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FOREWORD


Whatever your ability and aspirations, whether an elite athlete or a recreational runner, if you want to improve, then coaching competence is the key to development.


At national level you can invest in all the talent-spotting, athletics grassroots and development programmes you like, but if you don’t have qualified coaches, and they aren’t delivering high-quality coaching based on comprehensive coach education, it’s just a happy accident if anything happens.


This is why Track & Field: Training and Movement Science – Theory and Practice for All Disciplines is such an important publication. Within its more than 1,000 pages, authors Univ.-Prof. Dr. Heiko K. Strüder, Ulrich Jonath and Kai Scholz illustrate and explain established training knowledge and techniques and detail how the latest discoveries of sport science impact coaching.


World Athletics is immensely proud to be associated with the publishers. Together our aim is to disseminate to the athletics community the commanding repository of knowledge which is contained within this book and encourage the engagement and progression of more coaches across the globe.


Extensively illustrated with more than 240 charts, 150 graphics and 470 photographs, Track & Field appeals not just to coaches and athletes, but also to teachers, lecturers and academics. As part of our ambition to grow the coaching community across the world, World Athletics has translated the original German edition into Arabic, Chinese, French, English, Russian and Spanish and will use parts of the book on our eLearning platform and via our worldwide Coaches Education and Certification System (CECS).


I am grateful for the time, dedication and vast experience that has gone into writing and editing this publication. Its legacy will be the contribution to the further advancement of our CECS system and the increase of talented coaches worldwide.


–Sebastian Coe


World Athletics President






PREFACE


This book is meant for coaches, athletes, physical education teachers, sport students, and sport scholars who wish to acquire comprehensive knowledge of the entire field of athletics.


As early as 1995, three textbooks on athletics: “Running” (vol. 1), “Jumping” (vol. 2), and “Throwing and the Combined Events” (vol. 3) were published by Jonath, Krempel, Haag, and Müller. Due to a recommendation by World Athletics (formerly “International Association of Athletics Federations” (IAAF)) and the translation of the work into several languages, a great number of these books were sold. However, progress and modern knowledge of the various fields of sport science required extensive editing and revision of these three volumes. The present comprehensive textbook on athletics succeeds these books. The first edition published in German by Strauß in 2013 already included extensive changes and additions to the content, and was based on an entirely new concept. In 2016, the book was selected as the official textbook of the IAAF and translated by the IAAF into Arabic, Chinese, English, French, Portuguese, Russian and Spanish. As a result, the textbook has become an important foundation of the World Athletics’ educational materials, and many parts are used on their e-learning platform for coaches. This World Athletics certified textbook, Track & Field, is the only available translation that contains the entire contents of the original edition.


Modern athletics training is characterised by two factors: first, experience and opinions— therefore also training methods and contents of successful coaches—are passed on to the next generation of coaches. Second, the current findings in sport science have a great impact on training. Both of these factors are closely linked and have their own advantages and disadvantages. This textbook attempts to represent athletics in all its complexity and as the symbiotic interaction between training science and practice. In terms of practical training, an individual coach’s experience as well as intuition and know-how are as important as a sound scholarly foundation.


This edition includes a general section which deals with the following topics:


•types of motor stress;


•adaptation and performance capacity;


•training control;


•training methods; and


•general training contents.




The Olympic disciplines of athletics are dealt with in the discipline-specific sections. In each case, the respective discipline is introduced from an anecdotal and historical perspective. Then, the following aspects are covered:


•competition rules;


•technique;


•strategy;


•didactics; and


•training planning.


The latest findings from training practice are presented while taking into consideration comprehensive national and international training literature. The photo sequences illustrating the technique of each discipline show top athletes and are accompanied by expert commentary. The various examples of training planning can be used as guidelines by interested individuals in various age groups. Recent findings in training and movement science are documented for the individual disciplines, taking into account the requirement profile of the athletes and the diagnostic methods to organise and improve training processes.


The results of the biomechanical studies on world-class athletes and the precise representation of the parameters determining performance are a useful addition to the technical features. The sections on training were deliberately written in a more extensive manner to illustrate the modern state of training methodology. The length of this book may be explained by the complexity of the topics presented in the texts, diagrams, and figures.


Our thanks go to Prof. Dr. Dr. Wildor Hollmann (general section), Dr. Norbert Stein (running events), Dr. Wolfgang Ritzdorf (jumping events), and Dr. Axel Knicker (throwing events) for the expert revision of the manuscript. We would also like to thank the German Athletics Association, Philippka Publishing House, and Helmar Hommel for making the photo sequences of top athletes available. Very helpful assistance for the original edition of the book was also provided by Dr. Frank Scholz for proofreading the book, by Ulrike Jonath who designed the cover, and by Horst Jonath (pictograms). Special thanks go to Dr. Jürgen Schiffer for his valuable assistance in obtaining current literature as well as for the final editing and the creation of an index. We also thank World Athletics for providing the excellent translation of the book by Dr. Jürgen Schiffer together with Dr. Patrick Labriola, and we look forward to the further development of the content and its continued success. Finally, we greatly appreciate the commitment of Martin Meyer, Robert Meyer, and Liz Evans from Meyer & Meyer Sport to this project, making the publication of the English edition of the textbook possible.


We wish the book a wide, varied, and interested audience.


