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INTRODUCTION


Over the last twenty years the professionalization of both codes of rugby has led to increasing demands on players and a greater spectacle for the supporter. Science has played a large part in this development. Professional rugby clubs around the world now employ a number of scientific staff with the aim of optimizing players’ performance and this practice will only continue to increase over the coming years as coaches and players look for that extra edge to their performance.


Having worked in both professional rugby league and union for the past decade, it is clear how the ever-evolving science has influenced (and continues to influence) our practice. The need to provide coaches and players with cutting-edge information is key to the success and longevity of a practitioner. Alongside the increasing application of science within practice, the interest and development of research within rugby has also increased dramatically in recent years. Owing to their research, each of the contributing authors in this book has had a significant impact on the development of the game. A number of groups around the world undertake and publish research, continually updating the body of knowledge of how performance can be improved in rugby. This research aims to provide an evidence base to help practitioners understand the most effective ways of improving player performance.


The challenge for the practitioner across all levels of the game is to use this research evidence base effectively in practice with their players on a daily basis. This book aims to bridge the gap between theory, research and practical application of science within rugby. The book’s chapters not only provide an overview of the latest cutting-edge research for specific disciplines within rugby but also provide a case study of how this research is applied or recommendations for how it can be applied in practice. Consequently, this book is essential reading for anyone within the sport, from high-level international practitioners to students wanting to learn more about sport science and its application within rugby.


Kevin Till and Ben Jones








FOREWORDS


Sir Ian McGeechan, OBE


There is no doubt that rugby in the last decade has become more intense and more physically and mentally demanding for the players. Because of this evolvement of the sport, coaches and players now need the best knowledge and information to make meaningful decisions to help them perform at the top of their game. Hence, understanding how science can now help to determine the best results for match and training performance is vital for all involved in the sport.


As a coach, it is now critical to measure the playing demands, and understand the differences between individuals and positions in order to be able to plan monthly and weekly training to create the most effective and repeatable outcomes. Once a coach has this knowledge it is important that it can be shared and acted upon by all the support staff involved in the programme.Player’s bodies need continuous conditioning and nutritional interventions to support training activity and recovery. In addition, medical staff need to analyze player injury management and rehab to ensure a healthy player. As a coach, using information from sports science and analysis allows a clear picture of the strengths and weaknesses of the skills to be targeted or interpretations in controlling contact. The better this becomes the more impact a player will have on a game. From this clarity comes confidence to play with a positional mental approach. Psychologically we, as coaches, are producing stronger players.


As an ex-schoolmaster, I am also conscious we must map and plan the programmes for young developing players. We must understand the physical and mental requirements of players developing in the game from fifteen to adulthood. Science now allows us to plan that progress better than ever and give young players the best pathway for success.Whether delivering rugby as a coach, playing it or developing through it, or indeed as part of the essential support service behind it, I believe it is now so important for everyone to have the complete picture, which books such as this provide.


If we do this together, then the sport is in good hands.


Sir Ian McGeechan OBE


Kevin Sinfield MBE and Jamie Peacock MBE


Having both played at the top level of rugby league for more than a decade, as well as both captaining our country, we understand the importance of science for rugby. Since starting playing professionally almost twenty years ago, the development of the science within the game has been fundamental to maintaining and developing our performances over our careers. Collectively, this has led to us winning fourteen Super League Grand Finals, four Challenge Cup Finals and seven World Club Challenges, while making more than 950 Super League and eighty-eight international appearances. During our playing careers, the intensity of the competition has increased significantly. As a result of this, our preparations for a season and for each game is a detailed plan, preparing us to perform optimally week in, week out.


Our preparations now include looking carefully at the demands of training and playing through wearing GPS technology. We are regularly fitness tested and have individual recovery and nutritional programmes to support our recovery and training. Strength and conditioning, injury management and rehab are a major part of our training week, alongside developing the technical and decision-making aspects of our rugby. Also, we have seen the detail that coaches go into when planning and delivering our training and match preparation.The development of youth players is now a major focus in preparing them for Super League competition. All these areas are covered in this book, which shows the level of detail that science now plays in the preparation of a Super League player.


