time, intensity of 

exercise, and frequency of each movement and total(s) were calculated for the first 

half, second half and entire match. Mean recovery time between sprints, mean 

playing speed, repeated-sprint ability and changes in speed (acceleration and 

deceleration) were also determined. Repeated-sprint ability was detennined 

according to the methods of Spencer et al. (2004). Changes in speed were divided 

into two categories: moderate or rapid. A moderate acceleration or deceleration 

action was defined as an increase or decrease in speed of between 4 km·h-1 and 

8 km·h-1
• A rapid acceleration or deceleration action was defined as an increase or 

decrease in speed of greater than 8 km·h-1
• Due to variations in mean playing time as 

a result of player interchange in individual match samples, measures of intensity, 

frequency, and changes in speed were expressed per minute of playing time. 
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Game-specific skill match analysis data 

Game-specific skill data (Gabbett, Kelly, & Pezet, 2008) from each NRL and 

NSWPL match were manually coded by the trained operator from a video replay of 

recorded match. Game-specific skill data were analysed separately to that for 

physical performance data. Frequency of involvements for the following skills were 

collected for the first half, second half and match and expressed per minute of playing 

time: 

• Ball carries: number of times a player travelled a distance of greater than two 

steps in any direction while in possession of the ball. 

• Support runs: number of times a player performed a genume offensive 

movement when positioned close to a ball runner with the intention of 

receiving the ball or drawing a defender away from the ball runner in an effort 

to advance the ball toward the opposition's goal line. 

• Touches of the ball: number of times a player was in contact with the ball; if 

the player touched the ball more than once after making initial contact with 

the ball before releasing it, then this was recorded as one involvement. 

• Play the balls: number of times a tackled player rose to their feet and played 

the ball backwards with a striking action. 

• Tackles made: number of times a player performs a defensive action whereby 

the player engages in physical contact with an opponent in a genuine effort to 

stop the opponent from promoting the ball toward the player's goal line. 

Reliability 

Reliability of the physical match analysis method used in this study has been 

described (Sirotic & Coutts, 2008). To assess the intra-rater reliability of the 

game-specific skill analysis method, the first halves of nine rugby league matches 

were analysed on two occasions. Re-test trials were conducted one month apart to 

decrease the retention of information on the selected video footage (Duthie, Pyne, & 

Hooper, 2003). Student's paired t-test revealed no differences between trial one and 

trial two for any game-specific skill variable (P > 0.05). The precision of the 
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game-specific skill analysis method was assessed using the percentage technical error 

of measurement (TEM%) and Intraclass correlation coefficients (ICC) (Table 1) 

(Hopkins, 2000). To identify ' real' differences (i.e., greater than the error in 

measurement) in physical and game-specific skill measures between playing levels 

the absolute TEM with 95% confidence intervals (TEM 95% CI) were calculated for 

all physical and game-specific skill variables from 18 and nine rugby league players 

during one half of a rugby league match, respectively. 

Table 1: Reliability data for intra-rater analysis of technical skills, expressed as the 

number of instances per minute the skill occurred between two trials of one 

half of rugby league time-motion analysis (n = 9). 

Ball Support Touches of Play the Tackles 

carries Runs the ball balls made 

TEM% 3.9 4.3 4.7 4.6 4.8 

ICC 0.996 0.986 0.997 0.997 0.991 

TEM%, percentage technical error of measurement; ICC, Intra class correlation 
coefficient. 

STATISTICAL ANALYSES 

Data were tested for violations of the assumption of normality and homogeneity of 

variance using the Shapiro-Wilks statistic, and Levene's Test for equality in 

variances, respectively. Differences in physical performance and game-specific skill 

measures between the two standards of competition (i.e., NRL vs . NSWPL) for the 

first half, second half and entire match were determined using Student's unpaired 

t-test. Differences in physical performance and game-specific skill measures between 

the first and second half for elite and semi-elite players were also determined using 

Student's paired t-test. To control for type 1 errors a pseudo-Bonferroni adjustment 

was applied by dividing the P value by the number of dependent variable groups 

(Rampinini, Coutts, Castagna, Sassi, & Impellizzeri, 2007): 1) time, 2) intensity of 

exercise, 3) frequency, 4) speed, and 5) game-specific skill measures. Thus, 

statistical significance was set at an alpha level of 0.01 (P < 0.05/5). Relationships 
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between physical performance and game-specific skill measures were determined 

using Pearson's product-moment correlation coefficient. Statistical significance was 

set at P < 0.05 for all correlation analysis. Analyses were performed using SPSS 

(Version 15.0, Chicago, USA). All data are reported as the mean (± SD) unless 

otherwise stated. 

RESULTS 

Match time measures 

There were no differences in mean playing times between the two standards of 

competition for the first half (NRL vs. NSWPL: 40.1 ± 9.1 vs. 40.0 ± 6.8 min), 

second half (40.2 ± 9.3 vs. 36.9 ± 9.7 min) and total playing time (80.4 ± 16.1 vs. 

75.9 ± 15.0 min) (P > 0.01). The elite players spent 18.1 ± 4.4, 44.0 ± 5.5, 26.2 ± 3.2, 

and 88.2 ± 2.7% of total match time standing, walking, jogging and in LIR, 

respectively. This was similar to the time spent standing (17.6 ± 3.8%), walking 

(46.0 ± 4.3%), jogging (26.1 ± 2.7%) and in LIR (89.7 ± 2.5%) for the match for 

semi-elite players (P > 0.01). However, the elite players spent less time in LIR during 

the first half (87.4 ± 3.3%) than the semi-elite players (89.8 ± 2.7%) (P < 0.01). 

During the first half the elite players also performed more HIR and VHIR than the 

semi-elite players (Table 2; P < 0.01). The elite players spent on average 

3.9 ± 1.6 min between each sprinting bout for the match, which was similar to the 

semi-elite players (4.2 ± 1.9 min) (P > 0.01). Additionally, the mean time between 

repeated sprints was 7.7 ± 5.0 s and 9.3 ± 5.5 s, for an elite and semi-elite rugby 

league player, with a n1ean sprint duration of 2.1 ± 1.2 s and 2.0 ± 0.9 s, respectively. 
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Match frequency measures 

During the first half run- and fast-run rates were higher in elite players than semi-elite 

players (Table 2; P < 0.01). While there was no difference in the number of runs or 

fast runs completed per minute between the two standards of competition in the 

second half(P > 0.01; Table 3), the elite players completed a greater number ofruns 

per minute during the match than the semi-elite players (Table 4; P < 0.01). The 

range in the number of repeated-sprint bouts performed during elite and semi-elite 

rugby league matches was 0- 3 and 0- 1, with 3.0 ± 0.3 and 3.0 ± 0.4 sprints 

completed during a repeated-sprint bout, respectively. 
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Table 2: Differences in physical performance among National Rugby League and NSW Premier League players during the first half of rugby league matches. 

Variables National Rugby League Premier League Difference TEM P value 

(n = 39) (n = 35) mean value 95%CI 

Intensity of exercise (m· min- ) 

Total intensity of exercise 108.9 ± 1 0.6c 102.2 ± 9.8 6.7d 2.15 to 4.30 0.007a 

High-intensity running exercise 36.7 ± 9.8c 29.6 ± 7.8 7.1d 1.89 to 3.77 0.001 a 

Very high-intensity runn ing exercise 14.4±5.1c 11 .5 ± 3.8 2.9d 0.92 to 1.83 0.007a 

Runn ing exercise 22 .3 ± 5.7c 18.1 ±5.1 4.2d 1.42 to 2.83 0.001 a 

Fast running exercise 9.0 ± 3.5 7.1±2.4 1.9d 0.78 to 1.57 0.007a 

Sprinting exercise 5.4 ± 2.3c 4.5 ± 2.0 0.9d 0.43 to 0.85 0.058 

Time variables (%) 

Time spent at high-intensity running 12.6 ± 3. 3c 10.2 ± 2.7 2.4d 0.68 to 1.35 0.001 a 

Time spent at very high-intensity running 3.8 ± 1.3c 3.0 ± 1.0 0.8d 0.24 to 0.49 0.007a 

Time spent running 8.8 ± 2.2c 7.2 ± 2.0 1.6d 0.56to1.12 0.001 a 

Time spent fast running 2.6 ± 1.0 2.1±0.7 0.5d 0.23 to 0.45 0.008a 

Time spent sprinting 1.2 ± 0.5c 1.0 ± 0.4 0.2d 0.09to0.18 0.055 

Frequency (number·min-1) 

Total frequency 18.3±1 .9 17.5±1.7 0.8 0.49 to 0.97 0.074 

Running frequency 2.9 ± 0.7c 2.4 ± 0.5 0.5d 0 .1 4to0.29 0.001 a 

Fast running frequency 1.0 ± 0.4 0.8 ± 0.2 0.2d 0.08 to 0.16 0.006a 

Sprinting frequency 0.31 ± 0.13c 0.25 ± 0.11 0.06d 0.02 to 0.04 0.054 

Changes of speed (number·min-1
) 

Total accelerations 3.8 ± 0.8c 3.3 ± 0.7 0.5d 0.17to0.33 0.008a 

Total decelerations 3.7 ± 0.8c 3.2 ± 0.7 0.5d 0.16 to 0.31 0.003a 

a. significant difference to P < 0.01 (with pseudo-Bonferroni adjustment) between the two groups of players; c, significant difference to P < 0.01 between the first and 
second half variable; TEM, technical error of measurement; Cl, confidence interval; d' above the upper level of TEM 95% Cl. 
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Table 3: Differences in physical performance among N ational Rugby League and NSW Premier League players during the second half of rugby league matches. 

Variables National Rugby League Premier League Difference TEM P value 

(n = 39) (n = 35) mean value 95%CI 

Intensity of exercise (m·min-) 

Total intensity of exercise 103.6 ± 1 0.8c 104.4 ± 8.9 -0 .8 2.15 to 4.30 0.714 

High-intensity running exercise 32.5 ± 8.4c 30.9 ± 8.5 1.6 1.89 to 3.77 0.410 

Very high-intensity running exercise 12.2 ± 4.8c 11.6 ± 4.6 0.6 0.92 to 1.83 0.608 

Running exercise 20.3 ± 5.6c 19.2 ± 5.2 1.1 1.42 to 2.83 0.396 

Fast running exercise 7.8 ± 3.0 7.2 ± 2.9 0.6 0.78 to 1.57 0.428 

Sprinting exercise 4.4 ± 2.6c 4.4±2.1 0.0 0.43 to 0.85 0.976 

Time variables(%) 

Time spent at high-intensity running 11 .2 ± 2.9c 10.6 ± 2.8 0.6 0.68 to 1.35 0.370 

Time spent at very high-intensity running 3.2 ± 1.2c 3.0 ± 1.2 0.2 0.24 to 0.49 0.539 

Time spent running 8.0 ± 2.2c 7.6 ± 2.0 0.4 0.56to1.12 0.390 

Time spent fast running 2.3 ± 0.9 2.1 ± 0.8 0.2 0.23 to 0.45 0.386 

Time spent sprinting 0.9 ± 0.6c 0.9 ± 0.4 0.0 0.09to0.18 0.983 

Frequency (number·min-1
) 

Total frequency 17.9± 1.8 18.0 ± 1.4 -0.1 0.49 to 0.97 0.876 

Running frequency 2.6 ± 0.6c 2.5 ± 0.6 0.1 0.14 to 0.29 0.274 

Fast running frequency 0.9 ± 0.3 0.8 ± 0.3 0.1 0.08to0.16 0.185 

Sprinting frequency 0.25±0.13c 0.25±0.12 0.0 0.02 to 0.04 0.892 

Changes of speed (number·min-1
) 

Total accelerations 3.5 ± 0.8c 3.4 ± 0.7 0.1 0.17to0.33 0.480 

Total decelerations 3.4 ± 0.6c 3.3 ± 0.7 0.1 0.16 to 0.31 0.778 

c, significant difference to P < 0.01 between the first and second half variable; TEM, technical error of measurement; Cl, confidence interval. 
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Table 4: Differences in physical performance among National Rugby League and NSW Premier League players for the entire duration of rugby league matches. 

Variables National Rugby League Premier League Difference TEM P value 

(n = 39) (n = 35) mean value 95%CI 

Intensity of exercise (m·min-) 

Total intensity of exercise 106.0 ± 9.3 103.0 ± 8.1 3.0 2.15to4.30 0.139 

High-intensity running exercise 34.3 ± 7.9 30.1 ± 7.5 4.2d 1.89 to 3.77 0.019b 

Very high-intensity running exercise 13.1 ± 4.2 11 .5±3.7 1.6 0.92 to 1.83 0.088 

Runn ing exercise 21.2 ± 5.1 18.6 ± 4.7 2.6 1.42 to 2.83 0.021 b 

Fast running exercise 8.2 ± 2.6 7.1 ± 2.4 1.1 0.78 to 1.57 0.047b 

Sprinting exercise 4.9 ± 2.2 4.4± 1.6 0.5 0.43 to 0.85 0.333 

Time variables(%) 

Time spent at high-intensity running 11.8 ± 2.7 10.3 ± 2.5 1.5d 0.68 to 1.35 0.016b 

Time spent at very high-intensity running 3.4 ± 1.1 3.0 ± 1.0 0.4 0.24 to 0.49 0.075 

Time spent running 8.4 ± 2.0 7.3 ± 1.8 1.1 0.56to1 .1 2 0.020b 

Time spent fast running 2.4 ± 0.7 2.0 ± 0.7 0.4 0.23 to 0.45 0.047b 

Time spent sprinting 1.0 ± 0.5 1.0 ± 0.3 0.0 0.09 to 0.1 8 0.329 

Frequency (number·min-1
) 

Total frequency 18.1 ± 1.7 17.1±1.4 1.0d 0.49 to 0.97 0.303 

Running frequency 2.7 ± 0.6 2.4 ± 0.5 0.3d 0.14to0.29 0.009a 

Fast runn ing frequency 0.9 ± 0.3 0.8 ± 0.3 0.1 0.08 to 0.16 0.028b 

Sprinting frequency 0.3±0.1 0.3 ± 0.1 0.0 0.02 to 0.04 0.321 

Changes of speed (number·min-1
) 

Total accelerations 3.7 ± 0.7 3.4 ± 0.6 0.3 0.17to0.33 0.060 

Total decelerations 3.5 ± 0.6 3.2 ± 0.6 0.3 0.16to0.31 0.038b 

a. significant difference to P < 0.01 (with pseudo-Bonferron i adjustm-entfb-etWee-n-the t\No groups of players; b' significant difference to P < 0.05 between the two groups 
of players; TEM , technical error of measurement; Cl , confidence interval; d, above the upper level of TEM 95% Cl. 
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Match intensity of exercise 

The elite players ran at higher intensities for the first half than the semi-elite players 

(Table 2; P < 0.01). Elite players also showed a greater intensity for HIR and VHIR 

during the first half than the semi-elite players (Table 2; P < 0.01). The elite players 

showed a match intensity of 30.0 ± 4.1, 41.6 ± 5.4, and 71.7 ± 5.0 m·min-1 for 

walking, jogging and LIR, respectively, which was similar to the match intensity 

walking (31.7 ± 3.3 m·min-1
), jogging (41.2 ± 4.4 m·min-1

) and LIR (72.9 ± 4.7 

m·min-1
) for the match for semi-elite players (P > 0.01). Elite and semi-elite players 

had a similar exercise intensity during backward movement for the first half 

(8.3 ± 5.5 vs. 7.1 ± 4.8 m·min-1
), second half (8.2 ± 6.2 vs. 6.8 ± 4.5 m·min-1) and 

entire match (8.3 ± 5.7 vs. 6.9 ± 4.5 m·min-1
), respectively (P > 0.01). 

Match speed measures 

Figure 1 shows playing speed for the two standards of competition for the first half, 

second half and entire match. Elite players performed 3.2 ± 0.6 and 0.5 ± 0.2 

number·min-1 moderate and rapid accelerations, per minute of total playing time, 

respectively. Elite players also performed 3.1 ± 0.6 and 0.5 ± 0.2 number·min-1 

moderate and rapid decelerations per minute of playing time, respectively. This was 

similar to the number of moderate and rapid accelerations (2.9 ± 0.5 and 0.4 ± 0.2 

m·min-1), and moderate and rapid decelerations (2.8 ± 0.5 and 0.4 ± 0.2 m·min-1, 

respectively) completed per minute for the match for semi-elite players (P > 0.01). 

Elite players performed more total accelerations and deceleration actions per minute 

during the first half than semi-elite players (Table 2; P < 0.01). Elite players also 

completed more moderate deceleration actions per minute during the first half than 

semi-elite players (3.2 ± 0.7 vs. 2.8 ± 0.7 number·min-1
) (P < 0.01). 
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Figure 1: Mean running speed for National Rugby League (NRL; n = 39) and NSW 

Premier League (n = 35) for the first half, second half and entire duration 

of tugby league matches. a Significant difference between the two 

playing groups (P < 0.01; with pseudo-Bonferroni adjustment). 

c Significantly different from the first half for the elite players competing 

in the NRL (P < 0.01 ; with pseudo-Bonferroni adjustment). 

Match game-specific skill measures 

The elite players completed a higher number of support runs per minute than the 

semi-elite players during the first half, second half and match (Table 5; P < 0.01). 

There were no differences in any other game-specific skill measures for the first half, 

second half or match between the two standards of competition (P > 0.01). In 

addition, NRL match data demonstrated a moderate relationship between the number 

of supports performed per minute of total playing time to the intensity of VHIR 

(r = 0.59), fast run (r = 0.60) and sprint (r = 0.65) bouts completed per minute, the 

relative time spent at VHIR (r = 0.59) and the number of rapid acceleration actions 

completed per minute of total playing time (r = 0.48), respectively (all P < 0.001; 

n = 39). 
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Table 5: Differences in game-specific skill performance among National Rugby League and NSW Premier League players during the first 

half, second half and entire duration of rugby league matches . 

Variables National Rugby League Premier League Difference TEM P value 

(number·min-1} (n = 39} {n = 35) mean value 95%CI 

First half 

Carries 0.16 ± 0.09 0.16 ± 0.08 0.00 0.00 to 0.01 0.860 

Support runs 0.29±0.1 6 0.15±0.09 0.14d 0.01 to 0.02 o.oooa 
Touches of the ball 0.44 ± 0.35 0.45 ± 0.39 -0.01 0.01 to 0.03 0.904 

Play the ball 0.12 ± 0.07 0.12 ± 0.09 0.00 0.00 to 0.01 0.968 

Tackles made 0.26±0.1 8 0.30 ± 0.17 -0.04d 0.01 to 0.03 0.393 

Second half 

Carries 0.1 5±0.09 0.15±0.10 0.00 0.00 to 0.01 0.693 

Support runs 0.25±0.1 6 0.15 ± 0.08 0.10d 0.01 to 0.02 0.001 a 
Touches of the ball 0.42 ± 0.35 0.41 ± 0.34 0.01 0.01 to 0.03 0.820 

Play the ball 0.11 ±0.07 0.11±0.10 0.00 0.00 to 0.01 0.872 

Tackles made 0.23 ± 0.16 0.27 ± 0.16 -0.04d 0.01 to 0.03 0.332 

Match total 

Carries 0.15±0.08 0.15±0.08 0.00 0.00 to 0.01 0.928 

Support runs 0.27±0.14 0.15±0.07 0.12d 0.01 to 0.02 o.oooa 
Touches of the ball 0.43 ± 0.34 0.43 ± 0.35 0.00 0.01 to 0.03 0.981 

Play the ball 0.12 ± 0.06 0.12±0.08 0.00 0.00 to 0.01 0.798 

Tackles made 0.25±0.16 0.28 ± 0.16 -0.03 0.01 to 0.03 0.368 

a. significant difference toP< 0.01 (with pseudo-Bonferron i adjustment) between the two groups of players; 0, above the upper level of TEM 95% Cl. 
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DISCUSSION 

This study is the first to examme the differences in physical performance and 

game-specific skill involvement between elite and semi-elite rugby league 

competition. The results show that differences in physical and game-specific skill 

demands exist within a match between the two standards of competition. However, 

the overall physical match demands and game-specific skill involvement is similar 

between the two playing levels. Specifically, the elite players engage in more 

high-intensity activity during the first half as a result of supporting the ball carrier 

more. Due to the higher physical demands of the first half, the elite players' 

decreased total intensity of exercise and high-intensity activity during second-half 

match play. 

