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FOREWORD


Paul Nevin, MSc Performance Coaching, BSc Communications, UEFA Pro Licence, Academy Manager’s Licence, First Team Coach, Brighton and Hove Albion.


I was fortunate enough to work alongside Alex for a number of years whilst we were at Fulham Football Club around fifteen years ago. Since those days, my career in professional football has taken me around the world and offered many experiences. As a coach who has worked at youth development and senior level, both in the English Premier League and abroad, the beliefs and practices with regards to stretching seem to be an ongoing enigma to the majority of coaches and players.


I have been exposed to numerous different stretching regimes and concepts at different teams and in different environments, varying from static stretching to dynamic stretching, and from ballistic stretching to no stretching at all. With all of these different stretching modalities and philosophies, which are presented as a seemingly logical argument for inclusion and often with data to support a particular approach for the coaching and support staff to consider, the question is, which one should we choose?


Without exploring the research principals behind each different stretching modality, and perhaps considering coach or player preference, the choice for physical preparation may be slightly ambiguous, haphazard and limited because of current knowledge, hard-headedness, the concept of ‘that’s what we did’ and beliefs. Having trust in the sports science and physical preparation team who prescribe the conditioning to the players is important. It is also important to consider that we are dealing with individual athletes at different points in their careers, with different competition needs, different ages and injury histories, as well as differing environments. For example, I am sure that hot or cold climates and extreme temperatures may also play a part in what is necessary for appropriate physical preparation before training or match play and also for recovery and regeneration.
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Choosing the appropriate stretching modality has been demonstrated to affect performance variables.




Although football is a team game, the sport itself is increasingly understanding and respecting the need to treat each team member as an individual with regard to their physical and technical development programmes. As science and research progress, and more and more knowledge and answers are sought and found, I believe that an open and possibly fluid approach to stretching in preparing for competition, preventing injury and ensuring optimal recovery from matches and training is important. The desire to stretch in order to improve or to maintain flexibility will continue to be practised in its many guises, but knowing when to do it and the correct modality of choice in order to benefit optimally are important, especially in high-performance sport.


In addition to all the stretching scientific theory, current research, practices and specific applications, which you will find in this book, when it comes to most sports and certainly in professional football, it is important to recognize that players will just be comfortable in doing and repeating what feels good for them, especially if their routine brought them a win and three valuable points in the previous game!




[image: images]


INTRODUCTION: WHY DO WE STRETCH?


I have been involved in sport since I can remember, from running around at primary school with my friends, to playing sport at an elite level, to coaching and training athletes in recent years. Throughout this time, the same questions have arisen: Why do we stretch? What type of stretch should I complete? For how long should I hold the stretch? What are the benefits or am I just wasting my time? There seems to be much confusion and ambiguity regarding the rationale and application of different stretching modalities and even whether we should or should not spend any time on stretching at all.


This book will take on a research-based approach, justifying the rationale as to when, why and if we should stretch, and, if we should stretch, what we can expect to be the outcome. The content will address the physiological principals of stretching and any physiological adaptations that occur as a result of stretching the muscle fibres.


I personally believe that people stretch for a number of reasons, such as it’s ‘what you do’ before and after exercise, or it’s expected preparation by your coach and teammates. But have you considered the different modes of stretching and why one may be more appropriate than another depending on what your outcome targets may be? Why, for instance, would you select dynamic flexibility rather than static stretching before exercise? Does the muscle temperature or body temperature affect the outcome? Is there a psychological benefit of stretching, such as mental preparation before competition or assisting with prematch nerves? Will we pull a muscle if we don’t stretch or pull a muscle if we do?


The Science of Stretching will investigate the reasons for stretching and the rationale for which type of stretch to complete. It will aim to guide you towards a positive outcome with your performance and level of function as a result of effective stretching and mobility exercises.


Mobility is defined as ‘the ability to move or be moved freely and easily’.1 This is in essence what the purpose of stretching may be. From the same resource, to stretch is defined as ‘(of something soft or elastic) be made or be capable of being made longer or wider without tearing or breaking’. Flexibility is defined as ‘the quality of bending easily without breaking’, whereas being extensible allows you to accommodate change. These are all ways to describe a form of movement that prepares the human body for performance and function, and ensures an optimal, effective and safe outcome.
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Why do we stretch?




In a performance or during physical demands, mobility and extensibility may be more appropriate descriptions when referring to the human body. We want to move freely and easily, especially when performing physical exertions, like dance and sports, and we want to accommodate change, especially when the movements may challenge the full range of motion that the body can achieve, for example, in gymnastics or in a lunge tackle in football.