The current research in rugby is also impressive but the exciting part within the sport is seeing that research being used in clubs by practitioners and coaches. As such, it is important that all coaches, old and young, keep up to date with the latest research and apply it to their practice. This book should therefore act as a key resource for students entering into rugby and coaches who have worked in the game as long as we have played.


We both recommend this as the practitioner’s handbook and look forward to seeing how science continues to progress the sport over the next two decades.


Kevin Sinfield MBE and Jamie Peacock MBE





CHAPTER 1





THE MOVEMENT AND PHYSIOLOGICAL DEMANDS OF RUGBY


Damien Austin and Tim Gabbett


INTRODUCTION


Rugby is a sport that involves skill, ball play, tackling, kicking, team work, positional specific play and the ability to read the opposition. Based on this, rugby has large technical, tactical and physical demands.There are two codes of rugby: rugby league and rugby union. Both rugby codes are international field sports that involve competitions across various levels and age groups, from amateur to elite. Although the objectives of both codes are the same, there are fundamental differences that impact upon the two sports.


Rugby League


Rugby league consists of two teams of thirteen players (and four interchange players) who compete for two halves of forty minutes (modified for junior competitions based on age), separated by a ten or fifteen-minute half-time recovery. The laws of the game dictate that a team has a set of six tackles to progress the ball over the opposition’s try line and score a try. A player is considered tackled when he is in possession of the ball and either held stationary or put to the ground by the opposing team. The attacker then plays the ball between their feet to progress to the next phase of play; the same team is then allowed to pass (only backwards), run or kick the ball until the next tackle. Up to two players from the opposing team are permitted to stand in front of the tackled player, known as markers, while the rest of the team must retreat 10m. Possession of the ball is relinquished either after the sixth tackle is completed, the opposing team kicks, makes a mistake or a law of the game is infringed (i.e. a penalty). Points are scored via grounding the ball over the opposition’s try line through conversions, penalties or drop kicks. The successive interchange of ball possession means players are required to attack and defend throughout the game (Gabbett, 2005).
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Fig. 1.1: Rugby league playing position structure. The red team represents the playing positions (P–prop, H–hooker, SR–second row, L–loose forward, SH– scrum half, FE – five-eight, C–centres, W– wings and FB–fullback). The blue team represents the numbers worn by each of the individual playing positions.


The thirteen players are split across nine different playing positions in a team and with each position there are different playing demands (Austin and Kelly, 2013, Austin and Kelly, 2014, Gabbett, 2005). Player numbers and positions are shown in Figure 1.1. Positions are generally classified based on role similarities; forwards (two props, one hooker, two second row and one loose forward) and backs (one scrum half, one stand-off/ five-eighth, two centres, two wingers and one fullback) or further classified as hit-up forwards (inclusive of front row forwards), wide-running forwards (second row and loose forward), adjustables (hooker, scrum half, stand-off/five-eight) and outside backs (centres, wings and fullback).


Rugby Union


Rugby union consists of two teams of fifteen players (and up to seven interchange players) who also compete for two halves of forty minutes (modified for junior competitions based on age), separated by a ten or fifteen-minute half-time recovery. Rugby union is a territorial game in which the aim is to progress the ball over the opposition’s try line by running with the ball, kicking the ball and/or passing the ball by hand (only backwards) to another team member. The team in possession of the ball has an unlimited tackle count and may lose possession through an error (e.g. dropping the ball, losing possession in a ruck), penalty infringement or through kicking the ball. Points can be made through scoring tries, penalty kicks, drop goals or conversions.


Rugby union matches can be restarted via scrums, line-outs, kicks or a tap, depending on the infringement or how possession was conceded. A breakdown occurs when the defending side stops the player with the ball, either by bringing them to ground (a tackle, which is frequently followed by a ruck) or by contesting possession with the ball carrier on their feet (a maul). In a maul the ball handler remains on his feet and once any combination of at least three players have bound a maul has been set. A ruck is similar to the maul but the ball has gone to ground with at least three attacking players binding themselves on the ground to secure the ball. Should the ball leave either side boundary of the field, a line-out is awarded against the team that last touched the ball. Forward players from each team line up a metre apart, perpendicular to the touchline and between 5m and 15m from the touchline, while the hooker of the team that didn’t play the ball last throws the ball from the sideline, down the centre of the two forward lines. The exception to this is when the ball went out from a penalty, in which case the side that gained the penalty throws the ball in.
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Fig. 1.2: Rugby union playing position structure. The red team represents the playing positions (P–props, H–hooker, SR–second row, L – lock, F – flanker, SH–scrum half, FH–fly half, C–centres, W – wings and FB–fullback). The blue team represents the numbers worn by each of the individual playing positions.