Results show that elite rugby league players perform at higher exercise intensities 

during the first half of a match than semi-elite players, primarily because of the 

increased intensity for HIR and VHIR. This is in agreement with research reporting 

greater total ( ~0.5 km) and HIR distances travelled by 18 European Champions 

League soccer players than 24 Danish soccer players of a less elite standard (Mohr, 

Krustrup, & Bangsbo, 2003). In this study greater intensity for HIR during the first 

half may be due to the higher number of supports completed by the elite players than 

semi-elite players. The increased number of support runs may also explain the 

increase in HIR bouts, as well as the acceleration and deceleration actions performed 

by the elite players. This is supported by the significant (albeit moderate) relationship 

found between high-intensity activity indices and support runs performed during the 

first half, second half and match. Overall, these results demonstrate that there is a 

greater physical demand placed on elite players during the first half of a match when 

compared to semi-elite players. 

While the elite players performed more high-intensity activity during the first half, 

the total amount of high-intensity activity performed during the match was similar 

between the two standards of competition. Moreover, the majority of physical 

performance measures taken during the second half and total match play showed no 
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difference between the two playing levels. This similarity in physical match demands 

may be due to the elite players reducing their total exercise intensity, performing less 

high-intensity activity and reducing acceleration actions during second-half 

match-play when compared to the first half. Conversely, no differences in physical 

performance were shown in the semi-elite players between the two halves. Although 

not significant, the semi-elite players increased their total intensity of exercise, 

performed more high-intensity activity and completed more total movement bouts 

during the second half than the first half. This is consistent with previous research 

showing total distance and high-intensity bouts to significantly decrease during 

second-half match-play in 18 top-class soccer players, while 24 moderate soccer 

players showed no decrease in the same physical performance measures during the 

second half (Mohr, Krustrup, & Bangsbo, 2003). Thus, it appears that the greater 

high-intensity demands placed on the elite rugby league players during first-half 

match-play may cause an earlier onset of physical fatigue and decrease performance 

during the second half. This may be related to factors such as dehydration, muscle 

glycogen depletion, inadequate resynthesis of ATP and PCr, and lowered pH, muscle 

lactate accumulation (Bangsbo, Iaia, & Krustrup, 2007). Alternatively, central factors 

of fatigue should not be discounted (Noakes, 2000). 

There has been an increased level of awareness of the importance of players being 

able to repeat brief duration sprints in a short period of time in team sports (Dawson, 

Fitzsimons, & Ward, 1993; Spencer et al., 2004). This is the first study to show that 

repeated-sprint bouts rarely occur during both elite and semi-elite rugby league 

competition with between 0-3 repeated-sprint bouts being observed during an 

individual match. This is similar to previous research reporting between 

0-4 repeated-sprint bouts, depending on playing position, to occur during an 

international field hockey game for 14 Australian representative male field hockey 

players (Spencer et al., 2004). The rarity of repeated-sprint bouts during elite and 

semi-elite rugby league match play may be due to the nature of the game, or team 

tactics which can restrict the amount of pitch area that a player has to accelerate into 

before coming into contact with or being slowed down by an opposing player. 
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However, despite the low occurrence of repeated-sprint bouts in rugby league, these 

events may occur at critical times in attack or defence during a match (Spencer et al. , 

2004). Furthermore, when defending, repeated-sprint efforts may occur between 

successive tackles or collisions, possibly increasing the physical cost. Therefore, we 

recommend that rugby league players train for repeated high-intensity efforts 

involving game-specific skills such as hit-ups, support runs or tackling to prepare 

physically for the worst-case scenario during a rugby league match at all standards of 

competition. 

While high physical effort is likely to contribute to a successful match performance, 

overall performance is also determined by the game-specific skill involvement and 

abilities of the players (Gabbett, 2007). The present results show that the elite players 

support the ball carrier on more occasions compared to the semi-elite players during a 

match. This is most likely due to the higher match speed and greater game-specific 

skill ability of the NRL competition, which may require the elite players to provide 

more decoy runners and ball movement in order to try to break the defensive line. 

While no studies have examined differences in game-specific skill abilities between 

the two playing levels, previous research has reported that with the introduction of the 

10-m defensive rule, elite rugby league players are running more in support of the 

ball carrier, due to a greater amount of space and ball movement within an attacking 

team (Meir, Colla, & Milligan, 2001). Conversely, different styles of coaching or 

team tactics between the two standards of competition may also explain the difference 

in the number of support runs performed. Additionally, it should be noted that no 

differences existed in any other game-specific skill involvement during rugby league 

match play between the two standards of competition. These results demonstrate that 

very little variation exists in the amount of game-specific involvement during a match 

between the two playing levels. However, we recommend that semi-elite players 

train to increase their ability to support the ball carrier, according to the team's style 

of play. 
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An understanding of the limitations of time-motion studies may help minimise the 

incorrect use of physical and game-specific skill match data in a practical setting 

(Dobson & Keogh, 2007). A limitation of this study was that all rugby league players 

analysed were from the same NRL club. Inherently, training structures and coaching 

styles may vary between clubs, which may in turn affect the physical and game-

specific skill activities performed during a match. Thus, the generalisability of results 

may be restricted to the NRL club used in this study, and may not be indicative of 

other NRL clubs. However, the results of this study do serve the purpose of adding 

new knowledge to previous research conducted nearly a decade ago (Meir, Arthur, & 

Forrest, 1993; Meir, Colla, & Milligan, 2001). In addition, the bias associated with 

one player analysed per game and differences between individual matches, possibly 

due to varying team tactics, also need to be acknowledged as a potential limitation 

(Dobson & Keogh, 2007; Meir, Arthur, & Forrest, 1993). However, the use of 

39 NRL and 35 NSWPL match samples may provide an acceptable representation of 

elite and semi-elite rugby league competition, respectively (O'Donoghue, 2004). 

Another limitation is the systematic error incorporated with CBT (Burgess, Naughton, 

& Norton, 2006). It has been suggested that time-motion results need to be 

interpreted in conjunction with the error of measurement to identify 'real ' differences 

(Sirotic & Coutts, 2007, 2008). We have reported the measurement etTor of all 

physical and game-specific skill measures in this study so that 'real' differences, 

independent of systematic error, may be determined. 

CONCLUSION 

This study is the first to describe the physical performance and game-specific skill 

involvement in elite and semi-elite rugby league competition. The results show that 

while the two standards of competition have a similar game-specific skill 

involvement and physical demand placed on them during a rugby league match, 

variations do exist within a match between the two playing levels. The higher 

physical demand placed on the elite rugby league players during the first half may 

cause a reduction in physical performance during second-half match play. Future 

studies need to investigate the effect offirst-halfhigh-intensity activity on subsequent 

134 



second-half physical performance amongst elite rugby league players. Additionally, 

the effects of the level of success (i.e., most successful vs. less successful teams) on 

both technical and physical performance at the elite level should also be investigated. 

Given the likely crucial time when repeated-sprint bouts occur, we suggest that rugby 

league players train their repeated-sprint ability involving game-specific skills, such 

as hit-ups, support runs or tackling, to prepare physically for the worst-case scenario 

during a rugby league match. 
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ABSTRACT 

The purpose of this study was to examine the differences in physical performance and 

game-specific skill demands between five positional groups in an elite rugby league 

team. Positional groups consisted of the backs (n = 8), forwards (n = 8), full-back 

(n = 7), hooker (n = 8) and service players (n = 8). Time-motion analysis was used to 

determine physical performance measures (intensity of exercise/distance, time, 

frequency, and speed measures) and game-specific skill measures (ball carries, 

supports, ball touches, play the balls and tackling indices) per minute of playing time. 

The main finding was that the full-back completed more very-high intensity running 

due to more support runs when compared to all other positional groups (P < 0.05). 

Very high-intensity running and sprinting indices were also greater in the second half 

of a match for the full-back than any other positional group (P < 0.05). The hooker 

spent more time jogging than the backs and forwards (P < 0.05) and touched the ball 

on more occasions than any other positional group (P < 0.05). The backs spent more 

time walking than the forwards, hooker and service players (P < 0.05). The forwards, 

hooker and service players completed more tackles per minute during a match than 

the backs and forwards (P < 0.05). The full-back and forwards also ran the ball on 

more occasions than the backs, hooker and service players (P < 0.05). These results 

show that positional roles play an important part in determining the amount of 

physical and game-specific skill involvement during match play. 

Key Words: Match analysis, position-specific, game-specific skill involvement, 

high-intensity activity. 
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INTRODUCTION 

Time-motion analysis IS a non-mvasiVe method of quantifying the physical and 

game-specific movement patterns of team sports. Recently, time-motion analysis has 

been used to determine the physical demands of different positional roles in a range 

of professional team sports, including soccer (Mohr, Krustrup & Bangsbo, 2003; 

Rampinini, Coutts, Castagna, Sassi & Impellizzeri, 2007), Australian Football League 

(Dawson, Hopkinson, Appleby, Stewart, & Roberts, 2004), rugby union (Deutsch, 

Kearney, & Rehrer, 2007; Duthie, Pyne, & Hooper, 2005) and field hockey (Spencer 

et al., 2004). However, there is a lack of information regarding the physical and 

game-specific skill demands of professional rugby league. 

Previous time-motion studies have examined the demands of rugby league by 

examining the physical and technical requirements of two positional groups, forwards 

and backs (Meir, Arthur, & Forrest, 1993; Meir, Colla, & Milligan, 2001). These 

earlier studies reported differences in both physical movement and technical 

skill-involvement between forwards and backs during match play at the elite level 

(Meir, Arthur, & Forrest, 1993; Meir, Colla, & Milligan, 2001). However, these 

previous studies did not provide a detailed analysis on the demands of several specific 

playing positions such as the hooker, full-back and service players (i.e., half-back, 

five-eighth and lock). Since there is little information describing the physical and 

game-specific skill demands of these playing positions in elite rugby league, there is a 

need for further detailed match analysis. 

Rule changes may also have changed the physical and game-specific skill 

requirements of elite rugby league players. Indeed, previous studies have shown that 

rule changes (i.e., the introduction of the 10-m rule) have affected the physical 

movement and technical skill-involvement of forwards and backs, altering the 

distances covered and time spent at high-intensities (Meir, Arthur, & Forrest, 1993; 

Meir, Colla, & Milligan, 2001). However, since the re-introduction of the limited 

interchange rule in 2001, no studies have investigated the physical and game-specific 

ski ll demands of positional roles in elite rugby league. It is hypothesised that the 
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introduction of the limited interchange rule may increase physical demands and alter 

game-specific skill involvement, possibly forcing elite rugby league players, 

depending on position, to compete in a fatigued state. Therefore, the purpose of this 

study was to analyse the physical and game-specific skill match demands of five 

positional groups (i.e., backs, forwards, full-back, hooker and service players) during 

elite rugby league match play. 

METHODS 

Subjects 

Video analysis was performed on 17 elite (mean± SD; age= 24.8 ± 3.1 y, body mass 

= 95.7 ± 8.1 kg, height= 1.84 ± 0.05 m) rugby league players during 16 official 

National Rugby League (NRL) matches in Australia. All players were from the same 

NRL club (Parramatta Eels) and were video monitored at the club's home ground 

over two seasons (2004-2005). During each match either two or three playing 

positions were filmed, each from a different positional group: 

• Backs: winger and centre (n = 8) 

• Forwards: prop and second row (n = 8) 

• Full-back: (n = 7) 

• Hooker: (n = 8) 

• Service players: half-back, five-eighth and lock (n = 8). 

The positional groups were chosen in consultation with coaching staff during 

observation of previous NRL matches. The full-back and hooker were analysed 

separately, due to their unique roles. Prior intention to video-record a playing 

position was not made known to any player and players were randomly chosen by the 

video camera operator. Informed consent was voluntarily obtained from all players 

prior to the commencement of the study. Ethical approval was granted by the 

University Human Research Ethics Committee for all experimental procedures. 
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Video procedures 

The video procedures used in this study have been described (Sirotic & Coutts, 2008). 

Video-monitoring was recorded using standard video cameras (Panasonic NV-DX100 

and JVC GR-DVL 9800 digital video cameras) by a trained video camera operator. 

During video-recording, the player who started in the position to be monitored was 

videotaped until this player left the ground through substitution. The camera 

remained filming this player on the interchange bench until the player returned to the 

field. If a selected player being video monitored was replaced due to injury, sent 

from the field for rule indiscretion, or changed playing position, then that player' s 

match was not analysed. 

Physical match analysis 

Physical match analysis was performed by a trained operator, using a computer-based 

tracking (CBT) system (Trak Performance version 2.2, SportsTec Pty Ltd., Sydney, 

Australia) according to previous methods (Sirotic & Coutts, 2008). Analysis of 

physical match activities was determined using the following movement categories 

based on previous time-motion data (Rampinini, Coutts, Castagna, Sassi, & 

Impellizzeri , 2007): 

1. Standing (0- 1.0 km·h .. 1); 

2. Walking (1.1 - 7.0 km·h-1
); 

3. Jogging (7.1-13.0 km·h-1
); 

4. Low-intensity running (LIR; running speed< 13.1 km·h-1
); 

5. High-intensity running (HIR; running speed> 13.1 km·h-1); 

6. Very high-intensity running (VHIR; running speed> 18.6 km·h-1); 

7. Sprinting(> 24.0 km·h-1
); and, 

8. Backward movement (a computer keyboard stroke was applied when a player 

started and completed a movement in a backward direction). 
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Match performance measures 

The relative time, intensity of exercise, mean duration and distance, and frequency of 

each movement were calculated and totalled for the first half, second half and match. 

Additionally, the mean times between sprints, mean playing speed and changes in 

speed (acceleration and deceleration) were also determined. Changes in speed were 

calculated according to methods of Sirotic et al. (2008). High-Intensity to 

low-intensity ratio was calculated according to methods of Coutts et al. (2000). Due 

to player interchange, measures of exercise intensity, frequency and changes in speed 

were expressed per minute of playing time. 

Effect of first-half activity on the second half 

The effect of first-half physical activity on second-half physical performance was 

examined according to previous methods (Rampinini, Coutts, Castagna, Sassi, & 

Impellizzeri, 2007). The median split technique was used to divide NRL match data 

(n = 39) for first-half total intensity of exercise into either a high group (i .e., total 

intensity of exercise was above the median score) or low group (i.e. , total intensity of 

exercise was below the median score). Analyses were then perfonned to investigate 

whether high or low total exercise intensity during the first half affected the total 

intensity of exercise during the second half. The same procedure was also performed 

on first-half HIR exercise data. 

Game-specific skill match analysis data 

Game-specific skill data from each positional group (n = 39) was manually coded by 

a trained operator from video replays of recorded matches. To improve reliability, 

the game-specific skill data was analysed separately from the physical performance 

data. The number of involvements for offensive and defensive skills were determined 

per minute of playing time for the first half, second half and match. 
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Offensive skill measures 

Offensive game-specific skills were defined according to previous methods (Sirotic, 

Coutts, Knowles, & Catterick, 2008) and included the following: 

• Ball carry: a player in possession of the ball travelled a distance of greater 

than two steps in any direction. 

• Support run: an offensive movement performed close to a ball runner with the 

intention of receiving the ball or drawing a defender away from the ball 

runner in an effort to promote the ball toward the opposition's goal line. 

• Touch of the ball: a single period of time during which a player was in contact 

with the ball before the ball is released. 

• Play the ball: a tackled player rose to his feet and played the ball backwards 

with a striking action. 

Defensive skill measures 

Defensive game-specific skills were defined according to previous methods (Sirotic, 

Coutts, Knowles, & Catterick, 2008) and included the following: 

• Tackle: a player engaged in physical contact with an opponent in an effort to 

stop the opponent from prmnoting the ball toward the player's goal line. 

• Tackle (one on one): a tackle was made by one player without the assistance 

of any other player. 

• Tackle win: the effectiveness of a tackle to allow a defensive player involved 

in the tackle to be on-side before an opponent has played the ball and usually 

involves a high level of physical exertion. If the defensive player returned to 

an onside position simultaneously to when the ball was played, this was 

regarded as a neutral tackle and was not recorded. 

• Tackle loss: the opposing team cleared the play-the-ball area before the 

defensive player involved in the tackle returned to an on-side position. 
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Reliability 

The reliability of the physical and game-specific skill analysis methods used in this 

study has been described (Sirotic & Coutts, 2008; Sirotic, Coutts, Knowles, & 

Catterick, 2008). The reproducibility of physical performance measures ranged from 

good-to-poor (1.0- 12.9 percentage of technical error of measurement (TEM%)). The 

reliability of game-specific skill measures was good (3.9-4.8 TEM%). To identify 

'real ' differences in physical and game-specific skill measures between positional 

groups, the absolute TEM with 95% confidence intervals (TEM 95% Cl) were 

calculated according to previous methods (Sirotic, Coutts, Knowles, & Catterick, 

2008). 

STATISTICAL ANALYSES 

Data were tested for normality and homogeneity using the Shapiro-Wilks statistic, 

and Levene's Test for equality in variances, respectively. A one-way between-groups 

ANOV A was used to determine differences in physical performance and 

game-specific skill measures between the five positional groups for the first half, 

second half and match. If significant main effects were found, Bonferroni post-hoc 

analysis was performed. Differences in physical perforrnance and game-specific skill 

measures between the first and second half for the five positional groups were 

determined using Student's paired t-test. Due to the use of multiple t-tests, a 

Bonferroni adjustment was applied to each dependent variable group (i .e., time, 

intensity of exercise/distance, frequency, speed, and game-specific skill measures). 

Thus, statistical significance was set at an alpha level of 0.01 (P < 0.05/5). A 

two-way 2 x 2 factorial ANOVA was used to examine the effect of total and HIR 

intensity of exercise during the first half on subsequent second-half match exercise 

intensities. The between-subject factor (first-half intensity of exercise) included two 

groups (i.e., high and low group), while the within-subject factor (time) included two 

halves (i.e., first and second half). When a significant interaction was found 

(i.e., first-half intensity of exercise x time) Student 's paired t-test and unpaired t-test 

were applied to determine differences between halves and the two groups, 

respectively. Effect sizes (d) were also calculated and values of 0.2, 0.5 and above 
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0.8 were considered to be small, moderate and large effects, respectively 

(Cohen, 1977). Relationships between physical performance and game-specific skill 

measures were determined using Pearson 's correlation coefficient. Statistical 

significance was set at P < 0.05 and all data are reported as the mean ± SD unless 

otherwise stated. Analyses were performed using SPSS (Version 15.0, Chicago, 

USA). 

