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INTRODUCTION


Rugby union as a sport has seen continual evolvement over the years, and never more so than since the game officially took its professional status in the higher echelons from 1995. While on the pitch tactics have seen more formalized approaches to skill acquisition, it is probably off the pitch where the biggest changes have occurred. From merely training twice a week on the pitch at schools and clubs, modern day rugby players now train as much off the field of play as on it. No area has developed more than strength and conditioning. The distinct factors that make up the complete rugby player – strength, speed, power, fitness and agility – are now specifically targeted to allow individuals and teams gain the upper hand on the opposition. Players have gone from traditionally training for ‘fitness’ as an add-on to their rugby training to seeking out structured athletic training interventions. Alongside this, with the modern players being physically bigger and faster, the need to ensure players are more robust and free from injury has led to the demand for knowledge in the prescription of strength and conditioning.


This book lays out the underpinning science of strength and conditioning in rugby. Using the fundamental principles of training, it details a structure of assessing rugby players that in turn will allow appropriate training interventions to be both planned and, most importantly, coached to a wide range of rugby playing levels.


Three distinct ‘Case-study Rugby Players’ are used to show variation in programming in the applied setting. It’s important to understand that while all three are playing the same game of rugby union, the game itself and the players vary greatly in their appearance, needs and subsequent training goals. The examples will allow coaches, parents and players to prescribe appropriate training strategies with specific groups, and review the success of these programmes with objective training data. It is this skill that can be the difference between a player developing and reaching goals within a programme, or ultimately wasting valuable time and energy on an unsuitable training programme.


THE YOUNG DEVELOPING RUGBY PLAYER


The athletic needs of the adolescent developing rugby player form the foundation for all future athletic development. This key stage can often be overlooked, with young players simply being given a watered down version of adult programmes. It can also be an area that is often subject to misinformation and a lack of knowledge. It’s essential that the distinct hormonal, mechanical and neural windows are trained appropriately during these stages and to ignore them would be detrimental in the long term. Looking not only at the key developmental stages and how to develop them, it will also pay close attention to other practical considerations such as time available, conflicting sporting commitments, available locations and equipment. The aim is to put in place an appropriate long term development programme that is process driven for future success, rather than outcome driven for the short term.


THE AMATEUR ‘WEEKEND’ RUGBY PLAYER


While often underplayed, there is still both a desire and a need for amateur recreational rugby players to train appropriately. Not only will it aid performance, but crucially it can help develop more robust, injury-free sportspeople. While prescription of exercise may often appear reduced in volume for the recreational player, it should still be aligned with the same underpinning scientific principles. Again many factors can impact on both time available to train and the potential adaptations but there is still plenty of room for development and improved performance.


THE ASPIRING PROFESSIONAL RUGBY PLAYER


At the far end of the spectrum there is now the need to prepare aspirational rugby players both for professional rugby and the higher levels of representative rugby. While the journey into these ranks will mirror the long term development of the young developing rugby player initially, it must then be appropriate to take players to a higher level of athletic development. Both professional and representative structures nowadays have positional norms with regards to physical characteristics and it requires a higher degree of prescription regarding strength and conditioning. Not only should the programme take into consideration the demands of the game at the higher level, but there is the added factor of achieving the upper hand on the both the more physically capable opposition player, and competitors within the players’ own squad structure.





1 THE PHYSIOLOGY OF RUGBY UNION


The game of rugby union has undergone significant changes both in its style and appearance since the pre-professional era, resulting in some marked changes in the physiological profile of the modern day player. As players have become larger, leaner and quicker (1, 2), there has been a conscious shift in the study of the physiological aspects of the game to provide efficacy for modern day programming and training methods. As a result, we now see support teams even at amateur levels having evolved from the traditional two-man group of a forwards and backs coach to an all-encompassing interdisciplinary coaching team. We have also seen the introduction of sport science and medicine professionals such as physiotherapists, video analysts, specific skill coaches and conditioning staff, who work together to pinpoint potential areas where athletic development can improve performance and, ultimately, results on the pitch.


While physiological and anthropometrical profiling is nothing new in sport, rugby union has often proved to be a complicated subject area for the simple fact it involves many different positional groups, each with differing profiles. Whereas the profiling and subsequent programming for more streamlined physiological sports such as sprinting, endurance events and jumping can be more straightforward, the very nature of rugby means we often have to have broader fields, which in turn can make adaptations harder to come by.