In elite sport, effective recovery is essential for day to day high performance, but when I look at athletes stretching it appears to be more of a post-session debrief or chat about the weekend, rather than an important component of their conditioning, recovery and fitness. Does this matter? As practitioners, our role surely has to be to educate the athletes and coaches in best practice. The effectiveness and attention to detail that an individual chooses to adopt with this component of fitness may be important and may affect the outcome of their actions. Or is it irrelevant to the outcome? Does which type of stretch you select affect your performance? Are you just holding your quadriceps stretch with poor form and chatting, or are you actually stretching the muscle fibres, tilting your pelvis to increase the range of motion or movement (ROM) and stretch tolerance, and therefore focusing on a positive physical outcome of that specific stretch?


In addition to its application in a sporting environment, stretching can have an important role to play post-operatively and is also prescribed to help with increased mobility after immobilization of a limb. For example, reaching or stretching exercises may be prescribed after a mastectomy to help with circulation and mobility. An understanding of how to manage and increase mobility is an important part of recovery in this situation. Into old age and for sedentary populations, what modality of stretching should be completed for maximum benefit? And how often should these exercises be done? The answers, outcome and rationale will be explored here.




CHAPTER 1
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ANATOMY AND THE PHYSIOLOGICAL PRINCIPLES OF MOVEMENT


Stretching the muscle unit effectively involves increasing its length and tension. In order to achieve this effectively, we need to understand the workings of the muscles and levers of the skeleton. The first thing we need to understand is the structure of muscle fibres.


Muscle Fibres and their Role within the Body


There are around 700 muscles in the skeletal system; each is an organ – constructed of skeletal muscle tissue, blood vessels, tendons and nerves – that allows us to generate force. Muscle tissue has four main properties:


[image: image] excitability: the ability to respond to stimuli


[image: image] contractibility: the ability to contract


[image: image] extensibility: the ability to be stretched without tearing


[image: image] elasticity: the ability to return to its normal shape.


All four of the above properties are important when it comes to stretching muscles. We need to create excitability and to ensure that the muscle reacts to the stimuli of movement. The levers of the skeletal system work with co-contraction of the agonist and antagonist muscles, so when we stretch the quadriceps, for example, we require the hamstrings to contract or shorten. We need good extensibility so that the muscle can stretch without tearing and we would like it to return to its pre-stretch form and not become deformed as a result of the stretch. In some instances, we would like to increase muscle length and ROM if possible, and we will address this later on.


Based on certain structural and functional characteristics, muscle tissue is classified into three types: skeletal, cardiac and smooth:


[image: image] Skeletal muscle (or striated muscle) is responsible for locomotion and general movement. Skeletal muscle tissue can be made to contract or relax by conscious control (voluntary).


[image: image] Cardiac muscle (heart) – the contraction is completed without thinking about the muscular action and is therefore involuntary.


[image: image] Smooth muscle is also an involuntary muscle. The muscles line the walls of the arteries to control blood pressure, control the digestion of food by causing movement of the intestine and the urinary bladder, for example.
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Types of muscle tissue: cardiac, skeletal and smooth.






	Three Main Types of Muscle Fibre




	Fibre Type:

	Type I Fibres

	Type IIA Fibres

	Type IIB Fibres




	Contraction time

	Slow

	Fast

	Very fast




	Size of motor neuron

	Small

	Large

	Very large




	Resistance to fatigue

	High

	Intermediate

	Low




	Activity used for

	Aerobic

	Long-term anaerobic

	Short-term anaerobic




	Force production

	Low

	High

	Very high




	Mitochondrial density

	High

	High

	Low




	Capillary density

	High

	Intermediate

	Low




	Oxidative capacity

	High

	High

	Low




	Glycolytic capacity

	Low

	High

	High




	Major storage fuel

	Triglycerides

	CP, glycogen

	CP, glycogen






BrianMac Sports Coach3


We also need to consider fascia, as this is an important structure within the skeletal system. Fascia is the soft tissue component of the connective tissue system. It interpenetrates and surrounds muscles, bones, organs, nerves, blood vessels and other structures. Fascia is an uninterrupted, three-dimensional web of tissue that extends from head to toe, from front to back, from interior to exterior.2
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Skeletal system: the depicted white areas are fascia within the skeletal system.
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A biceps curl is an example of a lever in the human body.




Fascia is responsible for maintaining the structural integrity of the skeleton and for providing support and protection. It also acts as a shock absorber.