RESULTS 

Performance measures 

Table 1 shows the intensity of exercise and mean distance travelled during each 

movement category for the entire match for the five positional groups. Table 2 shows 

the total playing time as well as frequency per minute of playing time and mean 

duration for each movement category performed during a match by each positional 

group. High-intensity to low-intensity ratio for the match was similar between the 

backs, forwards, full-back, hooker and service players (1 :9.5, 1 :7.2, 1 :7.3, 1:7.6 and 

1:7.9, respectively; P > 0.05). Likewise, there was no difference in the mean match 

playing speed between the backs, forwards, full-back, hooker and service players 

(6.1 ± 0.4, 6.4 ± 0.6, 6.7 ± 0.6, 6.7 ± 0.6 and 6.4 ± 0.5 km·h-1
, respectively; P > 0.05). 

While there was no difference in total intensity of exercise between any of 

the positional groups (Table 1; P > 0.05), the intensity of exercise during 

backward movement was greater in the full-back than any other positional group 

(Table 1; P < 0.001). 
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Table 1: Differences in match exercise intensity and distance measures between the five positional groups (n = 39; mean± SD). 

Backs Forwards Full-back Hooker Service TEM Main Effect 

Movement Variable (n = 8) (n = 8) (n = 7) (n = 8) (n = 8) 95%CI P value 

Total exercise intensity (m·min-1
) 100.4 ± 6.7 105.4 ± 10.7 110.3 ± 9.5 110.1±9.2 105.3 ± 9.0 2.2 to 4.3 p = 0.261 

Backward Exercise intensity (m·min-1) 6.5 ± 2.2d 5.3 ± 1.1d 19.1 ± 4.2b.c,e,f 4.6 ± 2.0d 7.2 ± 2.0d 0.8 to 1. 7 P < 0.001 8 

Mean distance (m) 3.9 ± 0.3d 3.6 ± 0.4d 5.4 ± 0.4b,c,e,f 3.7 ± 0.4d 3.8 ± 0.3d 0.8 to 1.5 P < 0.001 8 

Sprinting Exercise intensity (m·min-1
) 5.4 ± 1.8 4.7 ± 1.3 7.1 ± 3.0e.f 3.5 ± 2.0d 3.9 ± 0.9d 0.4 to 0.9 P = 0.0088 

Mean distance (m) 20.1 ± 3.7 19.1 ± 4.9 16.0±1.7 16.8±1.6 17.9 ± 3.5 0.9 to 1.9 p = 0.108 

Maximum distance (m) 48.9±11.0 44.9 ± 14.6 41.9±9.2 36.2 ± 10.0 43.5 ± 9.0 3.0 to 6.0 P=0.141 

VHIR Exercise intensity {m·min-1
) 12.7±2.9 13.3 ± 1.6 17.5 ± 4.6e,f 11.3 ± 5.8d 11.2 ± 2.3d 0.9 to 1.8 P=0.0178 

Mean distance (m) 12.0 ± 0.8 11.5±1.2 10.7 ± 0.5 10.9 ± 0.7 11 .1 ± 1.1 0.6 to 1.2 p = 0.061 

HIR Exercise intensity (m·min-1
) 29.6 ± 5.6 36.9 ± 6.6 37.5 ± 7.2 35.2 ± 11.8 32.9 ± 5.8 1.9 to 3.8 p = 0.269 

Mean distance (m) 9.2 ± 0.5d,e 9.1 ± 0.2 8.6 ± 0.3b 8.6 ± 0.3b 8.6 ± 0.4 0.3 to 0.5 P = 0.0038 

LIR Exercise intensity (m·min-1
) 70.8 ± 5.9 68.6 ± 4.7 72.8±3.1 73.9 ± 5.2 72.4 ± 4.9 1.4 to 2.9 p = 0.249 

Mean distance (m) 6.3 ± 0.6 5.7 ± 0.2 6.0 ± 0.3 5.7 ± 0.5 5.9 ± 0.4 0.2 to 0.4 p = 0.052 

Jogging Exercise intensity (m·min-1 ) 36.3 ± 3.6e,f 40.3 ± 5.0e 40.2 ± 3.3e 47.2 ± 2.5b,c,d 44.1 ± 5.0b 1.5 to 3.0 P < 0.001 8 

Mean distance (m) 6.6 ± 0.3e 6.7 ± 0.2 6.7 ± 0.3 7.3 ± 0.5b 7.2 ± 0.5 0.3 to 0.5 P = 0.0048 

Walking Exercise intensity {m·min-1
) 34.6 ± 3.8c,e,f 28.3 ± 2.3b 32.6 ± 1.3e 26.7 ± 3.9b 28.3 ± 2.5b,d 0.8to1.7 P < 0.001 8 

Mean distance (m) 5.9 ± 0.8c,e,f 4.7 ± 0.5b 5.4 ± 0.4e 4.2 ± 0.5b 4.7 ± 0.6b,d 0.2 to 0.5 P < 0.001 8 

8
, One-way ANOVA significant main effect (P < 0.05); 6, significantly different from backs (Bonferroni post hoc; P < 0.05) and difference above the upper level 

of TEM 95% Cl ; c, significantly different from forwards (P < 0.05) and difference above the upper level of TEM 95% Cl; d, significantly different from fullback 
(P < 0.05) and difference above the upper level of TEM 95% Cl; e, significantly different from hooker (P < 0.05) and difference above the upper level of TEM 
95% Cl; r, significantly different from service players (P < 0.05) and difference above the upper level of TEM 95% Cl; VHIR, very high-intensity running; HIR, 
high-intensity running; LIR, low-intensity running; TEM, technical error of measurement; Cl, confidence interval; n, number. 
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Table 2: Differences in match time and frequency measures between the five positional groups (n = 39; mean± SD). 

Backs Forwards Full-back Hooker Service TEM Main Effect 

Movement Variable (n = 8) (n = 8) (n = 7) (n = 8) (n = 8) 95% Cl P value 

Total playing time (min) 85.2 ± 9.7 72.0 ± 22.0 88.1 ± 4.0 72.5 ± 17.3 84.9 ± 15.9 2.2 to 4.3 P=0.129 

Total frequency (n·min-1) 16.5±1.4e 18.2 ± 1.5 18.3±1.8 19.2±1.9b 18.1 ± 1.6 0.5 to 1.0 P = 0.020a 

Sprinting Frequency (n·min-1
) 0.27±0.10 0.24 ± 0.04d 0.43 ± 0.16c,e,f 0.21 ± 0.12d 0.22 ± 0.07d 0.02 to 0.04 P = 0.001a 

Mean duration (s) 2.6 ± 0.4 2.4 ± 0.5 2.1 ± 0.2 2.2 ± 0.2 2.3 ± 0.4 0.1 to 0.2 p = 0.108 

Maximum duration (s) 5.9 ± 1.1 5.5 ± 1.5 4.9±1.1 4.4 ± 1.1 5.1 ± 1.1 0.4 to 0. 7 P=0.141 

VHIR Frequency (n ·min-1
) 1.1±0.3d 1.2 ± 0.2 1.7 ± 0.4b,e,f 1.0 ± 0.5d 1.0 ± 0.2d 0.1 to 0.2 P = 0.007a 

Mean duration (s) 1.9±0.1d 1.8±0.1 1.6±0.1b 1.7±0.1 1.8 ± 0.2 0.1 to 0.2 P = 0.006a 

HIR Frequency (n ·min-1
) 3.2 ± 0.6 4.1 ± 0.7 4.4 ± 0.8 4.1 ± 1.3 3.8 ± 0.7 0.2 to 0.4 P=0.113 

Mean duration ( s) 1.9±0.1d 1.9±0.1d 1.7 ± 0.1b,c,e 1.9±0.1d 1.8±0.1 0.08 to 0.17 P = 0.050a 

LIR Frequency (n·min-1
) 13.3 ± 0.8e 14.2 ± 0.9 14.0 ± 0.5 15.2 ± 0.9b 14.2±1.0 0.4 to 0.8 P = 0.002a 

Mean duration (s) 4.1 ± 0.3e 3.7 ± 0.3 3.8 ± 0.2 3.5 ± 0.3b 3.7 ± 0.4 0.1 to 0.2 P = 0.011 a 

Jogging Frequency (n·min-1
) 5.5 ± 0.4e 6.0 ± 0.6 6.1 ± 0.4 6.5 ± 0.5b 6.2 ± 0.6 0.2 to 0.4 P = 0.008a 

Mean duration (s) 2.5 ± 0.2 2.5 ± 0: 1 2.6 ± 0.1 2.7 ± 0.2 2.7 ± 0.2 0.1 to 0.2 p = 0.054 

Walking Frequency (n ·min-1) 5.9 ± 0.3e 6.0 ± 0.3 6.0 ± 0.3 6.4 ± 0.4b 6.1 ± 0.4 0.2 to 0.4 P = 0.029a 

Mean duration (s) 5.2 ± 0.6c.e,f 4.2 ± 0.4b 4.6 ± 0.3e 3.7 ± 0.4b,d 4.2 ± 0.5b 0.2 to 0.4 P < 0.001a 

Standing Frequency (n·min-1
) 2.0 ± 0.3 2.2 ± 0.1 1.9 ± 0.3 2.2 ± 0.2 2.0 ± 0.2 0.1 to 0.2 p = 0.054 

Mean duration (s) 5.0 ± 1.2 5.7 ± 1.4 4.9 ± 0.5 5.1 ± 0.7 5.6 ± 1.2 0.3 to 0.6 p = 0.409 

a. One-way ANOVA significant main effect (P < 0.05); 6, significantly different from backs (Bonferroni post hoc; P < 0.05) and difference above the upper level of 
TEM 95% Cl; c. significantly different from forwards (P < 0.05) and difference above the upper level of TEM 95% Cl; d, significantly different from full-back ' 
(P < 0.05) and difference above the upper level of TEM 95% Cl; e. significantly different from hooker (P < 0.05) and difference above the upper level of 
TEM 95% Cl; t. signi·flcantly different from service players (P < 0.05) and difference above the upper level of TEM 95% Cl; VHIR, very high-intensity running ; 
HIR, high-intensity running; LIR, low-intensity running ; TEM, technical error of measurement; Cl, confidence interval; n, number. 
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High-intensity match activities 

Figure 1 shows the relative time spent sprinting, VHIR, HIR and mean time between 

sprints for the entire match for the five positional groups. The full-back performed 

more VHIR bouts per minute of total playing time than any other positional group 

(Table 2; P = 0.007). Both the intensity of exercise (Table 1; P = 0.008) and relative 

time spent (Figure 1; P > 0.05) at VHIR and sprinting were greater for the full-back 

than the hooker and service players. The full-back completed more rapid 

accelerations per minute for the match than the backs and service players 

(0.7 ± 0.3 vs. 0.5 ± 0.3, and 0.4 ± 0.1 n·min·1, respectively; P = 0.007). The full-back 

(149 ± 63 s) also had a lower mean recovery time between sprints than the hooker 

(284 ± 113 s), which was outside the upper limit ofTEM 95% CI (19 to 37 s). 
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Figure 1: Relative time spent {A) sprinting, (B) very high-intensity running (VHIR), 

and (C) high-intensity running (HIR), as well as mean recovery time 

between sprinting (D) for the five positional groups during rugby league 

match-play (n = 39). d Significantly different from full-back (P < 0.05). 

e Significantly different from hooker (P < 0.05). r Significantly different 

from service players (P < 0.05). d, e, f Difference above the upper level of 

TEM 95% CI (Sirotic & Coutts , 2008). 
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Low-intensity match activities 

The backs spent the most time walking during a match, which was greater than the 

forwards, hooker and service players (50.7 ± 4.2 vs . 41.6 ± 2.9, 39.3 ± 4.8 and 

41.8 ± 3.7%, respectively; P < 0.001). In addition, the hooker spent a greater amount 

of time jogging than the backs and forwards (29 .3 ± 1. 7 vs. 23.1 ± 2.3 and 

25.1 ± 2.8o/o, respectively; P < 0.001). The service players also spent more time 

jogging than the backs (27.6 ± 3.0 vs. 23.1 ± 2.3%; P < 0.001). There were no 

differences in relative time spent standing for the backs, forwards, full-back, hooker 

and service players (16.2 ± 5.0, 20.5 ± 5.0, 15.5 ± 3.0, 18 .9 ± 3.3 and 19.0 ± 4.1 %, 

respectively; P > 0.05). When combined, there were no differences in relative time 

spent in LIR for the match between the backs (90.1 ± 2.0%), forwards (87.2 ± 2.5%), 

full-back (87.7 ± 2.2%), hooker (87.5 ± 3.9%) and service players (88.4 ± 2.0%) 

(P > 0.05). However, the hooker performed more LIR bouts per minute of total 

playing time than the backs (Table 2; P > 0.05). 

First half and second half activities 

Table 3 shows the intensity of exercise, relative time spent, and frequency of 

sprinting and VHIR, as well as changes in speed for the first and second half between 

the five positional groups. The full-back had a higher intensity for VHIR during the 

second half than any other positional group (Table 3; P = 0.004). The full-back also 

had a higher sprinting intensity during the second half than the forwards, hooker and 

service players (Table 3; P = 0.002). 
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Table 3: Differences in exerci se intensity and frequency measures in the first hal f and second half between the five positional groups (n =39; mean ± SD) . 

Backs Forwards Full-back Hooker Service TEM Main Effect 

Variable Half (n = 8) (n = 8) (n = 7) (n = 8) (n = 8) 95%CI P value 

Sprinting exercise First 6.1 ±2.4 6.0 ± 2.3 6.6 ± 2.6 4.0 ± 2.4 4.8 ± 1.4 0.4 to 0.9 p = 0.175 

(m·min-1) Second 4.7 ± 1.8 3.6 ± 1.3d 7.6 ± 3.5c,e,f 3.6 ± 2.5d 3.0 ± 1.2d 0.4 to 0.9 P = 0.002a 

Time spent sprinting First 1.3 ± 0.5 1.3 ± 0.4 1.4 ± 0.6 0.9 ± 0.5 1.0 ± 0.3 0.1 to 0.2 p = 0.198 

(%) Second 1.0 ± 0.4 0.8 ± 0.2d 1.6 ± 0. 7c,e.f 0.8 ± 0.5d 0. 7 ± 0.2d 0.1 to 0.2 P = 0.002a 

Sprinting frequency First 0.3 ± 0.1 0.3 ± 0. 1* 0.4 ± 0.2 0.3 ± 0.2 0.3 ± 0 .1 0.02 to 0.04 p = 0.084 

(n ·min-1) Second 0.2 ± 0. 1d 0.2 ± 0.1 d 0.5 ± 0.2b,c,e,f 0.2 ± 0.2d 0.2 ± 0 .1d 0.02 to 0.04 P = 0.001 a 

VH I R exercise First 14.0 ± 4.3 15.4 ± 3.0 16.9± 4.1 14.0 ± 8.7 12.0 ± 3.1 0.9 to 1.8 p = 0.435 

(m ·min-1) Second 11.4 ± 2.4d 11.4 ± 1.4d 18.1 ± 5.5b,c,e.f 10.5 ± 6.6d 10.3 ± 2.2d 0.9 to 1.8 P = 0.004a 

Time spent at VH IR First 3.6 ± 1.1 4.0 ± 0.7 4.4 ± 1.0 3.8 ± 2.4 3.1 ± 0.9 0.2 to 0.5 p = 0.460 

(%) Second 3.0 ± 0.6d 3.1 ± 0. 5 4 .7 ± 1.3b,e,f 2.8 ± 1. 7d 2.8 ± 0 .5d 0.2 to 0.5 P = 0.007a 

VHIR frequency First 1.2 ± 0.4 1.3 ± 0.3 1.6 ± 0.4 1.3 ± 0.9 1.0 ± 0.3 0.1 to 0.2 P=0.212 

(n·min-1) Second 1.0 ± 0.3d 1.1±0.2d 1.7 ± 0.5b,c,e.f 1.0 ± 0.6d 1.0 ± 0. 3d 0.1 to 0.2 P = 0.003a 

Rapid Acceleration First 0.4 ± 0.2 0.6 ± 0.1* 0.8 ± 0.3f 0 .5 ± 0.4 0.4 ± 0.1d 0.1 to 0.2 P = 0.040a 

(n·min-1) Second 0.4 ± 0.2d 0.4 ± 0.1 0.7 ± 0.3b.f 0.5 ± 0.3 0.4 ± 0 .1d 0.1 to 0.2 P = 0.020a 

Rapid Decelerations Fi rst 0.5 ± 0.1 * 0.6 ± 0.2* 0.7 ± 0.2 0.5 ± 0.2 0.4 ± 0.1 0.05 to 0.09 P = 0.035a 

(n·min-1) Second 0.3 ± 0.1d 0 .3 ± 0.1d 0.7 ± 0.3b,c,e,f 0.3 ± 0.2d 0.3 ± 0.1d 0.05 to 0.09 P < 0.001 a 

a. One-way ANOVA significant main effect (P < 0.05); 6, significantly different from backs (Bonferroni post hoc; P < 0.05) and difference above the upper level 
of TEM 95% Cl; c. significantly different from forwards (P < 0.05) and difference above the upper level of TEM 95% Cl; d, significantly different from full-back (P 
< 0.05) and difference above the upper level of TEM 95% Cl; e. significantly different from hooker (P < 0.05) and difference above the upper level of TEM 95% 
Cl ; t. sign ificantly different from service players (P < 0.05) and difference above the upper level of TEM 95% Cl; ·, significantly different between first and 
second halves (P < 0.01 with pseudo-Bonferroni adjustment); VH IR, very high-intensity running; HIR, high-intensity running ; TEM, technical error of 
measurement; Cl, confidence interval; n, number. 
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Effect of first-half activity on the second half 

A significant interaction was found between the high- and low-group first-half 

intensity of exercise x time (Figure 2). Players who had a greater total intensity of 

exercise or intensity for HIR for the first half (high group) decreased their total or 

HIR exercise during the second half (Figure 2; P < 0.05). Conversely, players who 

had a lower total intensity of exercise or intensity for HIR during the first half 

(low group) did not show a decrease in total or HIR exercise during the second half 

(Figure 2; P > 0.05). Effect sizes were also very large for total intensity of exercise 

(d = 1.1) and small for HIR exercise (d = 0.2). 
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Figure 2: Effect of (A) total intensity of exercise and (B) high-intensity exercise during 

the first half on second-half intensity of exercise measures. A group x time 

interaction was found for both physical performance variables (P < 0.05). 