Data from both time–motion analysis (TMA) studies and global positioning (GPS) studies have helped build up a picture of the game and enabled us to quantify speeds, locomotive activity and contact, and to position specific events through tracking of collected data. Although these studies can have some limitations such as showing incidence of activity but not its physical extent, they are a useful tool to guide training. It must also be said the tactical skill level of competition, and indeed the psychological impact of game events, cannot be quantified.


Modern day rugby union consists of repeated, high intensity activities generally with short incomplete periods of recovery (3). These efforts place considerable stress on the anaerobic system (both the phosphagen and anaerobic glycolytic systems) but because of the repeated nature of these over the course of an 80min game, the aerobic system is also called upon to facilitate recovery.


Although rugby is a repeated power-based sport, development and adaptations in VO2 max, or maximal oxygen uptake, can have a significant positive affect on overall performance (4). Activities such as sprinting, tackling, rucking, mauling and the static/dynamic strength and power-based activities should help model the off-field strength and conditioning of the modern player. Of the 80 minutes the game lasts, however, the ball is typically only in play for around 30 minutes (5) so we should really be training players specifically to be efficient in their roles, as opposed to programming for mindless volume. Frequent breaks in play and restarts mean the activity profiles of rugby are typified by short peaks of high intensity work interspersed with low level opportunities for recovery.


Likewise, at junior/lower league levels of rugby, where poorer skill levels tend to be prevalent, we will see a far more staccato type of game, reflected in activity profiles. TMA (6) studies suggest when subdividing the players into their forwards and backs units the work:rest ratios are 1:7 and 1:20 respectively. Both multi-directional and intermittent, typical sprint distances tend to be no more than 15–20m and are commonly from a moving start with up to 20 seconds of incomplete recovery (6).


As mentioned previously, it is the positional variations that complicate profiling. There are both forward positional groups (front row, second row and back row) and back positional groups (half-backs, inside and outside backs). Anthropometrically, backs have been shown to be smaller, leaner, faster and more aerobically fit relative to body mass. Forwards, in turn, exhibit higher level of strength and absolute aerobic measures. This anthropometry is undoubtedly shaped by the game demands on these two groups. Although the modern game has seen a levelling out of stature and lean body mass with some modern day backs dwarfing their forward counterparts, studies still show backs cover a greater overall distance in a game with higher running intensities. Forward groups, however, will spend more time in higher intensity static and dynamic strength-related activities. Overall, forwards complete around 14 per cent high intensity work to 86 per cent low intensity, with backs showing 6 per cent high intensity to 94 per cent low (Deutsch 2007).


Many of the studies carried out have, therefore, started to help us profile the training we prescribe and give credibility in the training methods we use. However, gaining an accurate physiological understanding of the various components of rugby union (strength, speed, power, agility, and endurance) involves a more detailed look at three distinct physiological systems and how they can develop through specific appropriate training methods. The three systems we must define and understand are:


•  The neuromuscular system


•  The biological energy systems


•  The biomechanical system.


Although we will touch on the basic principles here, the later chapters will look more in depth at the adaptations we can see as a result of different training modalities.


THE NEUROMUSCULAR SYSTEM


This consists of both the nerves and the muscles of the body. Working together in harmony, they are responsible for the movement of the body and on an athletic level must be trained appropriately to ensure the most efficient motor patterns and movement. The nervous system is the body’s circuit board, the complex message centre that drives our function. While the principles of physiology could fill a whole book in itself, there are some key areas that must be understood with regards to the function of muscle. These are:


•  Muscle contraction


•  Structure of muscle


•  The motor unit and sliding filament theory


•  Musculo-tendinous unit


•  Fibre types and distribution within muscle
 

•  Rate coding


•  Neural inhibition.
 

Muscle Contraction


Our muscles move and produce force through differing types of muscular contraction. These contractions differ and can be subdivided into dynamic contractions, those which occur with movement, and static contractions, which involve no movement.


[image: ]


Fig. 1.1 Types of muscular contraction.


Isometric contractions: These occur when there is tension or resistive force that is equal to the strength of contraction in the muscle. As a result, there is no change in muscle length and joint angle. Rugby presents us with a couple of clear examples. For example, postengagement in a scrummage situation when both teams are both applying (and resisting) maximal pressure but there is little or no movement. Likewise in many mauling scenarios.
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Fig. 1.2 Scrum showing an example of isometric contraction.
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Fig. 1.3 Falling start.