The fifteen rugby union players are split across ten playing positions with player numbers and positions shown in Fig. 1.2. Positions are generally classified, based on role similarities, into forwards and backs. Forwards are classified as either front row forwards (inclusive of two props and one hooker) or back row forwards (two second row, two flankers and one lock), while backs are classified as inside backs (one scrum half, one fly half) and outside backs (two centres, two wingers and one fullback).


Both rugby codes are characterized by intermittent, high-intensity exercise in which players are expected to frequently run at high speeds and engage in physical contact with opposing players (e.g. scrums, rucks, mauls and tackles) (Austin et al., 2011a, Austin et al., 2011c). Due to the game demands, physical performance is very important and therefore players require high levels of strength, power, speed, agility and endurance (Baker and Newton, 2006, Gabbett et al., 2007). The impact of professionalism and rule changes over the last two decades have resulted in more intense matches and, at the elite levels of the game, players are now quicker, stronger and possess greater endurance than elite players who competed before the game turned professional (Duthie et al., 2003b).


Understanding the differences in physical qualities and the match demands of players throughout different levels of competition are vital for coaches in the planning of training and player development. The first aim of this chapter is to detail the physical characteristics of players competing at different levels that are considered important to rugby performance, such as anthropometry, speed, muscular strength, power and aerobic capacity. The second aim is to then outline and compare the movement (such as distance covered, high-intensity efforts) and physiological (for example, heart rate) match demands of rugby league and rugby union. The chapter then uses a practical applications section to show how this information can be used by coaches working within rugby.


RESEARCH OVERVIEW


Physical Characteristics


Table 1.1 (rugby league) and 1.2 (rugby union) provide an overview of the physical characteristics of rugby players across various ages (junior and senior) and playing levels (amateur to elite).
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(Austin and Kelly, 2013, Austin and Kelly, 2014, Baker and Nance, 1999, Baker, 2001a, Baker, 2001b, Comfort et al., 2011, Gabbett, 2000, Gabbett, 2002b, Gabbett, 2002a, Gabbett et al., 2007, Gabbett et al., 2011c, Till et al., 2014d).
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(Appleby et al., 2011, Argus et al., 2009, Argus et al., 2010, Argus et al., 2011, Argus et al., 2012, Austin et al., 2013, Cunniffe et al., 2009, Durandt et al., 2009, Fletcher and Jones, 2004, Green et al., 2011a, Hansen et al., 2011b, Hansen et al., 2011a, McMaster et al., 2013a, McMaster et al., 2013b, Pienaar and Coetzee, 2013, Smart et al., 2013,Tobin and Delahunt, 2014).


ANTHROPOMETRY


Owing to the physical demands (movement and collision) placed on rugby players, they tend to have a physical stature related to their playing level and playing position (Atkins, 2006, Gabbett, 2014b). Although not always consistent, as the playing level increases players are taller and heavier, with a reduced sum of skinfolds (Quarrie et al., 1996, Smart et al., 2013). Forward positions commonly have higher body mass than backs, which is largely due to the repetitive nature of the position using mass and force in individual ball carries to a defensive line (Gabbett et al., 2010, Waldron et al., 2013).


SPEED


In both rugby codes, the ability to accelerate over short distances (up to 20m) is very important. Running speed has generally been shown to increase with age and playing level. In relation to playing position, backs will generally have a greater running speed than forwards, especially at longer distances (approximately 40m). This is due to their increased opportunity to be involved in broken play, which can allow open field space and hence use their ability to use maximum running velocity over distances greater than 40m (Comfort et al., 2011). Forwards have a greater emphasis on tackling and ball carrying involving efforts at distances of approximately 10–15m.