High represents the players who had the greatest total intensity of exercise 

and high-intensity exercise for the first half above the median value of pooled 

data (n = 19); Low represents the players who had the lowest total intensity 

of exercise and high-intensity exercise during the first half below the median 

value of the pooled data (n = 19). # Significantly different between high 

group and low group (P < 0.05). * Significantly different between first and 

second half (P < 0.05) and difference between halves above the upper level of 

TEM 95% CI (Sirotic & Coutts, 2008). 
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Game-specific skill measures 

Table 4 shows the game-specific skill involvement per minute of total playing time 

for the five positional groups. The number of tackles made per minute of total 

playing time was greater for the forwards, hooker and service players than the backs 

and full-back (Table 4; P < 0.001). There was no difference in the range of 

one-on-one tackles performed during a match for backs (0-2), forwards (0-2), 

full-back (0-3), hooker (0-1) and service players (0-4), respectively (P > 0.05). The 

hookers touched the ball on more occasions than any other positional group 

(Table 4; P < 0.001). The full-back performed more support runs than any other 

positional groups (Table 4; P < 0.001). A strong relationship was found between the 

number of supports performed per minute of total playing time by the full-back to 

intensity for VHIR (r = 0.825), VHIR bouts completed per minute (r = 0.802) and 

relative time spent at VHIR (r = 0.840) for the match, respectively (P < 0.05, n = 7). 

The forwards also showed a moderate relationship between the number of tackles 

made per minute of playing time with the number of sprints performed per minute 

during the match (r = 0.746, P = 0.039, n = 8). 
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Table 4: Differences in game-specific skill involvement for the match between five positional groups (n = 39; mean ± SD). 

Variables Backs Forwards Full-back Hooker Service TEM Main Effect 

(number·min"1
) (n = 8) (n = 8) (n = 7) (n = 8) (n = 8) 95%CI 

Tackles made 0 .12 ± 0.09c,e,f 0.41 ± 0.07b,d 0.05 ± 0.02c,e,f 0.34 ± 0 .11 b,d 0.31 ± 0.12b,d 0.01 to 0.03 p < 0.001a 

Tackles (win ) 0.06 ± 0.06c,e,f 0 .31 ± 0.04b,d,e,f 0.03 ± 0.01 c,e,f 0 .19 ± 0.05b,d 0.17 ± 0.11 b,d 0.01 to 0 .03 p < 0 .001a 

Tackles (lose) 0.03 ± 0 .03 0.03 ± 0.02 0 .01 ± 0.01 e,f 0.05 ± 0 .04d 0 .06 ± 0.02d 0.01 to 0.02 p = 0.003a 

Play the ball 0.09 ± 0.03c,d 0.1 9 ± 0.06b,e.f 0.16 ± 0.04b,e,f 0 .09 ± 0 .03c,d 0.07 ± 0.04c,d 0.00 to 0.01 p < 0.001a 

Ball carries 0.1 1 ± 0.04c,d 0.25 ± 0.09b,e,f 0 .20 ± 0.03b,e,f 0 .11 ± 0.04c,d 0.09 ± 0.04c,d 0.00 to 0 .01 p < 0.001a 

Support runs 0 .23±0. 11d 0.24 ± 0.09d 0.48 ± 0. 1 5b,c,e,f 0 .13 ± 0.07d,f 0.28 ± 0.04d,e 0.01 to 0.02 p < 0.001a 

Touches of the ball 0 .16 ± 0.03e 0.28 ± 0.09e 0.36 ± 0.08e 1.01 ± 0.23b,c,d.f 0 .35 ± 0.22e 0.01 to 0.03 P < 0.001 a 

a. One-way ANOVA significant main effect (P < 0.05); 6, sign ificantly different from backs (Bonferroni post hoc; P < 0.05) and difference above the 
upper level of TEM 95% Cl ; c. significantly different from forwards (P < 0.05) and difference above the upper level of TEM 95% Cl; d' significantly 
different from full-back (P < 0.05) and d ifference above the upper level of TEM 95% Cl; e, significantly different from hooker (P < 0.05) and 
difference above the upper level of TEM 95% Cl; f' signif icantly different from service players (P < 0.05) and difference above the upper level of 
TEM 95% Cl ; TEM , technical error of measurement; Cl, confidence interva l; n , number. 
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DISCUSSION 

The purpose of this study was to determine whether differences exist m either 

physical or game-specific skill demands between positional groups in elite rugby 

league. The results show that positional roles play an important part in determining 

the amount of physical and game-specific skill involvement during match play. 

These results may have implications for the design of specific physical conditioning 

drills that incorporate game-specific skill-related activities common to each positional 

role in elite rugby league. 

The major physical performance differences between playing positions was that the 

full-back was involved in more very high-intensity activity and had a more than 

two-fold higher exercise intensity during backward running for the match compared 

to all other positions. While the higher exercise intensity during backward running 

may be explained by the unique defensive role of the full-back, the greater 

involvement in very high-intensity activity was mainly due to completing more of this 

activity during the second half than other positional groups. Important roles of the 

full-back are to both direct defensive structure, cover the goal line from kicks and 

breaks in play and to run the ball or support a ball-carrier during attacking play. 

These roles demand that the full-back is often positioned well behind (10-30 m) the 

defensive line, which places more space between the full-back and the opposition 

players. The full-back is observed to face the opposition when retreating to this 

location and this may explain the increased backward running. Moreover, the greater 

space between the full-back and the opposition may allow the full-back to generate 

speed and reach higher velocities more often than the other positions. Overall, the 

high physical demands detailed for the full-back can assist in the development of 

specific training programs and provide a framework for conditioning practices. 

The mean sprint duration and distance data in this study are similar to those reported 

for several other professional team-sport codes such as rugby union and soccer 

(Deutsch, Kearney, & Rehrer, 2007; Mohr, Krustrup, & Bangsbo, 2003; Reilly & 

Thomas, 1976). In the current investigation, mean sprint distances ranged from 
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16.0 m for the full-back to 21.1 m for the backs. Additionally, maximum sprinting 

distances or durations rarely exceeded 50 m or 6 s, with players completing ~30 or 

more sprints depending on their playing position during a match. These results 

highlight the intermittent nature of rugby league. Given the brief duration of sprints 

(~2.3 s) across positional groups, acceleration appears to be the most crucial factor in 

performance (Duthie, Pyne, & Hooper, 2005). Based on these results, speed 

development should form an integral part of sprint training for all positional groups. 

This type of training should focus on sprint distances between 15-20 m, depending on 

playing position. Using sprint distances of greater than 50 m during training may be 

detrimental to the development of acceleration and would reduce specificity to match 

play. 

In agreement with previous research (Rampinini, Coutts, Castagna, Sassi, & 

Impellizzeri, 2007), this study shows that the ability to perform physical activity 

during the second half is related to the physical stress of the first half in elite rugby 

league. Specifically, players who completed more physical activity in the first half 

showed a decrement in physical performance during the second half in both total 

intensity of exercise and intensity for HIR. Conversely, when a lower physical stress 

was placed on the players during the first half, second-half total intensity of exercise 

and HIR exercise was maintained. However, the small effect size (d = 0.2) observed 

for HIR exercise suggests that the effect of HIR performed during the first half on 

second-half physical performance is only relatively small. This may be due to the 

larger measurement error associated with high-intensity activities when using the 

computer-based tracking method described in this study (Sirotic & Coutts, 2008). 

Nevertheless, the results support the previous finding in professional soccer 

(Rampinini, Coutts, Castagna, Sassi, & Impellizzeri, 2007) that second-half match 

play is related to the fatigue induced by the activities completed in the first half. 

These results highlight the potential benefit of real-time global positioning systems or 

alternate match-analysis systems to aid in player substitution during top-level team 

sports, including rugby league. 
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Defensive skills are an important element of rugby league match play, often 

increasing the physical work required, and are perceived by players to be one of the 

most fatiguing components of the game (Docherty, Wenger, & Neary, 1985; Larder, 

1992). The present results show that the forwards have the highest involvement in 

defensive skills during match play. The forwards perform the most tackles, often 

sprinting to make the tackle. This quick defensive-line speed may be linked to the 

forwards' attempt to reduce the impact force of the attacking player and to minimise 

advancement in field position. The forwards were also involved in the highest 

number of tackle wins, consequently increasing the level of physical exertion 

experienced by this positional group. While the hooker and service players are also 

largely involved in tackling during match play, they tend to lose more tackles than the 

forwards (i .e., ~14-20% vs. ~7%, respectively). This is most likely due to the smaller 

physical size (Gabbett, 2002) and lower absolute strength (O'Connor, 1996) of these 

positional groups. Additionally, the present results show that one-on-one tackles are 

rarely made by any positional group (i.e., average ~2 per game). This change from 

previous research (Meir, Arthur, & Forrest, 1993) could be due to a shift in coaching 

philosophy, placing higher importance on slowing the play the ball by generating 

numerous pia yers in each tackle. 

Offensive skills are also an important determinant of rugby league performance 

adding to the high-physical workload experienced during match play. The results 

show that the full-back performs the most offensive skills, primatily due to 

supporting the ball-carrier on more occasions. Similar to the forwards, the full-back 

is also heavily involved in running the ball and completes a high number of play the 

balls, indicating a tendency to hold onto the ball. This is consistent with previous 

research showing that forwards spend more time taking the ball up and playing the 

ball than the backs and were less likely to pass the ball to a team member 

(l\1eir, Arthur, & Forrest, 1993). In contrast, the service players rarely run the ball or 

consequently play the ball. This may be due to the distinct role of the service players 

to control offensive structure, often requiring them to support the ball-carrier to set up 

the next play. Moreover, the large number of involvements with the ball by the 
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hooker is mostly due to their unique role as dummy-half, acting as the primary ball 

distributor during match play (Meir, Arthur, & Forrest, 1993). Overall, the backs had 

the lowest involvement in game-specific skills, mainly because of their positioning on 

the fringes of the field. However, when they did get the ball, they tended to carry it 

further due to the space created by the players in the middle of the field. Collectively, 

these results highlight the need for physical conditioning to incorporate game-specific 

skill involvement that is position specific. Such training methods lend support to the 

use of skill-based conditioning drills to adequately prepare positional groups for the 

demands of a game (Gabbett, 2006). 

It has been suggested that matches played under the limited interchange rule exhibit a 

lower mean match speed (Gabbett, 2005). While direct comparisons with previous 

studies are not possible, the suggested decrease in mean match speed was thought to 

be due to less recovery time between high-intensity efforts (Gabbett, 2005). 

However, the high-intensity to low-intensity ratio for the forwards (1 :7), backs (1 :9.5) 

and hooker (1 :8) in this study is similar to previous research investigating the prop 

(1:7) (Meir, Colla, & Milligan, 2001) or forwards (1:6) (Meir, Arthur, & Forrest, 

1993), backs (1:8) (Meir, Arthur, & Forrest, 1993) and hooker (1:10) (Meir, Colla, & 

Milligan, 2001) at the elite level prior to the rule modification. In contrast, the 

amount of high-intensity activity performed by the forwards and hooker in this study 

was 9.5 and 9.3% higher than high-intensity activity completed by the prop and 

hooker position during an entire match under the unlimited interchange rule 

(Meir, Colla, & Milligan, 2001). This may be due to the substitution routine 

employed by the team in this study, which may have provided long recovery periods 

for the forwards and hookers and allowed more high-intensity involvement when 

re-entering the match. This difference may also be due to methodology variation 

between the two studies. Overall, these results show that the introduction of the 

limited interchange rule has had a minimal effect on the physical demands of 

positional roles in elite rugby league. However, the forwards and the hooker may 

complete more high-intensity activity during match play under the limited 

interchange rule, possibly due to the substitution routine used in this study. These 
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findings have implications for the physical conditioning for the forwards and hooker, 

along with the remaining positional roles that rarely interchange as a result. 

CONCLUSION 

This study provides new knowledge regarding the physical and game-specific skill 

demands common to specific positional roles in elite rugby league. These results 

show that positional roles play an important part in determining the amount of 

physical and game-specific skill involvement during match play. We suggest that 

training programs and conditioning practices should reflect the physical demands and 

game-specific skill-related activities of each positional role in preparation for the 

demands of the game. However, care should be taken when interpreting these results 

due to the limitations inherent in all time-motion analysis (Sirotic, Coutts, Knowles, 

& Catterick, 2008). Due to the small sample sizes ( ~8) used for each positional 

group, this information should only be used as a guide for the wider rugby league 

population. Future studies of elite rugby league should endeavour to use the 

positional groups described in this study using larger sample sizes and incorporate 

analysis across all NRL teams. 
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ABSTRACT 

The aim of this study was to determine the reliability of a non-motorised treadmill 

team-sport simulation for measuring physiological responses and performance 

demands of team sports. Following familiarisation, 11 team-sport athletes completed 

a peak sprinting speed assessment followed by a 30-min team-sport simulation on the 

non-motorised treadmill, on three occasions, five days apart. Several performance 

(total distance, distance covered during each speed category, total work, 

high-intensity activity, mean maximal sprinting speed and power) and physiological 

variables (V02, heart rate and blood variables) were measured. A One-way Analysis 

of Variance and ratio limits of agreement were used to compare the results from each 

trial. Significant differences were established in total sprint distance and 

high-intensity activity between trials 1 and 2 and trials 1 and 3 and 3-s mean maximal 

sprinting speed for trials 1 and 3 (p < 0.05). No other significant differences were 

identified. Moderate to high Intraclass coiTelation coefficients (i.e. > 0.8) were 

identified in 11 of the 18 physiological and performance variables measured. Ratio 

limits of agreement for total distance covered and total work performed during the 

team-sport simulation were 0.99 (*/-':- 1.05) and 0.97 (*/-':- 1.09), respectively. The 

largest measurement eiTor was shown in post-exercise blood lactate concentration 

with a coefficient of variation of 17.6o/o. All other measures showed low coefficients 

of variation of :::; 10%. These results show that the non-motorised treadmill 

team-sport simulation provides a reliable tool for assessing and monitoring 

physiological and performance demands of team-sport activity. We recommend the 

inclusion of two familiarisation sessions prior to testing. 

Key Words: Reproducibility, ratio limits of agreement, team-sport, match 

simulation. 
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INTRODUCTION 

Team sports with similar match running demands [1] require the combination of 

repeated high-intensity bouts of exercise interspersed with longer periods of 

low-intensity exercise for a duration of between 30-1 20 min, depending on player 

position and interchange [2]. In response, several team-sport simulations using a 

non-motorised treadmill (NMT) have been developed [3-5]. It has been suggested 

that these team-sport simulations can be consistently reproduced on a NMT in a 

controlled environment, thereby providing a useful tool for monitoring running 

performance and physiological changes specific to team sports. To date, the 

'technological and biological' error of the performance outcomes and physiological 

responses of these team-sport simulations have not been extensively determined. 

The NMT allows a close replication of the physiological workload and runmng 

demands of a team-sport match as it enables near maximal velocities to be obtained, 

allows for instantaneous changes in running speed, and provides real-time measures 

of power output [6]. These characteristics are vital for accurate monitoring of the 

physical demands of team-sport activity in a laboratory. Additionally, the controlled 

laboratory environment also allows for physiological (i.e., vo2 and blood measures) 

and performance variables (i.e., power output) to be continually measured. At present 

these variables are difficult to measure during competitive matches, as the collecting 

procedures interfere with normal play [7]. Other advantages of using a controlled 

laboratory setting are that the influence of the opposition, environment, team-tactics, 

match score or officials is removed. Collectively, these standardised conditions 

should allow for an increased level of reliability of the results taken from this test. 

To date, several studies have determined the reproducibility of brief repeated-sprint 

efforts on the NMT [8, 9]. However, while NMT team-sport simulations have been 

validated [3, 4 ], the comprehensive reliability of such simulations is still unknown. 

To our knowledge, there are only two studies that have determined the reliability of 

some physiological and performance measures of a NMT team-sport simulation. The 

first study determined the reproducibility of mean heart rate (HR) during the first and 
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second half of a 90-min NMT soccer-specific protocol [3]. The second study 

determined the reliability of the total distance (TD) covered during a 15-min period of 

a 90-min soccer simulation on a NMT [10]. In these studies, no other performance or 

physiological measures were examined for reproducibility. 

Reliability of performance measures and physiological responses to NMT team-sport 

simulations needs to be assessed. The information obtained from these reliability 

measures will allow sports scientists to be able to interpret 'real' changes, or changes 

independent of 'technological and biological ' error [11]. The ability to identify a 

'real' change in these measures will enable sports scientists to more accurately assess 

the effects of intervention such as training strategies on team-sport running 

performance and physiological responses. Therefore, the purpose of this study is to 

report on the reliability of running performance and physiological responses to a 

generic team-sport protocol on a NMT. 

METHODS 

Subjects 

Eleven moderately-trained (age = 23 .6 ± 4.5 y; and Y02rnax = 52.7 ± 

4.5 mL·kg-1·min-1) male team-sport athletes participated in this study. All subjects 

were requested to complete their normal training programs during the testing period. 

Subjects were also instructed to abstain from physical training and products 

containing caffeine in the 24 h prior and from consuming food in the 2 h before each 

test. During the 24--48 h prior to each testing session subjects were asked to complete 

only low-volume, low-intensity training. Additionally, subjects were asked to 

standardise food and fluid intake and training practices during the 48 h prior to each 

test. Subjects recorded food and fluid intake and training practices so that replication 

of the same regiment could be practised for all testing occasions. Prior to 

commencing testing, written informed consent was voluntarily obtained by all 

subjects. Ethical approval was granted by the University Human Research Ethics 

Committee for all experimental procedures. 
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Training history 

All subjects were regularly participating in team sports ( 4 - soccer, 4 - Australian 

Football League and 3 - rugby union) for at least 12 months prior to the study. 

Subjects were in the competitive phase of the training season while undergoing all 

testing procedures. During this competitive phase of training each subject completed 

between one and three team training sessions as well as three and five individual 

physical training sessions per week consisting of interval training, distance running, 

sprint training and/or resistance training. Subjects also participated in one 

competitive match per week in their respective team sport. 

Experimental design 

Subjects visited the laboratory on five occasions, each separated by five days. Visit 

one included familiarisation with testing procedures. Subjects completed a V02max 

test during visit two. A peak sprinting speed assessment (PSSA) and 30-min NMT 

team-sport simulation were performed during visits three, four and five. On each 

occasion the tests were performed at the same time of day (within 2 h) to minimise 

diurnal variations. 

Maximal oxygen uptake 

Maximal oxygen uptake (V02max) was determined usmg a discontinuous, 

incremental treadmill run to exhaustion using open-circuit spirometry (Physio-Dyne® 

Gas Analysis System, Quogue, N.Y. , USA). The work protocol and criteria for 

attainment ofV02max used in this study have been described [12]. 

Treadmill design 

The treadmill design was a modified version of the original NMT system designed by 

Lakomy [6]. The NMT (Force Tread Dynameter, Woodway, USA) consisted of an 

endless wire reinforced lateral belt that was attached to a metal frame that included a 

handrail, display unit and vertical metal strut with sliding gauge. A 1 00-kg horizontal 

'S ' beam load cell (Model Number: HTC-500SS, Liftcells, Adelaide, Australia) was 

attached to the vertical strut via the sliding gauge, which locked in place to ensure no 
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movement during testing. The sliding gauge allowed the horizontal load cell to be 

adjusted vertically. A 'Y' jointed steel wire attached the horizontal load cell to a 

tether belt worn around the waist of each subject. To minimise errors in force 

measurement, the tether belt was adjusted to 8° above the horizontal of the subject's 

waist prior to testing using an electronic level (Smart Tool, Macklangburg-Duncan, 

Oklahoma, USA) [ 6]. The load cell was calibrated before and after each test using a 

range of known weights. Treadmill belt speed was monitored by two optical speed 

photomicrosensors (Model Number: EE-SX670, Omron Electronics, Schaumburg, 

Illinois) mounted on the rear roller shaft of the treadmill belt. 