Concentric contractions: These involve a muscular contraction that is greater than resistive force, resulting in a shortening of the muscle. Again, the scrummage situation preengagement would be a good example. A player will have set himself in a flexed position (eccentrically lengthening). On engagement, the player propels himself forward to a point of impact. As all the propulsion is forwards, only the concentric muscle action is used. Another example is accelerating in a sprint start position. The forward propulsive position means the player only has the option to full extension using concentric movements or risk falling flat (see Fig. 1.3).
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Fig. 1.4 Barbell squat.


Eccentric contractions: On the other hand, these occur when the tension created in the muscle is less than the external resistive forces. As a result, the muscle then lengthens. Landing and slowing down type movements should theoretically exhibit high degrees of eccentric tension. Imagine a player doing a squat with a barbell in a gym. As the player descends or lowers in the movement, the quadriceps will lengthen eccentrically. The ascent, on the other hand, sees the reverse as the player’s quadriceps shorten concentrically (see Fig. 1.4).


Stretch shortening contractions: These are concerned with plyometric movement. They use all the muscle actions above and make use of the stretch reflex within the body. The stretch shortening cycle will be discussed in depth when we discuss speed, agility and plyos but the contraction involves creating maximum tension in the muscle by creating a rapid stretch. The fast eccentric muscle action is followed immediately by a rapid concentric action. The faster a muscle is forced to lengthen, the greater the force obtained with the resulting contraction. While sport and human movement can give us many examples, it is probably easiest to describe using an elastic band.


Elastic band experiment: Hold an elastic band and pull back to a 50 per cent stretch, holding for 3–4 seconds and release, noting how far the band travels. Repeat the process again but increase the stretch and reduce the time the band is held. Release again. Finally, use a maximum stretch and immediate release. Option three should see the band travel furthest as we have not only stored the optimal amount of energy but also released it quickly.


Skeletal muscle will also have differing functions. Movement and force production will happen as a result of muscle falling into one of three following subtypes:


•  Agonist – Muscles that cause movement. They are the prime movers


•  Antagonist – Muscles that act to resist movement


•  Synergist – While not totally causing movements, these muscles assist the agonist.


Structure of Muscle
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Fig. 1.5 The sarcomere. (From Cardinale, M., Newton, R., & Nosaka, K. (Eds.) (2011). Strength and conditioning: biological principles and practical applications, John Wiley & Sons)
 

To understand the function of skeletal muscle we must first understand its physical structure. Muscles and their fibres are formed like a Russian doll. The outer sheath, or epimysium, forms a continuous attachment from the skeletal muscle to the tendon, and eventually the bony process that allows locomotion to happen. Running through the epimysium there are fasciculi, or muscle fibres, that are bundled together in groups of 100 to 150. The larger the muscle, the more fibres will be bundled. For example, a large muscle such as the gluteus maximus will have far more fibres than a small muscle such as those found in the inner ear. The fascisuli are surrounded by a connective tissue, or perimysium, with each individual fibre surrounded by endomysium (see Fig. 1.5).


When we consider all these individual elements of muscle, it is important to remember they all function as one long continuous organism. So tension transmitted from any individual cell will transmit to the tendon (7).


Finally, the individual muscle fibres are cylindrical structures made up of thousands of filaments, or myofibrils. These are made up of a ‘thick’ filament, myosin, and a ‘thin’ filament called actin. This functional unit of the muscle (8) is called the sarcomere.


The Motor Unit and the Sliding Filament Theory
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Fig. 1.6 The muscle fibre. (From Cardinale, M., Newton, R., & Nosaka, K. (Eds.) (2011). Strength and conditioning: biological principles and practical applications, John Wiley & Sons)


The motor unit is the motor neuron and all that it innervates (see Fig. 1.6) (7). As the motor neuron is the command centre for the muscles, the more we can increase the frequency and efficiency of this stimulation, the more we will be able to produce force. When the motor neuron innervates it will transmit to all the muscle fibres within that particular unit. This ‘all or none’ system means all the fibres innervated in a motor unit must be stimulated, not just some. This makes the motor unit fundamental to all athletic movement and must be considered with our programming. We must look to both increase the number of motor units and the efficiency with which they work. What we train for will determine what we get. Slow static movements will never increase the frequency, thus a player will not get powerful or reactive as a result. Likewise, if we have a high frequency of innervation but fewer used motor units, we could indeed have a player capable of ‘sending the message’ to his skeletal structure but not having the force production capabilities.
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Fig. 1.7 The neuro-muscular junction. (From Cardinale, M., Newton, R., & Nosaka, K. (Eds.) (2011). Strength and conditioning: biological principles and practical applications, John Wiley & Sons)


Central to the innervation of the muscle by the neuron, is a relay centre call the neuromuscular junction (see Fig. 1.7). It is here the process of voluntary muscle contraction and human movement begins.