Skeletal muscles contain thousands of muscle cells, or muscle fibres, which run between tendons. They have a capacity to contract and extend, which allows for movement. There are three types of muscle fibre and each one has a specific role within muscular function, as shown in the table on page 11: Type I, Type IIA and Type IIB.


Most skeletal muscles within the body are a mixture of all three types of muscle fibres, but their proportion varies depending upon the action of the muscle. For example, postural muscles of the neck, back and leg have a higher proportion of type I fibres. This allows these muscles to remain active as they have a high resistance to fatigue and are aerobic in nature, so can function at a constant activity level. Muscles of the shoulders and arms are not constantly active but are used intermittently, usually for short periods, to produce large amounts of tension such as in lifting and throwing. These muscles have a higher proportion of type I and type IIB fibres.


Even though most skeletal muscle is a mixture of all three types, all the skeletal muscle fibres of any one motor unit are the same. In addition, the different skeletal muscle fibres in a muscle may be used in various ways, depending upon the need. For example, if only a weak contraction is needed to perform a task, only type I fibres are activated by their motor units. If a stronger contraction is needed, the motor units of type IIA fibres are activated. If a maximal contraction is required, motor units of type IIB fibres are activated as well. Activation of various motor units is determined in the brain and in the spinal cord. Although the number of the different skeletal muscle fibres does not change, the characteristics of those present can be altered by training and load.


Movement within the skeletal system is achieved by the use of levers. There are three types of lever within the human body: first-class lever; second-class lever; and thirdclass lever. They are defined by the relative position of the three elements of the lever: the effort (E); the position of the fulcrum (F); and the load, or resistance (R). The muscles attach to the skeleton via tendons and as a muscle shortens through a contraction, it will cause movement along the lever, or a contraction of the muscle. It is necessary to have a fulcrum to work with the lever to allow for movement.


In the human body, the joints act as fulcrums and the bones as levers. As one muscle shortens, the opposite muscle will lengthen with concentric or eccentric movement. This is the basic concept of a lever within the human body, using agonist and antagonist muscles. It is important to consider the angle of pull so as to understand what may incite a stretch response in the particular part of the body you are aiming to stretch. If the goal is to elongate a muscle from its insertion, then by considering the angle of pull within the lever you can achieve the desired effect of stretch within the chosen muscle group. Anteriorly tilting your pelvis to elicit an increased stretch in your hip flexors would be an example whereby our body awareness can help in manipulating the stretch sensation. Indeed, knowing how the body moves and how this relates to flexibility and function is important when prescribing any exercise, including stretching.


Muscular physiology is an area where it would be best to turn to an expert to explain the concept as simply as possible. James Earle, a Sports Scientist at St Mary’s University, Twickenham, has kindly put together the relevant information to enhance our understanding of skeletal muscle structure (see the Feature Box). He also touches on the mechanisms of stretching.
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Knowing how the body moves helps with effective exercise prescription.






‘SKELETAL MUSCLE STRUCTURE AND THE MECHANISMS OF STRETCHING: THE SCIENCE’ BY JAMES EARLE, MSC, BSC (HONS), ASCC





The human body has over 660 skeletal muscles; each is a complex structure of muscle fibres surrounded by connective tissue. A muscle fibre consists of contractile proteins called myofibrils, which are constructed in a linear series of sarcomeres. A sarcomere is the smallest functional unit of a muscle that can contract and is composed of proteins that interact together. One of these proteins, actin, forms thin myofilaments, whereas the other protein, myosin, forms thick myofilaments. The structural differences between actin and myosin give sarcomeres a ‘banded’ appearance.
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Structure of skeletal muscle.




A thin layer of connective tissue termed the endomysium surrounds each individual muscle fibre. The perimysium surrounds a group of muscle fibres and this is known as a fascicle. Together, bunches of fascicles form a muscle, which is surrounded by a dense fascia of connective tissue called the epimysium. This protective sheath transitions at the ends of a muscle into tendons and connects it to bone.


As a muscle contracts, the muscle fibres shorten as the myofilaments slide towards the centre of each sarcomere; this is known as the sliding filament theory. Each thin filament contains hundreds of active sites ready to bind to myosin contained in the thick filament. These sites are covered by a troponin-tropomyosin complex, which prevents exposure when a muscle is at rest. When calcium is released into the muscle via an action potential, it alters the troponin-tropomyosin complex and exposes the active sites. Hydrolysis of ATP (adenosine triphosphate) provides energy to move the myosin molecules on the thick filaments, which can then attach to the thin filaments and interact, forming a cross-bridge. This formation creates a pulling action, termed a power stroke, and shortens the sarcomere.