Treadmill belt speed, distance, and horizontal forces were collected at a sampling rate 

of 10 Hz via the XPV7 PCB interface (Fitness Technology, Adelaide, Australia) and 

analysed using the Force 3.0 Software (Innervations Software, Joondalup, Australia). 

Data collected were exported to Microsoft Excel® (Microsoft, Redmond, USA) where 

the data were synchronised with the team-sport simulation starting time. The 

horizontal power output was calculated from the product of treadmill belt speed 

(km·h-1) and horizontal force (N) measured from the horizontal load cell. 

Team-sport simulation 

The development of the team-sport simulation has been described [ 4]. The 

simulatiqn was designed to mimic the running work profile of several team sports and 

was based on time-motion data of sports such as soccer, rugby league, rugby union 

and Australian Football League [13-16]. Two, 15-min activity profiles were 

performed succinctly throughout the team-sport simulation for a total duration of 30 

min. Based on previous team-sport simulation data [ 4 ], six speed categories were 

included in these activity profiles; standing (Oo/o of maximal sprinting speed (MSS)), 

walking (20% of MSS), jogging (35% of MSS), running ( 45% of MSS), fast nmning 

(65% of MSS) and sptinting (100% of MSS). These six speed categories were 

divided into aerobic (walking, jogging and running) and anaerobic (fast running and 

sprinting) activities based on the intensity of the movement. The six speed categories 

were also designated a particular duration based on time-motion data from team 
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sports [13]. The time duration assigned and total time spent in each speed category 

during the team-sport simulation are similar to those previously described [4]. A total 

of 181 activity changes were included in the team-sport simulation, with a change of 

activity occurring on average, once every 10 s. This frequency of activity changes is 

slightly lower when compared to time-motion data of a variety of team sports [17-

19]. Figure 1 shows the activity profile for a subject with a MSS of 30 km·h-1
. 

During the team-sport simulation all effort was made to provide equal verbal 

encouragement to each subject to sprint as hard as possible when required. At all 

other times each subject was verbally instructed to match their speed with the target 

speed displayed. 
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Figure 1: The 30-min team-sport running simulation activity profile for a subject 

with a maximal speed of 30 km·h-1
. Two 15-min periods were completed 

with a 2-min recovery after completion of the first 15-min activity profile. 

Prior to the commencement of the team-sport simulation, MSS was determined 

during the PSSA. After a 5-min standardised warm-up on the NMT, MSS was 
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measured using previously reported methods [ 4, 5]. Each subject completed three 

maximal 3-s and 6-s sprints, alternately, separated by 2-min of active recovery. 

Maximal sprinting speed was calculated as the highest speed obtained in a single 

second from the 3-s and 6-s sprints. Mean MSS (mMSS), mean maximal power 

(mMP) and distance covered during the best 3-s and 6-s sprint from trial 1, trial 2 and 

trial 3 were determined to assess the reliability of NMT sprinting. 

Physiological responses 

Continuous oxygen uptake was measured during the team-sport simulation usmg 

open-circuit spirometry, which was calibrated before and after each test with 

reference and calibration gases of known concentrations. The pneumotach was 

calibrated with ambient air using a 3-L syringe (Hans Rudolph, Inc., Kansas City, 

USA). Heart rate was recorded every 5 s during the team-sport simulation using 

Polar Team System HR monitors and analysed with the Polar Precision Performance 

SW version 4.02 software package (Polar, OY, Finland). Blood lactate concentration 

was determined from 25-~L capillarised blood samples taken from hyperaemic 

fingertips. Samples were drawn from all subjects immediately following the 

team-sport simulation and analysed using an Accusport Portable Lactate Analyser 

(Boehringer Mamilieim, Germany) immediately following collection. The reliability 

of the Accusport Portable Lactate Analyser has been widely established [20, 21]. 

STATISTICAL ANALYSES 

In order to allow comparison between previous work and the results of the present 

study, a variety of reliability measures were used. Test-retest differences were tested 

for normality using the Shapiro-Wilks statistic. If test-retest differences were not 

normally distributed, logarithmic transformation was performed and these data sets 

were retested. A One-way Analysis of Variance (ANOVA) with repeated measures 

was used to detect any differences in measurement variables between the three trials. 

Where appropriate, post-hoc comparisons (least significance difference) were 

employed. Mauchly's test of sphericity was used to assess homogeneity of variance. 

A Greenhouse-Geisser adjustment was used if assumptions of homogeneity were 
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violated. As heteroscedasticity was present in some data, logarithmic transformation 

was performed. The coefficient of variation (CV), Intraclass correlation coefficient 

(ICC), 95% confidence intervals (95o/o CI), typical error (TE) and technical error of 

measurement (TEM) were calculated according to Hopkins [22]. Ratio measures for 

95o/o limits of agreement were calculated as recommended by Bland and Altman [23]. 

Analyses were performed using Microsoft Excel® (Microsoft, Redmond, USA) and 

SPSS (Version 14.0, Chicago, USA). Statistical significance was set atp < 0.05. All 

data are reported as the mean ± SD unless otherwise stated. 

RESULTS 

Significant differences were identified in three of the 18 variables measured during 

the team-sport simulation. Total sprint distance and high-intensity activity (HIA) 

were significantly different in trials 1-2 (sprint distance= 407.12 ± 26.37 m vs. 

417.98 ± 18.16 m: HIA = 571.36 ± 35.66 m vs. 585.93 ± 23.12 m: p < 0.05) 

and trials 1-3 (sprint distance = 407.12 ± 26.37 m vs. 424.73 ± 18.80 m: 

HIA = 571.36 ± 35.66 m vs. 592.34 ± 24.64 m: p < 0.05). A significant difference 

was also shown in 3-s mMSS between trials 1-3 (7.05 ± 0.41 m·s-1 vs. 7.24 ± 0.44 

m·s-1
: p < 0.05). Heteroscedasticity was present in the total work (TW) performed 

and V02 during the team-sport simulation, 3-s sprint distance and mMP and 

6-s mMSS data. Since heteroscedasticity indicates a linear relationship between the 

amount of random euor and the size of the measured value (i.e., that a higher absolute 

measurement error exists in subjects scoring highest values) all results were log 

transformed and expressed as ratio limits of agreement [11]. 

Reliability of performance measures 

Table 1 shows the grand mean, CV, ratio limits of agreement, ICC and respective 

95o/o CI for performance variables measured during the team-sport simulation. Figure 

2 shows the Bland-Altman plot of the mean TW and TD for trials 2 and 3, 

respectively. Ratio limits of agreement for the TD covered during the team-sport 

simulation were similar for trials 1-2 and trials 2- 3, respectively (1.01 */-7- 1.06 vs. 

0.99 */-7- 1.05). Ratio limits of agreement of mMP for trials 2 and 3 were lower for a 

174 



6-s sprint (1.00 */-7- 1.16) compared to a 3-s sprint (1.04 */-7- 1.30). Based on the 

nomogram designed by Atkinson et al. [24] and using the ratio limits of agreement 

from trials 2-3, it was estimated that a sample size ofbetween 5 and 9 is required to 

detect a 10% change in all performance measures described in Tables 1 and 2 

(statistical power = 0.9). However, a sample size of 25 is needed to detect a 10% 

change in mMP during a 3-s sprint. 
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Figure 2: Bland-Altman plot of the (A) total work perfonned (B) and total distance 

covered during the NMT team-sport simulation from trial 2 and trial 3 

(n = ll). 

175 



Table 1: Measures of reliability (with 95% confidence intervals) for total work and distances covered during each speed category from three trials of 

a 30-min NMT team-sport running simulation (n = 11 ). 

Performance Variable Grand Mean cv (%) 95% Cl Ratio Limits of Agreement Lower - Upper limit ICC 95% Cl 

Trial 1 - Trial 2 

Total Work (KJ) 300 4.51 (3.20 to 8.24) 1.035 */+ 1.130 247.35- 350.35 0.203 (-0.452 to 0.716) 

Total Distance (m) 3438 2.21 (1 .56 to 3.96) 1.011 */+ 1.063 3270.28- 3692.36 0.617 (0.028 to 0.888) 

High-Intensity Activity (m) 579 2.34 (1.65 to 4.19) 1.026 */+ 1.066 557.1 0 - 633.28 0.837 (0.477 to 0.957) 

Walk (m) 706 3.29 (2.33 to 5.95) 1.019 */+ 1.094 658.15- 787.67 0.195 (-0.495 to 0.711) 

Jog (m) 1391 2.12 (1.49 to 3.78) 1.017 */+ 1.060 1334.81 - 1499.06 0.788 (0.356 to 0.942) 

Run(m) 646 2.15 (1.51 to 3.84) 1.010 *I+ 1.061 614.39-696.18 0.827 (0.450 to 0.954) 

Fast Run (m) 166 2.36 (1.66 to 4.23) 1.022 */+ 1.067 159.23- 181.20 0.876 (0.583 to 0.968) 

Sprint (m) 413 2.48 (1.75 to 4.45) 1.028 */+ 1.070 396.22- 453.83 0.835 (0.471 to 0.956) 

Trial 2 - Trial 3 

Total Work (KJ) 300 3.06 (2.16 to 5.52) 0.966 */+ 1.087 266.29-314.74 0.686 (0.146to0.911) 

Total Distance (m) 3436 1.91 (1 .34to3.41) 0.988 */+ 1.054 3223.48 - 3579.73 0.738 (0.247 to 0.927) 

High-Intensity Activity (m) 589 1.46 (1.02 to 2.59) 1.011 */+ 1.041 572.11 - 619.92 0.874 (0.577 to 0.967) 

Walk (m) 707 3.63 (2.57 to 6.57) 0.983 */+ 1.104 629.86- 767.40 0.182 (-0.469 to 0.705) 

Jog (m) 1393 2.84 (2.00 to 5.10) 0.985 */+ 1.081 1269.64- 1482.59 0.680 (0.136 to 0.909) 

Run (m) 645 1.68 (1.18 to 3.00) 0.989 */+ 1.047 608.94- 668.02 0.854 (0.522 to 0.961) 

Fast Run (m) 168 1.73 (1.21 to 3.07) 0.998 */+ 1.049 159.73- 175.62 0.907 (0.672 to 0.976) 

Sprint (m) 421 1.83 (1.29 to 3.27) 1.016 */+ 1.052 407.12-450.23 0.836 (0.472 to 0.956) 
CV = coefficient of variation; Cl = confidence intervals; ICC = lntraclass correlation coefficient. 
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Table 2: Measures of reliability (with 95% confidence intervals) for 3-s and 6-s sprint performance measures from three trials of a peak sprinting 

speed assessment on a NMT (n = 11). 

Sprint Variable Grand Mean cv (%) 95% Cl Ratio Limits of Agreement Lower - Upper limit ICC 95% Cl 

Trial 1 - Trial 2 

6-s Distance (m) 37.2 2.45 (1 .73 to 4.40) 1.018 */+ 1.070 35.45- 40.55 0.851 (0.512 to 0.960) 

6-s mMP (W) 964.4 9.01 (6.50 to 17.14) 1.002 */+ 1.270 760.72- 1227.37 0.811 (0.410 to 0.949) 

6-s mMSS (m·s-1
) 7.3 1.34 (0.94 to 2.38) 1.005 */+ 1.038 7.06-7.60 0.941 (0.785 to 0.985) 

3-s Distance (m) 17.9 6.16 (4.40 to 11.42) 1.048 */+ 1.181 15.87-22.10 0.576 (-0.036 to 0.874) 

3-s mMP (W) 1029.4 15.59 (11.51 to 31.46) 0.993 */+ 1.494 683.88- 1526.57 0.493 (-0.151 to 0.8.44) 

3-s mMSS (m·s-1) 7.1 1.84 ( 1.29 to 3.28) 1.012 */+ 1.052 6.83 -7.55 0.898 (0.647 to 0.974) 

Trial 2 - Trial 3 

6-s Distance (m) 37.6 1.33 (0.94 to 2.37) 1.002 */+ 1.037 36.30- 39.06 0.930 (0.7 48 to 0.982) 

6-s mMP (W) 965.3 5.44 (3.87 to 10.01) 1 . 004 * /+ 1 .158 836.84- 1222.29 0.915 (0.700 to 0.978) 

6-s mMSS (m·s-1
) 7.3 1.32 (0.93 to 2.35) 1.007 */+ 1.037 7.1 2-7.66 0.944 (0.793 to 0.986) 

3-s Distance (m) 18.3 1.83 (1.29 to 3.26) 1.001 */+ 1.052 17.39- 19.22 0.897 (0.642 to 0.973) 

3-s mMP (W) 1043.8 10.05 (7.27 to 19.28) 1.036 */+ 1.304 829.04- 1409.58 0.793 (0.369 to 0.944) 

3-s mMSS (m·s-1
) 7.2 1.70 (1 .20 to 3.03) 1.014 */+ 1.048 6.96-7.64 0.915 (0.700 to 0.978) 

CV =coefficient of variation ; Cl =confidence intervals; ICC = lntraclass correlation coefficient; mMP = mean maximal power; mMSS = mean maximal sprinting 
speed . 
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Reliability of physiological measures 

Table 3 shows the grand mean, CV, ratio limits of agreement, ICC and respective 

95o/o CI for physiological variables measured during the team-sport simulation. The 

largest measurement error was shown in post-exercise [BLa-] for both trials 1-2 and 

trials 2- 3, respectively (1.12 */--7- 1.83 vs. 0.97 */--7- 1.57). To detect a 10o/o change in 

mean HR and V02 during the team-sport simulation and post-exercise [BLa-] sample 

sizes of 5, 9 and 86 are required, respectively [24]. 
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Table 3: Measures of reliability (with 95°/o confidence intervals) for physiological measures from three trials of a 30-min NMT team-sport 

running simulation (n = 11 ). 

Physiological Variable Grand Mean CV(%) 95% Cl Ratio Limits of Agreement Lower- Upper limit ICC 95% Cl 

Trial 1 - Trial 2 

V02 (L·min-1
) 2.98 3.31 (2 .34 to 5.97) 1.030 */+ 1.094 2.81-3.36 0.750 (0.272 to 0.931) 

Mean HR (beats·min-1
) 159.00 1.33 (0.93 to 2.36) 0.990 */+ 1.037 151.69- 163.22 0.955 (0.831 to 0.988) 

Post [Blal (mmoi·L-1
) 12.30 24.45 (18.63 to 53.60) 1.124 */+ 1.834 7.54 - 25.36 0.766 (0 .308 to 0.936) 

Trial 2 - Trial 3 

V02 (L·min-1
) 2.94 5.28 (3.76 to 9.71) 0.943 */+ 1.153 2.40-3.20 0.598 ( -0.003 to 0.882) 

Mean HR (beats·min-1
) 158.00 1.71 ( 1.20 to 3.05) 0.993 */+ 1.048 149.25- 163.99 0.933 (0.758 to 0.983) 

Post [Blal (mmoi·L'1) 12.53 17.58 ( 13.07 to 36.15) 0.965 */+ 1.567 7.72- 18.94 0.648 (0.079 to 0.899) 
CV =coefficient of variation; Cl =confidence intervals; ICC= lntraclass correlation coefficient; Mean HR =mean heart rate; Post [Bla·] =post-exercise blood 
lactate concentration. 
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DISCUSSION 

From consideration of all reliability analyses performed, the results demonstrate that 

the NMT system and team-sport simulation provides a reliable tool for measuring 

performance demands and most physiological responses of various team sports in 

moderately trained athletes. The reliability established across the three trials revealed 

a high reproducibility, with the majority of variables reporting a CV of< 5%. Out of 

the four remaining variables having a CV > 5%, three of these measures remained at a 

CV of :S 10%. It has been suggested that a CV of 10% is the criterion value 

commonly used to define an acceptable level of reliability in a test [24]. Another 

common criterion used to verify a reliable test is an ICC> 0.8 [24]. Moderate to high 

ICC (i.e., > 0.8) were identified in 11 of the 18 physiological and performance 

variables measured during the team-sport simulation, providing support to the 

reliability of the NMT for assessing team-sport running performance [25]. 

In agreement with previous research [8, 9], the ratio limits of agreement for mMSS in 

a 3-s and 6-s sprint in the present study are low for both bias (:S 1.03) and random 

error (:S 1.05). The low bias (:S 1.04) reported for mMP for the 3-s and 6-s sprint and 

random eiTor (1.16) for the 6-s sprint in the present study are also similar to previous 

results of nu\1P for a 6-s sprint [8]. However, the random error in llll\1P for the 

3-s sprint in the present study is slightly greater than the mMP for a 6-s sprint 

previously reported (1.30 vs. 1.21) [8]. The present results of a larger CV for mMP 

(10.1% vs. 5.4%) and mMSS (1.7% vs. 1.3%) for a 3-s sprint compared to a 

6-s sprint, respectively, show that while a 3-s sprint on the NMT is reliable, a 

6-s sprint on the NMT has even greater reliability. Therefore, from these results, we 

suggest that a 6-s sprint should be used to assess sprint performance on the NMT 

especially when small changes in sprinting performance (i.e., 2: 1 %) are required. 

The reliability of 3-s and 6-s sprinting on the NMT in this study agrees with previous 

research [10]. Abt et al. [10] reported a CV of 5.5% and 2.7% for sprint distance and 

a CV of 4.1% and 3.5%> for mMSS for a 3-s and 6-s sprint on the NMT, respectively. 

While these findings are larger when compared to the 3-s and 6-s sprint results of the 
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present study (6-s sprint distance CV = 1.33%, 6-s mMSS CV = 1.30%), they do 

support the finding of a greater reliability of a 6-s sprint compared to a 3-s sprint on 

the NMT. In addition, Abt [10] also reported a low CV of 2.2% for TD covered 

during a 15-min soccer-specific NMT protocol. This result is similar to the CV of 

1.9% for TD covered during the team-sport simulation in this study. The consistent 

high levels of reliability of team-sport simulation distance measures show that the 

team-sport simulation is a reliable tool for assessing performance demands of 

team-sport running activity. 

To our knowledge this is the first study to extensively investigate the reliability of 

physiological measures during a NMT team-sport simulation. The mean (±SD) 

physiological responses of HR (160.0 ± 9.7 beats·min-1
), V02 (3.0 ± 0.3 L·min-1 or 

72.8 ± 3.8% ofV02max) and post-exercise [BLa-] (12.1 ± 3.9 mmol·L-1
) in this study 

were similar to those repmied during field-based running protocols and other NMT 

soccer-specific simulations [3, 5, 10, 26]. The present results show a high 

reproducibility of mean HR during the team-sport simulation, with a TE of 

2.6 beats·min-1
• This is in agreement with previous research reporting a low TE for 

mean HR during the first (2.6 beats·min-1
) and second half (2.8 beats·min-1) of a 

90-min soccer-specific Nrv1T protocol [3]. Similarly, low within-subject variability 

was shown for V02 (CV = 5.3%) in this study. While there are numerous studies 

researching the reliability of V02 during steady-state exercise, this study is the first to 

assess the reliability of vo2 during non-steady-state activity, making comparisons 

difficult [27]. When comparing the V02 during the team-sport simulation 

(CV = 5.3%) to steady-state V02 during 4-min intervals of running at 14 km·h-1 

(CV = 2.4%), 16 km·h-1 (CV = 2.5%) and 18 km·h-1 (CV = 2.4%) the variability in 

non-steady-state exercise is much higher [27]. It should be noted that the reliability 

of the physiological responses is related to some degree to the reliability of the 

team-sport simulation test. That is, because the team-sport simulation test is 

'self-chosen', the test in itself incorporates some random error, which in turn affects 

the variability of the physiological responses. Nonetheless, the CV for V02 during 
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the present study still remains under the criterion value of 10% to be considered 

reliable [24]. 