The sliding filament theory dictates the contraction of the muscle. The sliding inward of actin filaments from the ends of the sarcomere on to the myosin filaments causes a shortening of the muscle and in turn a contraction. It is this muscle contraction that allows our muscles to produce force, move or resist movement. The number of myosin cross bridges that attach to the actin filaments, the more force that the muscle will be able to produce. The greater the magnitude and quicker this can be produced, the greater the advantage in sporting situations.


In its normal resting state there is little calcium present in the myofibril, meaning there is little opportunity for binding between the myosin and actin. The thick myosin filaments are characterized by two globular heads that are capable of moving both forwards and backwards in order to bind with the thin actin filaments. The thin filament site consists of actin and two other molecules, tropomyosin and troponin. The actin molecules are supported by tropomyosin and troponin to create a perfect binding site for the globular head of the thick filament.
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Fig. 1.8 The sliding filament theory and its six processes.


Once calcium ions are released from the sarcoplasmic reticulum they bind with the troponin and act as a catalyst with the tropomyosin molecules. The amount of calcium released by the sarcoplasmic reticulum is actually what regulates the frequency of contractions (rate coding). This primes the binding site, allowing the thick and thin filaments to attach and in turn allow contraction to take place. This process happens as a result of breakdown of adenosine triphosphate to adenosine diphosphate and phosphate (7). The catalyst for this is the enzyme myosin Atpase (ATP). It is the regeneration of the ATP that will allow the power output to continue. When there is no longer sufficient ATP to replace the ADP then the voluntary contraction will no longer happen. This occurs in tandem with the calcium ions transported back to the sarcoplasmic reticulum. The muscle contraction is fundamental to our movement and the more units we can recruit, the greater the athletic potential of the rugby player will be (see Fig. 1.8).


The Musculo-Tendinous Unit (MTU)
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Fig. 1.9 The structure of the musculo-tendinous unit. (Adapted from Hill, 2008 [7])


The mechanical muscle complex that harnesses the force production of the motor unit is called the musculo-tendinous unit (Fig. 1.9). It functions through the harmonious relationship of an active contractile component, which moves to create the contraction, and a passive non-contractile component. This arrangement of connective tissues, tendons and ligaments are vital in the release of stored elastic energy.


The MTU structure consists of:


•  Series elastic component – Primarily tendons and connective tissue that act like a spring. The SEC stores energy as a result of a rapid stretch within the musculo-tendinous unit


•  Parallel elastic component – Produces passive force and consists of the epimysium, perimysium and endomysium


•  Contractile component – This contractile component consists of the actin and myosin cross bridge binding sites.


Fibre Types
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Fig. 1.10 Correlation of muscle fibre type characteristics and event.


A muscle’s ability to contract and produce movement is ultimately determined by the proportion of fibre type within that muscle. The fibre type we are born with differs both morphologically and physiologically and should be considered in the programming of rugby players. While there will be a correlation between specific sporting events and fibre profiles (Fig. 1.10), we should also remember an individual’s fibre profile when setting athletic goals. Too often the prescription of exercise is misguided in so far as we attempt to programme events and set goals that are physiologically impossible for individuals.
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Fig. 1.11 Physiological characteristics of muscle fibre.


Although studies are equivocal with regards to the number of different fibre profiles with results showing two to eight different types, commonly we concern ourselves with Type 1, Type 2A and Type 2B (see Fig. 1.11).


Type 1/slow twitch: These slow oxidative fibres have slow contraction speeds. Used primarily in longer, continuous exercise, they resist fatigue and thus are able to operate for longer time periods. Primarily, they will be used in aerobic activity.


Type 2A/B fast twitch: Fast twitch fibres can be subdivided into being fast oxidative-glycolytic (Type A) and fast glycolytic (Type B). Fast oxidative-glycolytic fibres are fast to contract and are recruited progressively based on how much force we need to produce. They have a moderate ability to resist fatigue and although they are used in general activities, they have a higher energy cost than Type 1 slow twitch. Fast glycolytic are the rapidly contracting fibres reserved for maximal explosive activities. As a result, they are quick to fatigue and require much longer recoveries. They are used primarily for explosive, sprint-based movement.