MUSCULAR STRENGTH AND POWER


Strength and power are important for both rugby codes due to the collision nature of the sport. Strength and power have been shown to increase with age and playing level. The most common tests of strength used in rugby are the back squat (lower body) and bench press (upper body), with the vertical jump the most common test for power. Forwards generally have greater absolute strength than backs.


AEROBIC CAPACITY


Due to the eighty-minute duration of rugby matches, the distance covered at low intensity and the intermittent involvement in high intensity activities, such as sprinting, tackling and scrummaging, means aerobic capacity is essential to performance.The aerobic capacity of elite athletes has been shown to be greater than lower playing standards. The only exception to this is for rugby union forwards, in particular front row forwards, who have been shown to have a lower aerobic capacity than other positions across different playing standards. This is most likely due to their increased body mass.
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(Austin and Kelly, 2014, Austin and Kelly, 2013, Cahill et al., 2013, Cunniffe et al., 2009, Deutsch et al., 2007, Duthie et al., 2003a, Duthie et al., 2006, Gabbett, 2012, McLellan et al., 2013, Roberts et al., 2008).


Movement and Physiological Demands


Understanding the movement and physiological demands of any sport is integral to developing training programmes to advance a player’s ability in order to meet or exceed the demands of the game. The understanding of match demands has been achieved through the use of time-motion analysis, previously through video analysis and, more recently, with Global Positioning Systems (GPS) worn by individual players in matches and training sessions. Players wear an individual GPS unit positioned between the scapulae inside a vest. The GPS units have been shown to be a valid and reliable measure of distances and speeds at low to high-intensity running (Austin and Kelly, 2013, Austin and Kelly, 2014). Players’ GPS data can be downloaded via specific software for future and in-depth analysis of a player’s or a team’s movement demands.


The awareness of the distinct differences in the types, duration and frequency of high-intensity activities, such as sprinting, tackling or repeated high-intensity efforts, is essential to understanding the demands of rugby (Duthie et al., 2003a, Duthie et al., 2005). The ability to develop and analyze skill drills and conditioning programmes allows coaches to monitor closely the physical demands and movement patterns specific to rugby.


Rugby League


PLAYING TIME


Throughout the eighty minutes, backs will generally play all the match unless injured or replaced for tactical reasons, while the forwards are generally interchanged with replacement players and can play between forty and eighty minutes. The differences in playing time occurs due to forwards generally having a higher involvement in collision events and their greater physical size impacting on fatigue throughout the match (Austin and Kelly, 2014). During a match, the total time the ball is in play at an elite standard was fifty-five minutes, while junior elite was fifty minutes (Gabbett, 2012). This ball-in-play time impacts on the physical demands placed on players, as the greater duration of ball-in-play means increased absolute running and collision demands (Gabbett, 2014a).


TOTAL AND RELATIVE DISTANCE


Total or absolute distance is the distance achieved over the completed period of time, while relative distance refers to distance covered divided by the total playing time, represented as metres per minute (m/min). While similar relative distances (m/min) are performed, differences have been found between positions for absolute distances covered. The greatest distance (5,500–8,000m) is covered by outside backs, followed by adjustables (6,000–7,000m), and hit-up forwards (3,500–6,000m [Austin and Kelly, 2014, Gabbett, 2012, Gabbett and Seibold, 2013]). Sub-elite players cover 4,000–7,500m per match, while junior elite players cover substantially less total distance (4,000–5,000m [Gabbett and Seibold, 2013, McLellan et al., 2013]). Amateur rugby league players have also been found to cover 5,000–6,000m in a match (Duffield et al., 2012).


HIGH-INTENSITY RUNNING


High-intensity running is generally defined as speeds >18km.h–1 and is considered integral to the game, and these high-intensity efforts occur at critical times during match play (Austin et al., 2011c, Gabbett, 2014b). It has been shown that high-intensity running accounts for 300–450m for props, 300–550m for wide-running forwards, 450–700m for adjustables and 650–950m for outside backs of the total distance achieved during a match (Austin and Kelly, 2013). There is a greater frequency of high-intensity running in backs compared to forwards.The differences in high-intensity running in backs covering greater distances can be due to various reasons, such as more space for backs to run before contact with the opposition, chasing a kick, line breaks or because of the greater playing time experienced by backs (Austin and Kelly, 2014, Gabbett, 2012).