Blood lactate concentration measured at the completion of the team-sport simulation 

is shown to have only moderate reliability (CV = 17.6%) and is above the criterion of 

10% commonly used to determine a reliable measure [24]. Furthermore, when using 

the raw data (i.e., not log transformed) to calculate the TEM, the reliability value was 

17.1 %. This value is just above the acceptable range of 15%, which is a 

recommended standard for [BLa-] measurement [28]. However, this relatively high 

variability established in post-exercise [BLa-] in the present study is similar to the 

17o/o CV reported for [BLa-] measured at the completion of the Yo-Yo Intermittent 

Recovery Test (Level 1), a common field test used to assess team-sport performance 

[26]. On the basis of the present results, it appears that [BLa -] is not as reliable a 

measure as other physiological (i.e. , HR and V02) or performance measures. We 

recommend that [BLa -] should not be used as the sole physiological measure for 

assessing or monitoring team-sport running performance on the NMT [29]. Rather 

[BLa-] should be used in conjunction with either HR or V02 and combined with key 

performance measures. 

There is increasing awareness among researchers for the need for adequate 

familiarisation to minimise the lean1ing effect associated with measuring tools [6]. 

The present study included one familiarisation session on the NMT, which 

incorporated the PSSA followed by one 15-min period of the team-sport simulation. 

However, it appears that this familiarisation session may not have been adequate in 

preparing subjects with the demands ·of NMT sprinting as demonstrated by the 

significant difference in sprinting variables and HIA between trials 1- 2 and 1-3. It 

has been shown that NMT sprinting requires a greater forward body lean and a certain 

force (depending on mass) to be exerted to overcome the intrinsic resistance of the 

NMT [6]. In addition, the exercise protocol developed in the present study was of a 

'stop-start' nature, requiring frequent acceleration and deceleration (i.e.,~ every 10 s) 

to be applied to the NMT. Therefore, it may be that the subjects were not fully 
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familiarised with the unique sprinting technique required on the NMT or with the 

intermittent nature of the protocol, causing slower reaction times and leading to 

differences in the amount of force and acceleration applied to a sprint. In contrast, 

the lack of any significant differences between trials 2- 3 among physiological or 

performance variables shows that after two trials (i.e., familiarisation and trial 1) the 

subjects are fully familiarised with the ergonomics of NMT sprinting. This is in 

agreement with previous research reporting a negligible learning effect in consecutive 

trials of short duration, high-intensity cycling after two familiarisation sessions [30]. 

We suggest that future studies investigating NMT team-sport running use two 

familiarisation trials to ensure that learning effects are negligible. These 

familiarisation trials should include the testing protocol and concentrate on NMT 

sprinting technique, assuring that acceleration and deceleration have been mastered 

prior to testing. 

C ONCLUSIONS 

On the basis of the present results, we suggest that a mtmmum sample size of 

between 5 and 9 is adequate to detect a 10% change in the majority of physiological 

and performance variables measured during the team-sport simulation [24]. 

However, the minimum sample size needed for detecting a 10% change in 3-s mMSS 

and post-exercise [BLa-] is much larger, being 25 and 86, respectively. In order to 

detect a smaller change such as 5%>, minimum sample sizes are larger again, ranging 

from between 8 and 28 for the majority of the physiological and performance 

variables and 100 and > 200 for 3-s mMSS and post-exercise [BLa-], respectively. 

These latter sample size estimations of 100 and > 200 would be unfeasible in most 

research study designs. Similarly, in agreement with previous research [8], the 

extremely large sample sizes needed to detect small changes (i .e.,~ 1 %) which prove 

meaningful for elite athletes [31 ] would clearly be impractical in NMT team-sport 

simulation studies . 
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PRACTICAL IMPLICATIONS 

• The NMT team-sport protocol can be used to assess and monitor changes in 

both physiological and performance measures across team sports. 

• Two practice sesswns focusing on correct NMT sprinting technique and 

acceleration during changes in speed should be completed before testing, to 

increase the reliability between trials. 

• A sample size of 5 to 19 should be used in studies using an NMT system and 

team-sport simulation. 

• We recommend the use of a 6-s sprint when assessmg NMT sprint 

performance among team-sport athletes. 
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INTRODUCTION 

The match demands of several football codes have been reported to have similar 

running workloads (Douge 1988). Specifically, these football codes require players to 

repeatedly generate brief maximal sprints (1-6 s) interspersed with short recovery 

periods (< 21 s) (Spencer, Fitzsimons et al. 2006). The capacity to continually repeat 

these brief maximal sprints is commonly known as repeated-sprint ability (RSA). 

Despite the low occurrence of repeated-sprint bouts in football codes, these events 

may occur at critical times in attack or defence during a match and is considered an 

important performance characteristic, often important to the match outcome of 

various football codes (Appleby and Dawson 2002). For these reasons, several 

researchers have examined the reliability of RSA using a single 5 x 6 s sprint cycle 

test or a 5 x 6 s maximal sprinting test on a non-motorised treadmill (NMT) (Hughes, 

Doherty et al. 2006; McGawley and Bishop 2006). However, in a typical match 

scenario, repeated-sprint efforts are often completed in a fatigued state (Appleby and 

Dawson 2002). Therefore, while these single RSA tests may be a reliable way of 

assessing RSA in team-sport athletes, they may not reflect the physiological state of 

an athlete when completing repeated-sprint efforts during a match . The purpose of 

this study was to deten11ine the ecological reliability of a 5 x 6 s RSA test when 

completed under fatigue on a NMT. 

METHODS 

To determine the reliability of a 5 x 6 s RSA test in a pre-fatigued state, each subject 

completed a 30-min team-sport running simulation on a NMT (Woodway Force 3.0 

Treadmill, Wisconsin, USA) prior to performing a 5 x 6 s RSA test, on three 

occasions, separated by six days. 

Subjects 

Eleven moderately trained male athletes (V02max = 52.7 ± 4.5 ml·kg-1·min-1, age= 

23.6 ± 4.5 y, body mass = 78.0 ± 8.4 kg) from various football codes (4 - soccer, 

4 - Australian Football League, and 3 - rugby league) participated in this study. All 

subjects completed familiarisation with all testing procedures. 
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30-min team-sport running simulation 

The 30-min team-sport running simulation was based on prevtous time-motion 

studies of various football codes including soccer, rugby league, rugby union and 

Australian Football League (Reilly and Gilboume 2003). The simulation included six 

running speeds of particular movement duration: standing (8 s ), walking (8 s ), 

jogging (8 s), running (6 s), fast running (4 s) and sprinting (3 s) (see Figure 1.1). 

This movement duration data was randomised using specialised software (Force 

Software, Innervations Joondalup, Australia) so that the amount of running at any 

given speed would reflect that which occurred during a match (Reilly and Gilboume 

2003 ). At the end of the 30-min simulation a 5 x 6 s RSA test was performed, 

consisting of five, 6 s sprints each separated by 24 s of jogging. 
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Figure 1.1: Activity profil e of the 30-min team-sport running simulation for a 

subject with a maximal sprinting speed of 30 km·h-1
. A 5 x 6 s RSA 

test was performed at the end of the 30-min period. 
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5 x 6 s RSA measures 

Repeated-sprint performance measures included total sprint distance, total sprint work 

and mean maximal sprinting speed (mMSS). Repeated-sprint fatigue variables 

included the percentage decrement in each of the performance variables. Percentage 

decrement scores were calculated using equation 1.1: 

100 - ([total sprint performance ..;- ideal sprint performance x 5]) x 100 (1. 1) 

STATISTICS 

A one-way ANOVA with repeated measures was used to detect any differences in 

RSA performance or fatigue variables between the three trials. The coefficient of 

variation (CV), Intraclass correlation coefficient (ICC), and technical error of 

measurement (TEM) were calculated according to the methods of Hopkins (2000). 

Limits of agreement were calculated as recommended by Bland and Altman (1986). 

Analyses were performed using Microsoft Excel® (Microsoft, Redmond, USA) and 

SPSS (Version 14.0, Chicago, USA). Statistical significance was set at p < 0.05 . 

RESULTS 

A significant difference was shown in RSA sprint distance between trials 1- 2 

(146.9 m vs. 152.3 m p < 0.05) and trials 1-3 (146.9 m vs. 158.4 m p<0.05) . No 

other significant differences were shown in any other performance or fatigue variable. 

Limits of agreement for trials 2- 3 were lower for mMSS (1 .02 * f..;- 1.07) and sprint 

distance (1.04 * f.c,- 1.09) when compared to sprint work (1.00 *f..;- 1.16) performed 

during the pre-fatigued 5 x 6 s RSA test (see Table 1.1 ). The largest measurement 

error was shown in the fatigue variables such as the work decrement (CV = 38.2%) 

during the pre-fatigued 5 x 6 s RSA test. Based on the nomogram designed by 

Batterham and Atkinson (2005) and using the CV for trials 2- 3, it was estimated that 

a sample size of at least 8, 11 and 24 is required to detect a 5% change in mMMS, 

sprint distance and sprint work, respectively (statistical power = 0.9). To detect a 

5- 10% change in RSA fatigue variables, a sample size of greater than 200 is required. 

192 



Table 1.1 Measures of reliability of performance and fatigue variables of a 5 x 6 s RSA test completed at the end of a 30-min team-sport running 

simulation on a non-motorised treadmill (n = 11) 

RSA Variables Grand Mean (± SD) 95%CV Limits of Agreement TEM ICC 

Performance Variables Trials 2-3 

Sprint Distance (m) 155.3 ± 8.2 3.1 1.04 */+ 1.09 4.6 0.65 

Sprint Work (kJ) 19.7±2.1 5.4 1.00 */+ 1.16 1.0 0.76 

Mean maximal sprinting speed (m·s-1
) 6.2 ± 0.4 2.5 1.02 */+ 1.07 0.2 0.85 

Fatigue Variables Trials 2-3 

Distance Decrement(%) 9.2 ± 4.6 30.2 0.96 */+ 2.08 2.5 0.71 

Work Decrement(%) 16.5 ± 7.7 38.2 1.00 */+ 2.45 5.7 0.48 

Mean maximal sprinting speed decrement (%) 8.8 ± 5.0 31.3 1.05*/+2.14 2.7 0.73 
RSA = repeated-sprint ability; 95% CV = coefficient of variation; TEM =technical error of measurement; ICC= lntraclass correlation coefficient. 
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DISCUSSION AND CONCLUSIONS 

In agreement with previous research, decrement calculations in the present study were 

found to be less reliable than directly measured performance variables (McGawley 

and Bishop 2006; Spencer, Fitzsimons et al. 2006). This poor reliability of fatigue 

variables may be due to the amplification of slight variations in singular sprints when 

calculating decrement scores. In contrast to the poor reliability of the fatigue 

variables, performance variables showed a high reliability with all measures reporting 

a CV of < 10%. It has been suggested that a CV of 10% is the common criterion used 

to define an acceptable level of reliability in a test (Atkinson, Nevill et al. 1999). 

This good reliability in directly measured performance variables is consistent with 

previous research showing a CV of between 2.4-5.5% for total work completed 

during a 5 x 6 s sprint cycle test over five trials (McGawley and Bishop 2006). In 

addition to the high reliability of performance variables, low sample size estimations 

of between 8 and 24 were estimated to detect a 5% change in RSA perfom1ance 

variables. Conversely, the minimum sample size of greater than 200 to detect a 

5-10% change in all RSA fatigue variables would be considered unfeasible in most 

research study designs . 

We suggest the use of performance variables such as total sprint distance covered 

during the pre-fatigued 5 x 6 s RSA test to measure and monitor RSA in athletes from 

various football codes. We also recommend that a minimum sample size ofbetween 

8 and 24 is adequate to detect a 5% change in RSA performance variables. Overall 

the present results can be used to interpret meaningful changes in performance and 

also have been used to determine appropriate sample sizes needed for future studies 

using an ecologically valid ' pre-fatigued ' 5 x 6 s RSA test to assess RSA in athletes 

from various football codes. 
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ABSTRACT 

Purpose: To examine the effects of five weeks of pre-season training during the 

general preparation period on aerobic fitness and subsequent sprint performance 

during simulated rugby league match running in elite forwards. Methods: Following 

familiarisation, ten elite rugby league forwards from a National Rugby League Club 

completed several laboratory tests including a V02max test, 6-s maximal sprint test 

and 72-min rugby league match simulation on a non-motorised treadmill. The 

following outcomes were measured at baseline (pre) and after five weeks of pre-

season training (post): maximum oxygen uptake, ventilation thresholds, maximal 

heart rate, peak blood lactate concentration, skinfold thickness, anaerobic 

performance and indices of sprint performance and physiological responses during 

the rugby league match simulation. Physical training was quantified using the 

session-RPE method and heart rates during all training sessions. Results: Maximal 

oxygen uptake increased from 146.4 mL·kg-0·75 -min-1 to 153.2 mL·kg-0·75 -min-1 

(P = 0.028); ventilatory threshold improved from 125.0 rnL·kg-0·75 -min-1 to 

137.1 rnL·kg-0·75 -min-1 (P = 0.043)· and body fatness decreased from 16.4%BM to 

15.1 %BM (P = 0.041) following the training period. During the rugby league match 

simulation sprint distance increased by 21 % (P = 0.028); repeated-sprint performance 

improved by 18.2% (P = 0.028); total sprint work increased by 22.5% (P = 0.028); 

and mean blood lactate concentration increased by 38.9% (P = 0.028) following the 

training period. No relationships were found between changes in aerobic fitness 

measures and changes in simulated match-specific sprint performance during the 

five-week training period (P > 0.05). Conclusions: The five-week pre-season 

training period was effective in increasing both aerobic fitness levels and simulated 

rugby league sprint performance in elite rugby league forwards. 

Key Words: Aerobic fitness, match simulation, repeated-sprint ability, rugby league 
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INTRODUCTION 

Rugby league is a collision sport that demands high levels of muscular strength, 

power, speed, acceleration and aerobic and anaerobic capacities. 1 Positional groups 

within a team each perform a unique role and therefore require different physical 

conditioning and training programs.2 The forwards, for example, have a high 

defensive role during a match and are often involved in frequent intense bouts of 

sprinting.2 These bouts are typically short in length and are usually associated with 

game-specific events that require explosive acceleration for successful execution such 

as 'getting to a tackle quickly' or 'hitting the ball up '. Consequently, a large portion 

of training for forwards may focus on the development of strength and power rather 

than aerobic fitness. Therefore, physical training programs for the forwards may 

benefit from having a greater focus on the development of a higher level of aerobic 

fitness to aid in recovery between sprinting bouts. 

Although training programs during the competitive season for team sports usually 

focus on the maintenance of aerobic fitness , the largest improvements in aerobic 

fi tness take place during the initial phase of pre-season training, when players are 

retuning from a period of detraining.3
' 

4 For example, increases in V02max of 11 %, 

9% and 7o/o have been shown to occur in professional junior soccer players following 

four and eight weeks of interval training during the pre-season and beginning of the 

season, respectively.5-
7 These increases in aerobic fitness measures have been 

associated with improvements in match performance in team sports that require 

prolonged, high-intensity intermittent exercise.5' 6 However, presently no study has 

examined the changes in aerobic fitness and subsequent match perfonnance in elite 

rugby league players fo llowing pre-season training. 

Previous studies have used the multistage fitness test (MSFT) to examine changes in 

aerobic performance during the pre-season in amateur and sub-elite rugby league 

players,4
' 

8 and during the competitive season in profess ional players .1 However, to 

date there have been no studies examining changes in direct aerobic fitness measures 

in rugby league players . Additionally, no detai led information exists on whether 
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physical training protocols currently employed during the pre-season for elite rugby 

league forwards actually improve aerobic fitness or match-specific sprinting 

performance. Such information may assist in the development of pre-season training 

programs for elite rugby league forwards. With this in mind the purpose of this study 

was to: (1) examine the effects of five weeks of general-preparation pre-season 

training on aerobic fitness measures in elite rugby league forwards, and (2) determine 

whether changes in aerobic fitness would improve sprint performance during 

simulated rugby league match running on a non-motorised treadmill (NMT). 

METHODS 

Subjects 

Ten elite rugby league forwards (age = 21.8 ± 2.0 y; body mass = 106.7 ± 5.7 kg 

V02max = 45.8 ± 2.4 mL·kg-1·min-1) from an Australian National Rugby League 

(NRL) club (Parramatta Eels) volunteered to participate in the study. The rugby 

league players were undertaking their normal general-preparation pre-season training 

during the study. Subjects were free from any known injury and illness at the start of 

the study. All subjects received written and verbal explanation of the study informing 

them of all risks and benefits associated with participation, and written informed 

consent was obtained. Ethical approval was granted by the University Human 

Research Ethics Commi ttee for all experimental procedures. 

Design 

The subjects visited the laboratory on three occasions prior to the five-week training 

period and on two more occasions following the training period. The first visit 

included familiarisation with testing procedures (i.e., the NMT) and collection of 

anthropometry. Familiarisation was completed to minimise the learning effect and 

included the exact NMT tests (i.e., 6-s maximal sprint test and 12-min rugby league 

running protocol) used in this study as previously recommended.9 Furthermore, all 

subjects were regularly using the NMT as part of their standard training regime prior 

to testing. On visit two the subjects completed a 6-s maximal sprint test followed by 

a V02max test on the NMT. Visit two formed the second familiarisation session on 

200 



the NMT.9 The subjects performed a 72-min NMT rugby league simulation 

(RL match simulation) on visit three. Following the five-week training period the 

subjects completed the V02max test on visit four. Prior to starting the V02max test, 

anthropometry measures were collected from each subject. Following the V02max 

test, each subject completed the RL match simulation on visit five. 

There were at least two days for recovery between each testing visit. Tests were 

performed at the same time of day (within 2 h) to minimise diurnal variations. All 

subjects were requested to abstain from products containing caffeine and consuming 

food in the 24 h and 2 h before each test, respectively. During the 24-48 h period 

prior to testing, subjects completed only low-volume, low-intensity training and 

abstained from physical training within 24 h of each testing session. Subjects 

recorded food and fluid intake and training practices during the 48 h prior to each test 

so that replication of the same regiment could be practised to standardise all testing 

sessions. 

Physical training 

The rugby league forwards completed their normal pre-season training for the 

five-week period, which involved 1 to 2 physical training sessions per day, six days a 

week. These training sessions were divided into aerobic and other training. Aerobic 

training consisted of sessions in which the primary focus was on physical 

conditioning as deemed by the coaching staff and included small-sided games 

training and interval training. Specifically, two high-intensity (>90% maximal heart 

rate (HRmax)) 4 x 4-min NMT interval training sessions were completed weekly by 

each subject. The 4-min NMT simulation was designed to mimic the running work 

profile of rugby league time-motion data. 10 Other training included physical training 

that was not aerobically conditioning in nature, such as weight training, sprint 

training, flexibility and technical skills development. The rugby league forwards 

spent on average 12.5 ± 3.5 h completing physical training per week over the five 

week training period. 
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Heart rate (HR) during each aerobic training session was recorded every 5 s usmg 

Polar Team System HR monitors (Polar® Oy, Finland). The time spent above 90% 

HRmax was determined for each subject during the five-week training period.5 

Quantification of the training load for all training sessiOns during the five-week 

period was calculated for each subject using the session rating of perceived exertion 

(RPE). 11 This method measures the subjective training load for each subject by 

multiplying the training duration (min) by session-RPE using the CR10-scale. 12 

Subjects were also required to complete the Daily Analyses of Life Demands for 

Athletes (DALDA) questionnaire 13 each morning prior to commencing training. The 

DALDA is divided into parts A and B, which represent the sources of stress and the 

athlete's reactions to this stress in the form of symptoms, respectively. 