In the smaller muscles of the body, a single motor unit will consist only of a few fibres. However, large muscles may have hundreds of fibres per motor unit. Function will dictate the fibre make-up of the muscle, with different activities requiring different magnitudes of shortening. If you think of the muscles of the eye, for example, and the speed they are required to contract to blink/move and so on, they are predominantly fast twitch. On the other hand, the deep stabilizing muscles of the midsection are required to work for long periods, do not require such fast contraction speeds and are predominantly slow twitch as a result.


Muscle fibre will also operate under a principle of ‘all or none’. When fibres contract they do so completely rather than fractionally. As a result, it is not possible to vary the magnitude of contraction.


Rate Coding


As discussed in athletic terms, how much force we can produce, and the frequency or how quickly we can use it, are two significant differentiators in success. This force production is modulated by both the recruitment of motor units and rate coding. We can produce greater levels of force when more motor units are involved in the contraction, when motor units are increased in size or increasing the rate at which they fire. Rate coding is a time sensitive feedback mechanism that allows low or high frequency of stimulation (9). The central nervous system not only controls how many motor units are recruited but, vitally, the frequency at which they are activated. When doing an explosive, reactive movement such as a sidestep or change of direction we must make sure the body can both call on the required levels of force production and ensure it is done at high speed. Low frequency signalling means the ‘machine’ (the body) may be willing, but the ‘control system’ (the central nervous system) cannot send the signals fast enough. Muscle size will also be a significant driver for the frequency of recruitment. In large muscles frequency tends to be a result of motor unit recruitment, whereas in small muscles frequency is a result of rate coding. As a result, when looking at a physiological basis for training rugby players, it is vital to train both mechanisms. The magnitude of stretch will also affect the frequency of messages sent from the spinal cord. A greater stretch, such as those we will discuss in regard to Olympic weightlifting movements, or plyometric training will in turn lead to increased rate coding.


Neural Inhibition


Strength and the amount of force a rugby player can produce is also affected by levels of neural inhibition. Either conscious or somatic, inhibition can reduce following strength training (10) and facilitate greater levels of force production. Conscious inhibition is the perceptual safety mechanism we all have. It is what protects us from injury and can be both a positive and negative influence on what an individual can do. If you imagine programming an untrained player to bench press 200kg on the first day of training, common sense and intelligence usually prevents him from even attempting to lift the bar from the rack as they know their body will fail under the weight. They have used a conscious process to protect themselves.


The caveat to this is, of course, at times, individuals have to push the realms of what they believe the body can do in order to succeed and develop. Somatic inhibition, on the other hand, refers to the feedback our body receives from intramuscular receptors. Often seen in explosive weightlifting actions and plyometric training, we have to train the body to overcome and disassociate this inhibition in order to allow the movement to occur. In reactive plyometric work such as a depth jump, increased or high levels of neural inhibition will prevent the movement being done with sufficient reactive ability, therefore reducing any potential adaptations.


THE BIOMECHANICAL SYSTEM


While it is often relatively simple to look at training and the body on a physiological level, it is also vital that we look with regards to the biomechanics of training. Key biomechanical factors affecting the human body are:


•  Laws of motion


•  The lever system


•  Muscle cross sectional area and muscle architecture


•  Muscle length tension relationship.


Laws of Motion


The human musculo-skeletal system is actually designed for speed and range of motion rather than out and out force production. However, our training often has to find a compromise between these two in order to excel. The force and power that we can produce are a direct result of the synergy between both the muscle, neural, tendon and bone structures of the body. Fundamental to these are Newton’s laws of motion. They dictate not only what occurs to the body biomechanically but also due to external factors such as training equipment and opposing players.


The three laws are:


The Law of Inertia


An object will remain at rest unless acted upon by another external force. Once moving it will remain on this path unless acted upon by an external force or inertia. For example, a weightlifter when starting the first pull from the floor of a power clean must overcome the inertia of the bar and weight to get the bar moving. As he overcomes this inertia the bar will start to move at an increased speed.


The Law of Acceleration


If an object is acted upon by an external force the amount the object moves is directly proportional to the mass of the object and occurs in the same direction. Force is equal to mass multiplied by acceleration (F = ma). If we use the weightlifting analogy again, once the weightlifter gets the bar moving it will only continue rising for a short distance (relative to its mass) before gravity brings it crashing back to earth. It is at that point that the lifter must snap under the bar and catch in a low position.


The Law of Reaction


For every action there is an equal or opposite reaction. When force is applied to an object it pushes back against in the opposite direction of the force. If we think of a person jumping, what they are doing is pushing down hard through the floor. It is the reaction of the immovable floor opposing this force that then launches a person vertically.
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