REPEATED HIGH-INTENSITY EXERCISE


A repeated high-intensity exercise (RHIE) bout was defined as three or more sprints and/or tackles with fewer than twenty-one seconds recovery between each high-intensity effort (Austin et al., 2011c). The ability of players to perform RHIE is recognized as being central to elite performance in rugby league. They occur at critical phases of a match (Austin et al. 2011b) and diminish a player’s ability to perform high-intensity running in the period after a RHIE bout (Gabbett, 2014b, Johnston et al., 2014a, Johnston et al., 2014b). Hit-up forwards, wide running forwards, adjustables and outside backs have been shown to perform 8–17, 10–12, 2–14 and 3–15 RHIE bouts, respectively (Austin et al., 2011c, Gabbett et al., 2012b, Gabbett, 2014b). Elite junior players have been shown to perform slightly fewer RHIE bouts to elite players (9.7 vs. 13.1 bouts), while amateur players (9.8) also perform fewer RHIE bouts (Duffield et al., 2012, Gabbett, 2014b).


TEMPORAL CHANGES AND PACING


Due to the repetition of high-intensity exercise and the collision nature of rugby league, players experience deteriorates in most physical performance measures during the second half of match play (Austin and Kelly, 2013). During each half, the first ten minutes have been shown to be the more physically demanding, when compared to the final ten minutes of play (Austin and Kelly, 2013). Players have also been shown to ‘pace’ themselves by reducing low-intensity activities in order to maintain their involvement in high-intensity activities (Black and Gabbett, 2014). The decrement in physical performance over time has been shown to coincide with a reduction in the player’s ability to perform skill and technical-related tasks in the final stages of match play (Kempton et al., 2013). Therefore, it is the teams that can maintain intensity and skill level that generally win the matches (Black and Gabbett, 2014).
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Fig. 1.3: Mean metres per minute per ten minutes of match play in rugby league. (Austin et al. 2013a)


CONTACT/COLLISIONS


During the course of match play, collisions occur frequently as part of attack and defence (Gabbett et al., 2011d, Gissane et al., 2001). Defensive collisions, involving completed, missed or ineffective tackles are more common than attacking collisions, such as tackled in possession, broken tackles, tackles with offloads, support runs or decoy runs (on average nineteen and thirteen respectively [Gabbett et al., 2011d]). Forwards have been shown to have a higher incidence of defensive collisions per match than backs (on average thirty-eight and twenty-five per game, respectively), with no difference in playing position for attacking collisions (on average thirteen per game for each position [Gabbett et al., 2011d]).


Physiological Demands


HEART RATE


Heart rate is used as an indicator of intensity during physical activity in relationship to work rate (Coutts et al., 2003). During elite rugby league matches, the average percentage of maximum heart rate has been shown to occur at 84 per cent for forwards, 82 per cent for adjustables and 84 per cent for backs. The heart rate demands are also consistent between the first and second half of a match (Waldron et al., 2011). Sub-elite, junior elite and amateur rugby league players have been shown to have mean heart rates of 84, 93 and 78 per cent of maximal heart rate respectively (Coutts et al., 2003, Gabbett, 2005).


BLOOD LACTATE CONCENTRATION


Blood lactate concentration has been used as an index of exercise intensity (Coutts et al., 2003). It has been suggested players in higher standard competitions experience greater anaerobic demands during rugby league match play, as evidenced from the progressive increase in blood lactate concentrations of amateur (5.2 mmol.l–1), sub-elite (7.2 mmol.l–1) and elite (9.1 mmol.l–1) levels, respectively (Gabbett, 2005). Blood lactate concentrations have also been shown to be higher in the first half of match play, as opposed to the second half (8.4 and 5.9 mmol.l–1 respectively [Coutts et al., 2003]). Given that players need to perform high-intensity efforts repeatedly, the anaerobic system is highly taxed during match play, while the aerobic system is important to facilitate recovery during low-intensity activities.