Anthropometry 

A restricted anthropometric profile was obtained for each subject usmg the 

International Society for the Advancement of Kinanthropometry (ISAK) approved 

protocol and an accredited Level One Anthropometrist. This included the 

measurement of nine skinfold sites (tricep, subscapular, bicep, iliac crest, 

supraspinale, abdominal, front thigh, calf and mid-axilla), five girths (relaxed and 

flexed arm, waist, gluteal and calf) and two bone breadths (humerus and femur). 

From these measurements body-fat percentages were calculated using the LifeSize© 

computer software (Release 1.0, Human Kinetics Software, University of South 

Australia). Height was measured using the stretch stature method 14 and a standard 

stadiometer (Blaydon Stadiometer, Lugarna, NSW). Body mass was measured to the 

nearest 50 g using calibrated electronic scales (Mercury, Australia) in minimal 

clothing. 
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Maximal oxygen uptake 

Maximal oxygen uptake (V02max) was determined using a graded exercise test on 

the NMT (Force Tread Dynameter, Woodway, USA), with a Physio-Dyne® Gas 

Analysis System (Physio-Dyne®, Quogue, N.Y., USA). The gas analysis system was 

calibrated according to previously described specifications.15 Subjects performed the 

graded exercise test 20 minutes after the completion of the 6-s maximal sprint test. 

The protocol commenced at a workload of 6 km·h-1and increased by 2.0 km·h-1 every 

four minutes until volitional fatigue. Maximal oxygen uptake was taken as the 

highest 30-s average recorded during the last minute of exercise. The criteria for 

attaining V02max included any of the two following: (1) volitional exhaustion; (2) a 

RER value equal to or greater than 1.15; and (3) a plateau in oxygen consumption 

(increase less than 2 mL·kg-1-min-1
) with increased work rate. The absolute (L·min-1

), 

relative (mL·kg-1-min-1) and allometric scaled (mL·kg-0·
75 -min-1

)
16 maximal oxygen 

uptake was determined. 

Peak aerobic ruru1ing speed (V max) to elicit Y02max 17
, HRmax (Polar® Oy, Finland) 

and peak blood lactate ([BLa-]peak) measures were taken at the completion of the 

graded exercise test. Blood lactate concentrations ([BLa -]) were determined from 

0.5 J.lL capillarised blood samples taken from hyperaemic fingertips and assessed 

using a Lactate SCOUT® Portable Lactate Analyser (SensLab, GmbH, Leipzip, 

Germany). 

Ventilatory thresholds 

Ventilation thresholds (VT) were determined using the ventilatory equivalents for 

oxygen (VE·Vo2-
1
) and carbon dioxide (VE·VC02-1

) collected during the graded 

exercise test. The first ventilatory threshold (VT1) was defined as the first systematic 

increase in VE·Vo2-1 with no concomitant increase in VE·VC02-1
• The second 

ventilatory threshold (VT2) was defined as an increase in both VE·Vo2-
1 and 

VE·VC02-
1

.
18 These thresholds were determined by three experienced investigators 

using a visual identification technique previously described. 19 
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6-s Maximal Sprint Test 

Each subject completed a 6 s 'all-out' sprint test on the NMT (Force Tread 

Dynameter, Woodway, USA). The test was used as an indicator of the anaerobic 

performance of each subject and included very little skill or learning effect. Subjects 

performed three 6-s maximal sprints separated by two minutes of active recovery. 

The total work, total distance and maximal sprinting speed 9 achieved during the best 

6-s sprint was determined using Force 3.0 software (Innervations, Joondalup, 

Australia) . 

Development of RL match simulation 

The development, treadmill design and data analysis procedures of NMT team-sport 

nmning protocols have been described.9
' 

15 The RL match simulation used in this 

study was based on time-motion data of elite and semi-elite rugby league forwards. 2' 

10 A 12-min activity profile was performed successively to form two 36-min halves, 

separated by a 1 0-minute rest interval. Included in this activity profile were six speed 

categories which were each designated a specific duration based on the time-motion 

data. These included: standing (6 s), walking (3 s), jogging (3 s), running (2 s), fast 

rum1ing (2 s) and sprinting (3 s) . Additionally, a 3 x 3 s repeated-sprint ability (RSA) 

test, separated by 20 s of jogging was placed at the end of the activity profile 

(Figure 1).20 
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Figure 1: The 12-min activity profile used during the 72-min rugby league match 

simulation for a player with a maximal sprinting speed of 26 km-h-1
• This 

activity profile was performed three times in a row to form each half 

(i.e. , 36 min) of the rugby league match simulation. 

The time spent performing low-intensity and high-intensity activities were 83% and 

17%, respectively. The greater time spent in high-intensity activities when compared 

to the time-motion data10 was to account for the lack of tackling and backwards 

rum1ing in the RL match simulation. A total of 1,076 activity changes (~15 activity 

changes per min) were included in the RL match simulation, with a change of activity 

occurring, on average, once every 4 s. During the RL match simulation no verbal 

encouragement was given to any subject to standardise testing. Each subject was 

instructed prior to commencing the RL match simulation to match their speed with 

the target speed displayed and to sprint as hard as possible when required. 
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Physical performance 

Physical performance was measured by calculating the distance covered and work 

completed during (1) sprinting, (1) the RSA test and (3) total for the RL match 

simulation. The distance covered, work completed, and maximal sprinting speed 

reached for each sprint during the 12-min activity profile (i.e. , 7 sprints) were also 

totalled or averaged for the RL match simulation. To determine whether the subjects 

completed the same amount of physical work during the RL match simulation on 

each testing occasion, the total distance covered and total work completed 

independent of sprinting were calculated. Physical performance measures of 

distance, maximal sprinting speed and work were used in this study, as they have 

been shown to be the most reliable measures of physical performance during team-

sport simulations on a NMT. 9 

Physiological responses 

Oxygen uptake was measured using open-circuit spirometry (Physio-Dyne®, Quogue, 

N.Y., USA) during the last 12-min activity profile of the fi rst and second half of the 

RL match simulation. Heart rate was recorded every 5 s during the RL match 

simulation using Polar Team System recordable HR monitors and analysed with the 

Polar Precision Performance SW version 4.02 HR analysis software package (Polar, 

OY, Finland). Blood lactate samples were drawn from all subjects immediately 

following each 12-min activity profile, for a total of six samples throughout the RL 

match simulation. Blood lactate was determined from 0.5 I--LL capillarised blood 

samples taken from hyperaemic fingertips and assessed using a Lactate SCOUT® 

Portable Lactate Analyser (SensLab, GmbH: Leipzip, Germany). 

Reliability 

The reliabili ty of the physical performance and physiological responses during NMT 

team-sport running protocols has been described.9 The reproducibility of physical 

performance measures was good to moderate ( 1.3-10.1 % coefficient of variation 

(CV)). The reliability of physiological measures was good to poor (1.7- 17.6% CV). 

To identify 'real ' differences in physical performance and physiological responses 10 

206 



during the RL match simulation, the CV with 95% confidence intervals (CV 95% CI) 

was calculated for all data. 21 

STATISTICAL ANALYSES 

Data were tested for violations of the assumption of normality and homogeneity of 

variance using the Shapiro-Wilks statistic, and Levene ' s Test for equality in 

variances, respectively. While no data violated these assumptions, due to the small 

final sample size (n = 6) in this study, nonparametric statistics were used. 22 

Differences in aerobic fitness and anaerobic performance measures pre and post the 

five-week pre-season training period were determined using the Wilcoxon 

signed-rank test. Differences in physical performance and physiological responses 

measured during the RL match simulation between pre- and post-testing were also 

determined using the Wilcoxon signed-rank test. A pooled SD was used to determine 

effect sizes (Cohen's d)?3 Effect size values of 0.2, 0.5 and above 0.8 were 

considered to be small, moderate and large effects, respectively.23 Relationships 

between the change in aerobic fitness and anaerobic performance measures and 

changes in physical performance and physiological responses during the RL match 

simulation were detennined and tested using Spearman's product-moment correlation 

coefficient. Statistical significance was set at P < 0.05. Analyses were perfom1ed 

using SPSS (Version 15.0, Chicago, USA). Due to the normal distribution of data in 

this studl4
, all data are reported as the mean ± SD unless otherwise stated. 

RESULTS 

Subjects 

Four subjects did not complete all training sessions due to minor soft-tissue injuries 

(n = 3) and illness (n = 1). The data of these subjects were excluded from this study. 
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Training loads and heart rates 

Figure 2 shows the total weekly training load completed for the six elite rugby league 

forwards during the five-week pre-season training period. Figure 3 shows the 

DALDA Part B (symptoms of stress) 'better than normal' and 'worse than normal ' 

responses. The mean weekly total training load for the forwards was 2861 ± 544 AU, 

with aerobic and other training comprising mean weekly loads of 1751 ± 531 AU and 

1110 ± 463 AU, respectively. The forwards also spent an average of 35.3 ± 12.2 min 

above 90% of HRmax each training week. 
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Figure 2: Mean total training load (training duration x RPE) during the five weeks 

of pre-season training (n = 6). Aerobic training consisted of sessions that 

were conditioning in nature, such as small-sided games and interval 

training; other training consisted of weight training, speed training and 

technical skills training; AU= arbitrary units. 

208 



w 
t: 

3.5 

3.0 2.5 
A 

_.__Better than norrml 

~ 2.0 
<( 
Cl 
~ 1.5 
Cl 

1.0 \ 1\ 
0.5 ._. ' 

0.0 

3.5 B 
3.0 -o- Worse than nonrnl 

~2.5v 
a.. 2.0 
<( 

g 1.5 
<( 
Cl 

1.0 

0.5 

I 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 

Training D-d ys 

Figure 3: Changes in (A) DALDA Part B 'c' scores, indicating symptoms are 

'better than normal' during the five weeks of pre-season training, and (B) 

DALDA Part B 'a' scores, indicating symptoms are 'worse than nonnal' 

during the five weeks of pre-season training (n=6). 

Aerobic fitness measures 

Table 1 shows the physical characteristics, V02max and VT both pre and post 

five-weeks of pre-season training for the six elite rugby league forwards. The 

forwards demonstrated improvements in V02max, VT 1 and VT 2 following five weeks 

of pre-season training (Table 1; P < 0 .05). Body fatness also decreased in all 

forwards following the training period (Table 1; P < 0.05). 
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Table 1: Differences in physical characteristics and aerobic fitness measures pre and post five weeks of pre-season 

training in elite rugby league forwards (n = 6). 

Physiological Measures Pre-Training Post-Training Change PValue Effect Size 

(mean± SO) (mean± SO) (%) (d) 

Physical Characteristics 

Body mass (kg) 106.8 ± 5.2 106.8 ± 5.2 -0 .8 0.463 0.2 

Body fat (%BM) 16.4±2.1 15.1 ± 1.6 -8.7 0.041a 1.0 

Sum 9 skinfolds (mm) 111.2 ± 14.3 103.0±11.0 -8.2 0.046a 0.9 

V0 2max 

Absolute (L·min-1) 4.9 ± 0.2 5.1 ± 0.3 4.1 0.046a 0.9 

Relative (ml·kg-1-min-1
) 45.6 ± 2.4 47.8 ± 2.1 5.0 0.028a 1.1 

Allometric scaled (ml-kg-0·
75 -min-1) 146.4 ± 6.8 153.2 ± 6.0 4.6 0.028a 1.2 

Ventilatory Threshold 

VT1 (L·min-1
) 3.6 ± 0.2 3.8 ± 0.3 4.7 0.046a 0.8 

VT2 (L·min-1
) 4.2 ± 0.3 4.5 ± 0.3 9.5 0.028a 1.4 

VT1 (ml·kg-0·
75·min-1

) 108.9 ± 7.9 115.0 ± 7.2 5.8 0.028a 0.9 

VT 2 ml·kg-0.
75-min-1

) 125.0 ± 9.4 137.1±6.0 10.2 0.043a 1.5 
a. significant difference to P<0.05 between pre- and post-training; VT, ventilatory threshold. 
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Anaerobic fitness measures 

The forwards showed an improvement in maximal sprinting speed during the 6-s 

maximal sprint test following the five weeks of pre-season training (pre- vs. 

post-testing: 7.5 ± 0.1 vs. 7.7 ± 0.3 m·s-1
; P = 0.043, d = 0.9). However, no 

differences were found in the total work completed (5.5 ± 0.3 vs. 5.9 ± 0.7 kJ; 

P = 0.249, d = 0.8) or total distance covered (40.2 ± 0.4 vs. 41.2 ± 1.0) m; P = 0.116, 

d = 1.4) during the 6-s maximal sprint test between pre- and post-testing. 

Rugby league match simulation 

Performance measures 

Table 2 shows the differences in sprinting performance measures for the first half, 

second half and entire RL match simulation pre and post five weeks of pre-season 

training for the six elite rugby league forwards. The forwards covered a greater total 

distance sprinting during the post RL match simulation, when compared to pre-testing 

measures (Table 2; all P = 0.028). The forwards also covered a greater total distance 

excluding sprinting during the second half (3733 ± 331 vs. 3939 ±199m) and entire 

RL match simulation (7575 ± 647 vs. 7960 ± 351 m) following the pre-season 

training petiod (all P = 0.046, all d = 0.8). There was no difference in the amount of 

total work performed independent of sprinting during the RL match simulation 

(583 ±57 vs. 600 ± 27 kJ) between pre- and post-testing (P = 0.463, d = 0.4). 
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Table 2: Differences in physical performance measures during a 72-min rugby league match simulation pre and post 

five weeks of pre-season training in elite rugby league forwards (n = 6). 

Performance Measures 

First half 

Distance Total (m) 

Sprint (m) 

RSA sprint (m) 

Work Total (kJ) 

Sprint (kJ) 

RSA sprint (kJ) 

Second half 

Distance Total (m) 

Sprint (m) 

RSA sprint (m) 

Work Total (kJ) 

Sprint (kJ) 

RSA sprint (kJ) 

Match 

Distance Total (m) 

Sprint (m) 

RSA sprint (m) 

Work Total (kJ) 

Sprint (kJ) 

RSA sprint (kJ) 

Pre-Training 

(mean± SD} 

4097 ± 347 

254 ± 22 

128 ± 11 

341 ± 29 

41.3±2.3 

20.4± 1.6 

3990 ± 340 

257 ± 11 

130 ± 11 

326 ± 30 

41.3±2 .0 

19.9±1.3 

8087 ± 674 

511 ± 31 

257 ± 21 

666 ±58 

82.6 ± 3.8 

40.2 ± 2.7 

Post-Training 

(mean± SD) 

4326 ± 159 

305 ± 14 

151 ± 7 

358 ± 19 

50.0 ± 4.0 

23.5±2.1 

4251 ± 194 

311 ± 15 

152 ± 7 

344 ± 10 

51.3 ± 3.0 

24.0 ± 1.0 

8577 ± 338 

616 ± 26 

303 ± 12 

702 ± 26 

101.2 ± 6.4 

47.5 ± 2.5 

Change 

(%} 

6.1b 

20 .7b 

18.9b 

5.5 

21.1 b 

15.8b 

6.9b 

21.5b 

17.6b 

6.3b 

24.0b 

21.1b 

6.5b 

21.0b 

18.2b 

5.9b 

22.5b 

18.4b 

cv 
(95% Cl} 

1.3 to 3.4 

1.3 to 3.3 

4.2 to 10.8 

2.2 to 5.5 

3.8 to 9.8 

2.8 to 7.3 

1.3 to 3.4 

1.3 to 3.3 

4.2 to 10.8 

2.2 to 5.5 

3.8 to 9.8 

2.8 to 7.3 

1.3 to 3.4 

1.3 to 3.3 

4.2 to 10.8 

2.2 to 5.5 

3.8 to 9.8 

2.8 to 7.3 

PValue 

0.0468 

0.0288 

0.0288 

0.0288 

0.0288 

0.0288 

0.0468 

0.0288 

0.0288 

0.0288 

0.0288 

0.0288 

0.0468 

0.0288 

0.0288 

0.0288 

0.0288 

0.0288 

Effect Size 

(d) 

0.9 

3.1 

2.7 

0.8 

2.9 

1.9 

1.0 

4.6 

2.6 

0.9 

4.1 

3.9 

1.0 

4.0 

2.9 

0.9 

3.9 

3.1 
8

, significant difference to P < 0.05 between pre- and post-training ; CV, coefficient of variation; Cl, confidence interval; RSA, repeated-sprint 
ability; b, above the upper level of CV 95% Cl. 
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Figure 4 shows the differences in individual sprint distances and mean maximal 

sprinting speed during the RL match simulation pre and post the five-week pre-season 

training period for the six elite rugby league forwards. The forwards showed an 

increase in the total distance covered above the upper limit of CV 95% CI during 

sprint 1 (percentage change, CV 95% CI: 17.6o/o; 6.3-16.6), sprint 2 

(43.6%; 6.0-15.7), sprint 3 (28.2%; 7.3-19.6), sprint 4 (19.5%; 6.3-16.6), sprint 5 

(18.0%; 5.3-14.0), sprint 6 (17.4o/o; 5.8-15.3), and sprint 7 (19.8o/o; 5.4-14.2) in the 

RL match simulation following the training period (Figure 3; all P = 0.028). The 

forwards also demonstrated an increase in mean maximal sprinting speed above the 

upper limit of CV 95% CI during sprint 1 (percentage change, CV 95o/o CI: 7.2%; 

2.4-6.0), sprint 2 (17.4%; 2.4-6.1), and sprint 3 (12.8%; 1.7-4.4) in the RL match 

simulation following the pre-season training period (Figure 3; P < 0.05). The total 

work completed during sprint 1 (percentage change, CV 95% CI: 16.9%; 4.2-10.8; d 

= 1.7), sprint 2 (46.5%; 5.5-14.3; d = 3.8), sprint 3 (39.7%; 7.5-19.8; d = 3.0), sprint 

4 (20.8%; 7.5-19.9; d = 3.1), sprint 5 (16.9%; 6.2-16.2; d = 3.5), sprint 6 

(17.5%; 8.7-23.2; d = 2.2) and sprint 7 (22.2%; 6.8-18.1; d = 2.2) also increased 

during the RL simulation following the training period (all P = 0.028). 
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Figure 4: Differences in (A) mean peak speed, and (B) mean total distance for each 

sprint during a 72-min rugby league match simulation pre and post five 

weeks of pre-season training in elite rugby league forwards (n = 6). 

a Significant difference between pre- and post-training (P < 0.05); 

b percentage change between pre- and post-training above the upper level 

of coefficient of variation with 95% confidence interval; d, Cohen' s d 

effect size. 
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Physiological measures 

Figure 5 shows the differences in mean blood lactate concentration for the first half, 

second half and entire RL match simulation pre and post five weeks of pre-season 

training for the six elite rugby league forwards. The forwards demonstrated a 63.7% 

and 38.9% increase in mean blood lactate concentration during the second half and 

entire RL match simulation when compared to pre-testing measures, respectively 

(Figure 5; all P = 0.028). Mean HR during the RL match simulation (175 ± 9 vs. 