Once the sarcomere has shortened, there is no active mechanism for relaxation. Instead, a muscle fibre returns to its resting length through a combination of processes:


[image: image] Elastic forces – energy spent contracting/stretching the muscle and tendons is recovered as they rebound to their original states; a similar response occurs during a stretch shortening cycle.


[image: image] Antagonist muscle contraction – the contraction of an opposite muscle can restore a muscle to its resting length.


[image: image] Gravity – this acts as a supporting mechanism that assists the antagonist muscle’s contraction.


A resting muscle is stretched into a position by tendons that already maximize its force production. This length–tension relationship of a muscle describes the optimal length for force generation. Therefore, changing the length of a muscle will consequently alter its contractile force.


During muscle contractions there are protective sensors that provide sensory feedback to the central nervous system (CNS) on limb position, joint angle and muscle tension. These are called proprioceptors. Muscle spindles located throughout the muscle detect changes in muscle length and tension beyond normal range and initiate a stretch reflex to prevent muscle fibre damage. Golgi tendon organs located at the muscle–tendon junction sense excessive tension during a muscle contraction and send signals to the spinal cord to reduce force output, termed ‘reflex inhibition’.


Stretching is used to improve joint ROM. The muscular adaptations to stretching are mechanical, followed by neural changes, the opposite to strength training. However, the extent to which these changes affect flexibility is unclear, with a number of theories proposed. Skeletal muscle behaves with both elastic and viscous properties, that is, when a muscle is lengthened it will always return to its resting length and the tensile force is rate and force dependent. When a stretch is applied, the muscle’s inherent elasticity is altered as the muscle relaxes; this is called viscoelastic stress relaxation.a This reduction in the muscle’s resistance allows it slowly to ‘creep’ in length. This response is evident during a repeated effort of proprioceptive neuromuscular facilitation (PNF) stretching, when you can move the muscle past its initial stretch point. Studiesb,c,d have found an increase in fascicle length following stretching, supporting a change in the viscoelastic properties of a muscle. However, as stiffness or resistance of a muscle is a continually changing property, the effects are temporary, for example 30min to 2hr.e,f,g This has led to the theory being questioned regarding having a significant effect on understanding flexibility.


Another possible mechanical adaptation is that stretching with a contractile element could increase the number of sarcomeres in series. Similarly, eccentric strength training (where the muscle is trained in a lengthened position) has been shown to alter the length–tension relationship,h,i also suggesting an increase in sarcomeres in series. This has clinical implications in individuals recovering from injury who have had the muscle immobilized in a shortened position.


Other mechanical theories include deformation of the connective tissue and neuromuscular relaxation. However, both have been questioned, as any disruption to connective tissue would modify the length–tension relationship, which is not conclusive in the research. Furthermore, stretch reflexes are only activated during a very rapid and short stimulus and are, therefore, unlikely to cause neuromuscular relaxation in a muscle during stretching.a


Rather than a structural change to a muscle, stretching may simply cause an alteration in the perception of the stretch and improve stretch tolerance.a,c,j,k,l,m This has been shown with individuals having their stretch tolerance improved within six weeks of stretching.j,k,l


PNF stretching with an isometric contraction, or a single leg deadlift where the hamstrings perform an eccentric contraction are examples of lengthening a muscle with a contractile element.
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Single leg straight dead lift: eccentric strength training that can help with increased ROM.
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[image: image]


PNF stretch: isometric contraction to increase ROM.




To summarize, we have explained skeletal muscle anatomy and the physiological mechanisms of stretching. The research is still unclear as to the magnitude of effect these mechanisms have on flexibility, with different theories proposed. What is known is that stretching likely causes both mechanical and neural adaptations that contribute to flexibility and joint ROM. Whilst the differences in stretching methods have not been discussed here, active and passive stretching have demonstrated comparable results to increases in stretch tolerance, while showing different effects on neuromuscular performancen and reductions in muscle and tendon stiffness.o This hints towards a greater adaptive response from active stretching. In addition, strength trainingp and specifically eccentric training have been shown to be effective methods for increasing flexibility.q Therefore, a comprehensive individualized training programme, incorporating a variety of techniques, will develop and maintain flexibility.


To summarize:


[image: image] A sarcomere is the smallest contractile element of a muscle and contains the myofilaments actin and myosin; their interaction can explain muscle contraction by the sliding filament theory.


[image: image] A muscle is protected from excessive force, tension and length by proprioceptors and muscle spindles. A tendon is protected from excessive tension by Golgi tendon organs.


[image: image] Stretching may increase the length of a muscle temporarily by altering its viscoelastic properties and/or improving the tolerance to the stretch.
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