Rugby Union


PLAYING TIME


Since the evolution of rugby union from amateur to professional status, the time the ball is in play has increased significantly (31 per cent of time in 1991 to 44 per cent in 2011 [IRB, 2011]). This increase in ball-in-play time has aided the spectacle of the match but also has implications for the physical fitness of players, as there are a greater number of player involvements with the ball. Playing time for rugby union is relatively similar across playing positions due to the substitution rule; once a player is substituted for tactical or for injury (other than blood control) purposes they cannot return to the field. Although, rugby union match play is usually eighty minutes, matches can last up to ninety-five minutes due to stoppages. Forward positions are generally substituted earlier than backs due to the higher physical collision rate of forwards involved in tackling and scrummaging events (McLellan et al., 2013).


TOTAL DISTANCE


There is generally no difference in the total distance covered based on playing standard, unless the playing duration is less than eighty minutes for the standard of competition (Duthie et al., 2003a). Backs will generally cover greater distance than forwards, due to them moving greater distances at lower intensities when realigning themselves for attacking and defensive positions, plus the increased need for them to carry out high-intensity running, due to positional requirements, such as cover defence. Forwards will generally also cover less distance due to the likelihood of substitution and increased fatigue related to collision events, such as tackles, rucks, mauls and duration of time spent in static exertion such as scrums (Cunniffe et al., 2009, Duthie et al., 2005, Roberts et al., 2008).


HIGH-INTENSITY RUNNING


High-intensity running, as in rugby league, is generally classified as speeds >18km.h–1 (Cunniffe et al., 2009, McLellan et al., 2013, Roberts et al., 2008). The differences between forwards and backs are primarily a result of the different roles in competition, as backs have been shown to sprint longer and more frequently than forwards, who spend greater time in static exertion activities (Austin et al., 2011a, McLellan et al., 2013). There is a need for backs to be able to beat the opposition in open play, requiring a high maximum running velocity and agility (Holway and Garavaglia, 2009, Quarrie et al., 1996).


REPEATED HIGH-INTENSITY EXERCISE (RHIE)


RHIE for rugby union includes the high-intensity running and tackling (as per rugby league). However, these bouts also include static exertion, such as scrums, rucks and mauls, which are considered highly exertive physical activities. Forwards engage in the greatest number of RHIE for the longest durations, while backs are involved in the lowest number of RHIE bouts and for the shortest periods of time (Austin et al. 2011a). In particular, scrums, rucks, and mauls are responsible for the relatively high number of repeated high-intensity exercise bouts recorded, particularly for the forwards.


TEMPORAL CHANGES AND PACING


The intermittent nature of high-intensity activity interspersed with long durations of low-intensity activity, allows rugby union players to maintain running intensity throughout a match. Comparing first and second half match play, there is an ability of players to maintain relative match play intensity without deterioration in distance or high-intensity running (McLellan et al., 2013). This is also true for ten-minute time periods throughout the match, where there is no significant difference in high-intensity running or volume, nor static high-intensity activities, such as tackling, scrums, rucks or mauls. Although there is a greater total distance travelled in the first ten minutes of play compared to the last ten minutes of a match, this change is in low-intensity running (Roberts et al., 2008). The amount of time the ball is out of play may allow players to recover from intermittent bursts of high-intensity activities and also ensure that players are likely to maintain high-intensity running while limiting lower intensity activities for recovery (Duthie et al., 2005, Roberts et al., 2008).


CONTACT/COLLISIONS


Rugby union has numerous contact and collision events throughout a match, in the form of tackles, scrums, rucks and mauls. These collisions have been shown to reach more than 450 instances recorded for a team in a single match (Fuller et al., 2007). Tackles, followed by rucks have the highest occurrence in match play occurring 221 and 143 times respectively, while scrums and mauls are substantially less at twenty-nine and nineteen occurrences, respectively (Fuller et al., 2007). Tackles are made in rugby union when the ball carrier is brought to ground, however the ball carrier can be held up to form a maul, offload the ball while on their feet or break the tackle. Approximately 90 per cent of tackling events involved one or two tacklers (McIntosh et al., 2010). With an unlimited tackle count in rugby union, collision events such as tackles and mauls, can happen numerous times in phases of play. Forwards are involved in more collision occurrences than backs due to their higher contribution in defensive situations involving tackling, scrums and mauls (McLellan et al., 2013).