171 ± 7 beats·min-1; P = 0.116, d = 0.5) was similar for the forwards both in pre- and 

post-testing. No significant relationships were shown between the change in any 

aerobic fitness or anaerobic performance measures with the change in sprint 

performance parameters measured during the RL match simulation, pre and post five 

weeks of pre-season training (P > 0.05). 
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Figure 5: Differences in mean blood lactate concentration for the first half, second 

half and entire duration of the 72-min rugby league match simulation pre 

and post five weeks of pre-season training in elite rugby league forwards 

(n = 6). a significant difference between pre- and post-training (P < 0.05); 

b percentage change between pre- and post-training above the upper level 

of coefficient of variation with 95% confidence interval 10
; d, Cohen's d 

effect size. 

DISCUSSION 

This study was the first to investigate the effects of the general preparation phase of 

pre-season training on laboratory measures of aerobic fitness in elite rugby league 

forwards. The five-week training regime used in this study was effective in 

improving aerobic fitness in elite rugby league forwards . This is consistent with most 

previous research of professional team-sport athletes4
-
8

' 
25

, but not a11.26 For example, 

29 professioll1al junior soccer players showed a 7% increase in both V02max and 

lactate threshold following four weeks of high-intensity (90- 95% HRmax) interval 

training duriing the pre-season.6 No further increases in V02max were found 
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following a further eight weeks of in-season training. In agreement with the previous 

research6
, the improvement in aerobic fitness in this study was mainly due to the 

timing of the general preparation pre-season training period in which players were 

resuming training after eight weeks of post-competitive season detraining that was 

not monitored. 

It is widely known that individuals of a lower physical fitness status require less 

training stimulus for physiological improvements to occur.27 The aerobic 

fitness levels (45.6 mL·kg-1·min-1
) of the forwards prior to training in this 

study are below values reported for semi -professional rugby league players 

(50.5-57.9 mL·kg-1·min-1
)

28
' 

29 and most other professional team-sport athletes 

(~56.7-58 . 1 mL·kg-1·min-1
).

5
' 

6 Therefore, the lower initial fitness level of the 

forwards may have contributed to the increase in aerobic fitness following the 

pre-season training period. However, differences in body mass, metabolic cart or test 

protocol employed may also explain the differences in aerobic fitness levels between 

rugby league players and other team-sport players. 

Recent research has shown that expressing oxygen uptake in relative terms 

underestimates V02max in heavier subjects and that dimensional scaling should be 

used when comparing subjects of different body masses. 16 Using allometric scaling, 

maximal oxygen uptake was greater for the forwards (45.6 mL·kg-1·min-1 vs. 

146.4 mL·kg-075 ·min-i) in this study when compared to elite youth soccer players 

(58.1 mL·kg-1·min-1 vs. 139.9 mL·kg-075 ·min-1) who showed a higher V02max when 

expressed relatively (i.e. mL·kg-'·min-1
)

5
• This may partly explain the lower increase 

in aerobic fitness experienced for the n1gby league forwards (5%) when compared to 

this previous study (11 %)5 and other previous research investigating four weeks of 

pre-season training (7%).6 However, in general the scaled V02max values in the 

present cohort are lower than most elite open-aged soccer players. 30 Additionally, 

the smaller increases in scaled aerobic fitness in this study may also be due to the 

large requirement for strength training in professional rugby league. Nonetheless, 
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when combined, these results indicate that V02max is restored relatively quickly 

following a period of detraining for elite rugby league forwards. 

The RL match simulation used in this study elicited similar HR responses to those 

reported from match play in junior elite rugby league (87% of HRmax)31
, although the 

HR responses of the elite forwards (88% HRmax) during the RL match simulation 

were higher than those reported from match play in amateur (78% HRmax)32 and 

semi-professional (84% HRmax)28 rugby league. This is in agreement with previous 

research reporting increased exercise intensity during soccer matches as the playing 

d d 0 25 stan ar Improves. However, previous research has shown similar physical 

demands during a match in elite and semi-elite rugby league players. 10 Therefore, the 

difference in HR responses may be due to the increased high-intensity activity 

incorporated in the RL match simulation to account for tackling and backward 

runmng. Additionally, the mean blood lactate response during the RL match 

simulation was 7.5 mmol-L-1
, which is similar to the values reported in 

semi-professional rugby league (7.2 mmol·L-1
)

28
, but higher than amateur rugby 

league (5.2 mmol·L-1
)

32 during match play. These physiological responses combined 

with the frequency of activity changes (~4 s) and distance covered during the RL 

match simulation show that this test is higher than the work demands of junior elite 

and semi-professional rugby league. Future studies should examine the physiological 

responses (i.e., HR and blood lactate concentrations) of players during rugby league 

match play to assess the validity of the match simulation used in this study. 

This is the first study to investigate sprint performance during simulated rugby league 

match running in elite forwards following pre-season training. The results show that 

sprint indices improved following the pre-season training period. Specifically, the 

distance covered sprinting during the RL match simulation increased by 21%, while 

the distance travelled during the RSA test improved by 18%. These results may be of 

particular interest to coaches as they highlight the importance of improving aerobic 

fitness during the preseason. Indeed, the present results show that professional rugby 

league players benefit from large improvements in match-specific running 
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performance with moderate improvements in aerobic fitness. These findings may be 

consistent with previous research identifying an improvement in V02max and 

increase in the number of sprinting bouts performed during a soccer match. 5' 
33 While 

a potential limitation of this study was that the use of a standardised RL match 

simulation did not allow for variations in the number of sprinting bouts performed, 

the greater distance covered sprinting may be similar to an increase in the number of 

sprints completed during a rugby league match. It is also possible that the increase in 

sprint distance travelled during the RL match simulation may be associated with the 

learning effects of running on the NMT. However, the subjects in this study 

completed two familiarisation sessions9 and were experienced in running on the 

NMT, as the players used this treadmill as a regular part of training. 

Blood lactate concentration is often used as an indicator of anaerobic glycolytic 

energy production.25 The results of this study show a 64% increase in [BLa-] during 

the second half of the RL match simulation following the training period. 

Furthermore, although not significant, [BLa-] tended to be higher (Cohen's d = 3.9) 

during the second half when compared to the first half of the RL match simulation 

following the training period. This increase in [BLa-] may be reflective of the higher 

physical workload completed by the forwards during sprinting, requiring greater 

glycolytic production.25 The ability of the forwards to provide more anaerobically 

derived energy during sprinting is most likely due to the sprint training incorporated 

in the five-week training program, which consisted of repeated bouts of brief 

(i .e., < 10 s) sprinting efforts. Metabolic and morphological adaptations associated 

with this type of sprint training, such as an increase in lactate dehydrogenase34
, 

phosphofructokinase34 and glycogen phosphorylase34 as well as type II fibres 34
, may 

have resulted in the higher [BLa -] measured during the second half following the 

training period. When combined, these results suggest that due to the sprint training 

incorporated in the five-week training period, the forwards were able to improve 

performance during sprint efforts in the RL match simulation, especially towards the 

end of a match. 
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This study failed to reveal a relationship between changes in aerobic fitness levels 

and simulated rugby league sprinting performance during the five-week training 

period. This is in agreement with previous research reporting no significant 

correlation with changes in laboratory aerobic fitness measures and changes in 

physical performance measured during match play in 29 junior professional soccer 

players following four weeks of high-intensity pre-season training. 6 Accordingly, the 

improvements in sprint performance in this study could be related to other 

physiological adaptations not investigated. Such adaptations may include an increase 

in the buffering capacity of the muscle27, improvements in Na+K+-ATPase pump 

density 7
, enhanced PCr resynthesis35 or an increase in ion transport proteins. 36 

Regardless, this study failed to show a relationship in the changes in aerobic fitness 

following pre-season training with the changes in simulated rugby league match 

sprint performance. 

Limitations are inherent in most intervention studies and testing protocols, especially 

when dealing with professional athletes. A limitation of this study was the small 

sample size used. To compensate for this limitation, conservative nonparametric 

statistics were used and effect sizes were determined to identify the strength of the 

aerobic fitness measures and rugby league simulated sprint performance changes 

following the pre-season training period. Future studies examining the influence of 

aerobic changes on subsequent match performance in professional rugby league 

should endeavour to use larger sample sizes.9 Another limitation is the absence of a 

control group. The use of a control group is difficult, if not unethical, when dealing 

with professional rugby league clubs and players.7 However, we have reported the 

measurement error of RL match simulation performance variables used in this study 

so that 'real' differences, independent of systematic error, may be determined. 10 

Overall, while there are limitations in this study, the results do provide new 

knowledge of the effects of pre-season training on aerobic fitness and subsequent 

physical performance in elite rugby league forwards that have not previously been 

reported. 
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CONCLUSION 

In summary, the current training program employed during the general preparation 

phase of pre-season training was effective in increasing aerobic fitness in elite rugby 

league forwards. Likewise, sprint performance during simulated rugby league match 

running increased following the training period. Although both aerobic fitness levels 

and sprint performance during the RL match simulation increased, no relationship 

between the changes in these measures during the training period was shown. 

PRACTICAL APPLICATIONS 

We recommend that an emphasis be placed on the development of aerobic fi tness for 

professional rugby league forwards during the general preparation phase of 

pre-season training. We suggest that a large portion of weekly training during this 

phase be devoted to aerobic training that heavily taxes the aerobic mechanisms. This 

aerobic training should endeavour to involve high-intensity interval training above 

90% HRmax and incorporate activities that are specific to the movement demands of 

forwards during match play. 
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Chapter 9 
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OVERVIEW 

This thesis has presented three studies that attempted to extend the current 

understanding of the match demands and physical training practices of professional 

rugby league players. Initially, a study was conducted to determine the reliability of a 

computer-based tracking (CBT) method for quantifying time and motion 

characteristics of team sports. Following this, two experiments were conducted to 

describe and compare the match demands of professional rugby league players with 

particular focus on the level of competition and positional roles. Based on these 

findings a team-sport specific running performance test using a non-motorised 

treadmill was developed and its test-retest reliability was determined. This led to the 

development of a highly specific testing protocol for rugby league forwards, which 

was then used to assess the influence of current pre-season training regimes on 

aerobic fitness and subsequent match performance in elite rugby league forwards 

(Figure 1). In the final section of this thesis, key findings from the present work are 

highlighted and discussed in light of related research. A venues for future research as 

well as recommendations arising from the present results are also considered. 
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Study 1: , 
Matctl' demands of< 

professional {ugh}/-league 

Reliability of time-motion 
analysis method 

Comparison of elite and 
semi-elite rugby league 

Positional demands of 
elite rugby league 

Reliability of testing method 

Study 3: 
Intervention study using team-sport 

testing method 

! 
Development of specific 

rugby league testing protocol 

Examination of pre-season training on 
fitness indices of professional rugby league 

Figure 1: Outline of the research progress linking the three maJor studies 

undertaken in this thesis. 
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SUMMARY 

Study 1 

Chapter 3 determined the intra-rater reliability of usmg a CBT system for 

time-motion analysis of team sports, including rugby league match play. The results 

revealed that the CBT system had an acceptable level of reliability as an evaluation 

tool for examining the movement patterns of professional rugby league. However, 

there was a tendency for the CBT system to be less reliable when measunng 

movement activities at higher running speeds or stationary activities. It is therefore 

suggested that time-motion results from CBT need to be interpreted in conjunction 

with the error of measurement so that scientists and coaches are able to identify 'real' 

differences in movement measurements. Overall, the CBT system provides a similar 

acceptable level of reliability for time-motion analysis to other video-based tracking 

systems [1] or global positioning systems (GPS) [2]. Therefore, the present results 

show that the CBT system may be used as an alternative to other time-motion 

analysis methods for team sports when portable tracking devices (e.g., GPS devices) 

are not permitted, such as in rugby league or where the cost of semi-automatic 

computerised tracking systems is prohibitive. 

Chapter 4 quantified the physical and game-specific skill demands of elite and 

semi-elite rugby league match play and examined the differences in these variables 

between the two standards of competition. This was the first study to attempt to 

compare the demands of competition for players of differing playing standards. The 

results show that while elite and semi-elite players have a similar physical and 

game-specific skill demand placed on them over a match, variation does exist within 

a match between the two playing levels. Irrespective of playing level, it was shown 

that professional rugby league match play requires players to complete frequent bouts 

of high-intensity activity separated by longer bouts of low-intensity activity. It was 

also established that even though repeated-sprint bouts rarely occur throughout a 

match during elite or semi-elite competition, these events may occur at critical times 

[3]. By quantifying the physical and game-specific skill match demands and 

identifying differences between playing levels , coaches are better equipped to design 
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and implement testing protocols and training programs that reflect the specific 

demands of competition at the professional level. In particular, these testing 

protocols or training programs should reflect the individual work-rates 

(i.e., frequency, duration, speed and distance) and game-specific involvement 

identified for each playing level in this study. 

Chapter 5 analysed the physical and game-specific skill match demands of five 

positional groups (i.e., backs, forwards, full-back, hooker and service players) during 

elite level rugby league match play. This study provided new information regarding 

the physical and game-specific skill demands common to specific positional roles in 

elite rugby league. This study demonstrated that the ability to perform physical 

activity during the second half is related to the physical stress of the first half in elite 

rugby league. It was concluded that positional roles play an important part in 

determining the amount of physical and game-specific skill involvement during 

match play. Therefore, it is important that training or testing for these groups reflect 

these differences. In particular, physical conditioning drills should incorporate game-

specific skill-related activities specific to each positional role. These findings lend 

support to the use of skill-based conditioning drills to adequately prepare positional 

groups for the demands of a game [ 4]. 

Study 2 

Chapter 6 determined the reliability of running performance and physiological 

responses to a generic team-sport protocol on a non-motorised treadmill (NMT). This 

experiment was the first to extensively investigate the reliability of the physical 

performance and physiological responses during a NMT team-sport simulation. The 

results show that the NMT team-sport simulation elicited similar physiological 

responses to those reported during field-based running protocols and other NMT 

soccer-specific simulations [5-8]. The results also revealed that when using a NMT, 

team-sport simulations can be consistently reproduced in a controlled environment, 

providing a useful, reliable and objective tool for assessing and monitoring the 

physiological and running performance demands of team-sport activity. It was 
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concluded that a sample size of between 5 and 19 should be used in studies 

investigating team-sport running performance on a NMT. It was also established that 

two familiarisation trials should be completed prior to testing, to ensure that learning 

effects are negligible. 

Chapter 7 determined the reliability of a RSA test when completed under fatigue 

during the generic team-sport protocol. In agreement with previous research [9, 10], 

this investigation showed that RSA decrement calculations are less reliable than 

directly measured performance variables (i.e., distance and total work). It was also 

established that a minimum sample size of between 8 and 24 is adequate to detect a 

5% change in RSA performance variables during a team-sport simulation on a NMT. 

These results can be used to interpret small, yet meaningful changes in 

repeated-sprint performance when using an ecologically valid 'pre-fatigued' RSA test 

onaNMT. 

Overall, the information obtained from these reliability measures enables sports 

scientists to develop team-sport specific performance tests that more accurately 

evaluate player qualities, compare players of different playing levels and prescribe 

appropriate training for different positional groups on an individual basis. It is 

anticipated that these tests may be used for talent identification and to examine the 

effects of intervention and training strategies on player performance and 

physiological responses. 

Study 3 

Chapter 8 examined the effects of five weeks of general preparation pre-season 

training on aerobic fitness and match-related sprint performance in elite rugby league 

forwards using a specifically developed n1gby league match simulation (based on the 

findings of Study 1 and 2). In agreement with most [11-15], but not all [16] previous 

research, this investigation showed that the five-week pre-season training period was 

effective for increasing aerobic fitness in professional rugby league forwards. The 

results also showed that sprint performance during a rugby league match simulation 
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on a NMT improved following the pre-season training period. However, no 

relationship was observed between improvements in aerobic fitness and match-related 

sprint performance. These results suggest that the improvements in sprint 

performance were related to other physiological adaptations not investigated. This 

study also demonstrated how the rugby league match simulation on a NMT could be 

used to monitor performance in professional rugby league players. However, due to 

the paucity of information on the physiological demands of professional match play, 

the validity of this test still needs to be determined. 

CONCLUSION 

In summary, this thesis has attempted to increase the understanding of the match 

demands and current physical training practices of professional rugby league players. 

This was achieved by conducting various rugby-league-specific experiments within 

groups of rugby league players varying in playing ability and positional roles. The 

data entail important implications and valuable information for sports scientists, 

clubs, coaches, conditioning specialists, talent scouts and other practitioners involved 

in the process of optimising performance in professional rugby league players. 

RECOMMENDATIONS 

On the basis of the series of studies in this thesis, several recon1rnendations have been 

made. Firstly, it is suggested that the positional and playing level differences in 

match play described within this thesis are taken into account when designing training 

regimes and testing protocols for professional rugby league players. It is also 

recommended that an emphasis be placed on the development of aerobic fitness 

during the general preparation phase of pre-season training, especially for elite-level 

forwards. This aerobic training should endeavour to heavily tax the aerobic 

mechanisms and involve high-intensity interval training (e.g., > 90% HRmax) that 

incorporates activities specific to the positional movement requirements during match 

play. Additionally, it is suggested that the design of specific testing protocols for 

team sports, including rugby league, be based on the methods and approach 

developed in this thesis and modified according to the particular team sport under 
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investigation. Finally, it is recommended that future research studies interpret their 

results in combination with measurement error, so that 'real' changes independent of 

'technological, biological and systematic' error can be determined. 

Collectively, the present senes of studies have made an original and important 

contribution to the existing body of knowledge on the match demands and training 

practices in professional rugby league players. The studies have been conducted with 

high-level rugby league players in 'real-life' training and competition scenarios, using 

measurement tools that are widely used by sports scientists. Therefore, this research 

has high ecological validity and the data may be utilised and confidently applied to 

optimise the performance of professional rugby league players. 

DIRECTIONS FOR FUTURE RESEARCH 

The outcomes of the present series of studies suggest that future research: 

1. Investigate the physiological and metabolic demands of professional rugby 

league competition with particular reference to playing positions. 

2. Examine and compare whether current training activities adequately reflect 

the physical demands and physiological responses of match play in 

professional rugby league players. 

3. Examine the possible mechanism(s) responsible for improving match-related 

sprint performance in professional rugby league players following pre-season 

training. For example, future research should examine the changes in 

buffering capacity, PCr resynthesis and/or ion transport proteins following 

pre-season training that may be involved in increasing match-related sprint 

performance. 
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4. Examine the influence of different training approaches and periodisation 

strategies on physiological and performance changes in professional rugby 

league performance. 

5. Attempt to develop a specific testing protocol that incorporates both the 

running demands and skill components of professional rugby league match 

play that can be implemented in a real environment. This test may then be 

used for talent identification purposes and for the development of elite rugby 

league performance. 

Ideally, future research should analyse data using the smallest worthwhile change 

method established in this thesis. 
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