Physiological Demands


HEART RATE


Heart rates of professional rugby union players during match play have been shown to average 172 beats.min–1 and reach up to 200 beats.min–1 (Cunniffe et al., 2009). Forwards, due to the higher frequency and duration in bouts of static exertion, such as scrums, rucks and mauls, have been found to spend a greater proportion of match play at >90 per cent of maximum heart rate than backs (51.1 and 41.4 per cent of time respectively [Cunniffe et al., 2009]). However, it was also shown that backs spend a higher duration in moderate heart rate zones (70–90 per cent of max. heart rate) than forwards (56.1 and 43.4 per cent of time respectively). Rugby union requires the anaerobic system to meet those high demands in the match and aerobic system to aid in the recovery and maintain low-intensity activities (Duthie et al., 2003a).


BLOOD LACTATE CONCENTRATION


Similar to rugby league, higher standard of competitions have been shown to have higher blood lactate concentrations, with elite, sub-elite and junior elite recording blood lactate concentrations of 6.6, 5.4 and 2.8 mmol.l–1 respectively (Deutsch et al., 1998, Docherty et al., 1988, McLean, 1992). Forwards have been reported to have higher blood lactate concentrations than backs, possibly due to the high frequency and intense nature of static exertion activities (Deutsch et al., 1998). Players with higher aerobic capacity have also been shown to have lower blood lactate concentration following high-intensity activity (Deutsch et al., 1998). Given forwards in rugby union have much lower aerobic capacity than backs, their ability to recover from high-intensity activities may be inferior.


PRACTICAL APPLICATION


The previous sections discuss the movement and physiological demands of rugby league and union players across a range of competition levels. However, it is the application of this information to develop training and recovery protocols based on individual and positional needs, level of competition and match play demands that a coach or sport scientist must recognize to influence practice. This section will detail how GPS data has been assessed and used from match play and training, within either a professional rugby league or union club.


GPS Analysis


[image: ]


(Austin et al., 2011b, Austin et al., 2011c, Gabbett et al., 2012b, Gabbett, 2014b)
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Fig. 1.4: GPS analysis, measuring total distance and distance in high-intensity running (>18 km.h–1) for a rugby league season. Rd = round, F1 – finals and GF – Grand Final.


The monitoring of match play using GPS can give coaches an understanding of what movement demands have been performed and can aid the planning of training progression, recovery period and individual training requirements. Fig. 1.4 demonstrates the variance that can occur between matches throughout a season in both total distance and distance achieved at high-intensity (>18km.h–1) speeds. The graph shows backs and forwards do not necessarily follow a similar path in demands from game to game (i.e. high-intensity running distance may be low for forwards but high for backs). However, what the graph does not show is the collision or contact events (tackles) the forwards or backs may have undertaken. This highlights the coach’s requirement to interpret individual match demands on a week-to-week basis. Greater high-intensity running demands may suggest extra duration in post-match recovery or modified training sessions, such as shorter sessions or reduction in training load, throughout the week preceding the next match.


Sample GPS Match Report


[image: ]


Fig. 1.5: A sample GPS report of a rugby league match, with emphasis on high-intensity running and RHIE.


Fig. 1.5 is a sample GPS summary report for the movement demand of a rugby league match. The summary focuses on the high-intensity movement demands and repeated high-intensity exercise. This summary can be used to evaluate each player’s work rate throughout the match to be compared to previous and future matches. Greater high-intensity work rate, such as involvement in RHIE or high-intensity running percentage, can be compared to a player’s normal or average rate or frequency, which can be used by coaches to manipulate training and recovery protocols, but in the same respect can be manipulated if a player’s lower work rate is demonstrated.


GPS Velocity Graph


[image: ]


Fig. 1.6: a) A still shot of a rugby team defending their try line that relates to: b) A screenshot of GPS time and velocity graph of a rugby union player over a five–minute time period. The red line indicates running speed (km.h–1), while the green sections highlight when the player was required to go above 18km.h–1.


A GPS match report can be aligned with match statistics of coaches’ key performance indicators (e.g. hit-ups, tackles, line breaks and so on) to give insight to player performance and what constitutes a high standard of team, positional or individual match play. In the same respect, the alignment of GPS to match vision allows coaches and sports scientists to distinguish work rates, movement patterns and match involvement throughout a match or at particular parts of play, such as patterns to tries scored, maximum duration RHIE undertaken or work rate while defending repeated sets of play. This can also be an important educational tool for younger players to demonstrate higher level playing demands but also what impacts the player to influence their decision making. Fig. 1.6 shows an example of an instance in match play, along with a player’s GPS velocity graph over a five-minute time period prior to the opposition scoring a try, with efforts above 18km.h–1
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Table 1.4: Repeated High-Intensity Efforts (RHIE) of Rugby League an
Rugby Union

Rugby League Rugby Union

Forwards Forwards

Frequency of RHIE bouts (No.) 617 15-17

Mean duration of bouts (s) 53 52

Max duration of bouts (s) 64 165

Mean time between bouts (s) 294

Minimum time between bouts (s) 25
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Table 1.2: Physical Qualities of Rugby Union Players over
Differing Playing Standards

Elite

Sub-Elite

Junior
Elite

Sub-Elite
Junior

Amateur

(Age,
Years)

(24-26)

(20-24)

(16-18)

(14-18)

(18-22)

Body
Comp

Height (cm)

182-193

181-190

178-182

172-184

176~182

Body mass

(kg)

9l-I11

89-109

74-84

72-9¢6

81-98

Speed

10m sprint

(s)

191

2.04

1.80-2.00

1.70-2.00

1.90-1.98

20m sprint

(s)

2.89-3.21

2.93-3.00

N/A

N/A

3.18-3.34

40m sprint

(s)

5.18

5.81-6.26

5.30-5.90

5.30-5.80

6.05-6.45

Strength

Squat IRM
(kg)

150-194

95-182

151

100

N/A

Bench press

IRM (kg)

138-147

85-160

N/A

Power

CMJ (ecm)

43.9-46.0

28.0-31.3

50.6-51.8

Aerobic

EstVO, max
(mlkg™".

min™')

43-56.3

53.3-57.7

54.7-55.2
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Table 1.3: Summary of the Movement Demands of Rugby League and
Rugby Union

Rugby League

Rugby Union

Forwards

Backs

Forwards

Backs

Total playing time (min)

40-80

70-90

40-80

80-95

Total distance (m)

4,000-8,500

5,000-8,000

4,500-6,500

5,000-7,500

Relative distance (m/min)

74-101

74-120

55-65

65-75

HI running distance (m)

220-550

500-900

400-650

500-900

Mean HI running distance (m)

14-18

16-18

10-20

10-25

HI running frequency (no.)

34-120

18-74

36-109

58-116

Collisions (tackles)

38

25

23

23
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Table 1.1: Physical Qualities of Rugby League Players over
Differing Playing Standards

Elite

Sub-Elite

Junior
Elite

Sub-Elite
Junior

Amateur

(Age,
Years)

(23-25)

(23-24)

(18-20)

(16-18)

(20-21)

Body
Comp

Height (cm)

184-188

178-186

178-185

175-176

178-181

Body mass

(kg)

94-100

82-96

78-95

73-76

83-88

Speed

10m sprint

(s)

L61-1.71

1.60-1.90

1.65-1.99

1.67-2.01

2.00-2.67

20m sprint

(s)

2.83-2.95

3.21-348

2.83-336

2.83-3.68

3.22-357

40m sprint

(s)

5.19-5.32

5.13-5.96

5.15-5.83

5.52-6.39

5.64-6.89

Strength

Squat IRM
(kg)

165-200

111-150

60-180

N/A

N/A

Bench press

IRM (kg)

125-143

111144

111-142.5

70-147.5

N/A

Power

CMJ (ecm)

36.9-64.7

42.1-60.6

33.7-65.5

33.1-65.5

33.7-46.5

Aerobic

EstVO, max
(mlkg™".

min™')

54.9-55.9

45.8-53.2

42.0-57.1

40.3-54.5

35.4-48.5
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