–Heiko K. Strüder, Ulrich Jonath, Kai Scholz






TEST AND TRAINING FORMS IN THIS BOOK


All the forms of games, exercise, and tests used in the book are numbered. When first presented, each form of games and exercises is provided with a bold blue number and is described in detail. The same applies to the test and control procedures which are marked with a “T” in front of the number. The numbers (blue, not in bold) are used in many places in the book (e.g., in connection with another discipline or in the “Errors – Causes – Corrections” chapters) to refer to the (description of) forms of games and exercises or test and control procedures. In some exceptional cases, there is a number reference before the detailed description. This is when an exercise is a core exercise in discipline 3, while it is only an auxiliary exercise in disciplines 1 and 2, but discipline 3 occurs later in the book. The 5-box system (see figure 1) shows for whom a certain form of game or exercise is suitable and refers to the age and performance categories described in chapter II–3.1.1. Depending on the shading in the box, the game or exercise form is more or less suitable for the appropriate age and performance category.




[image: figure]

Figure 1: Explanation of the 5-box system.
This sample exercise is especially suitable for (high-)performance sport. In some instances, the box is filled with diagonal lines (e.g., when in the general part an exercise is presented which is often used differently in various disciplines).









Table 1: Overview of the numbering of the forms of games and exercises and the test forms
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PART I


GENERAL ASPECTS OF ATHLETICS TRAINING









1MAJOR TYPES OF MOTOR STRESS


In order to carry out optimal training, the following questions must be answered:


•Which factors have an effect that limits performance in specific sports?


•Which available measurements can accurately determine the current situation and the effects of training?


•Which training methods work best for individual athletes?


As a basis to answering these questions, Hollmann introduced the concept of major types of motor stress to training theory in 1967. These include:


•coordination,


•flexibility,


•strength,


•speed, and


•endurance.


Of course, there are smooth transitions and overlapping areas between these various categories. Nevertheless, a conceptual distinction is helpful to develop a precise understanding of factors which limit performance and specific training adaptations as well as the required training stimuli. In particular, specific factors pertaining to age and gender must be considered. A detailed presentation of the major types of motor stress and additional reference works can be found in Hollmann and Strüder (2009).


1.1COORDINATION


(Movement) coordination is defined as the interaction of the central nervous system (CNS; the brain and spinal cord) and the skeletal muscles within a specific sequence of movements. Intramuscular coordination (IC) refers to the interaction between nerves and muscles within a specific sequence of movements in a single muscle, while intermuscular coordination is the interaction of various muscles during a specific sequence of movements. The term technique is often used when coordination is meant during specific movements in sports. However, the individual technique specific to a sport is also limited by the other major types of motor stress. For example, the technical behaviour of a jumper during the flight phase depends significantly on the time available, which is determined by the vertical velocity of departure as a result of jumping strength.


The neuromuscular function provides the physiological basis for coordination. All muscle groups in the body are represented in the cerebral cortex. Voluntary movements are based on the integration of the motor and sensory system (see figure 2). Here, the cerebellum and the basal ganglia (a collection of nerve cell bodies) play an important role. In particular, the cerebellum receives sensory information and then modulates the temporal interaction and the direction of movements. The basal ganglia are primarily responsible for the regulation of movement speed. The brain stem and the motor nuclei in the thalamus control the functions of the cerebellum and the basal ganglia. This occurs in contrast to the motor part of the cerebral cortex, which initiates movements by planning which motor neurones (nerve cells) shall be used. A portion of the pre-frontal cortex, the pre-motor strip, is specifically used for the design of actions. From here, complex sequences of motor actions are controlled. The excitation of the motor centres in the cerebrum increases the impulses of the gamma system and prepares the pre-start state. This includes an increase in muscle tone (basic tension of the muscle) with a sensitivity increase of mechanoreceptors and proprioceptors. The latter include the muscle spindles, the Golgi tendon organs, and the joint receptors. This will allow smooth and properly dosed movements.






DISCOURSE I:
IMPORTANT TERMS TO UNDERSTAND THE MOTOR SYSTEM


Fibre, afferent/efferent


Afferent: conducting inwards; afferent nerve fibres transmit information (impulses) taken from the periphery to the CNS.


Efferent: conducting outward; efferent nerve fibres transmit information from the CNS to the executive organs in the periphery; in the case of motor-efferent fibres, the muscles are the effector organs.


Fibre, extrafusal/intrafusal


Extrafusal muscle fibres make up the bulk of the skeletal muscles and cannot be found within the sensory muscle spindle.


Intrafusal muscle fibres can be found in the muscle spindle; their contraction initiates or modulates the sensory discharge.


Golgi tendon organ


Sensory element in the tendons of muscles, which is activated by elongation or contraction of the muscle; an important receptor type in the muscle; it consists primarily of an afferent nerve fibre whose endings are located in the tendons between the muscle and the bone; these nerve fibres have many ramifications among the individual tendon fibres near the muscular origin of the tendon.


Motor neurone


One of the three major functional types of neurones, a motor neurone is a nerve cell which is involved in movement processes; motor neurones form synapses with muscle cells, transmit information from the CNS, and translate them into muscle movement. Alpha motor neurones regulate the length of the extrafusal fibres in the muscle (also called skeletomotor system), alpha motor neurones innervate the intrafusal muscle fibres of the muscle spindle and, using the proprioceptive reflex arc, trigger a contraction of the striated muscles. The muscle length during a contraction of the muscle is influenced by the gamma efferences; the gamma motor system adjusts the threshold and sensitivity of the stretch receptor.




Muscle spindle


A spindle-shaped structure in the skeletal muscle which contains small muscle fibres and receptors, the muscle spindles are activated by stretching.


Neurite (axon)/dendrite


A long/short extension of the neurones (nerve cells).


Proprioception


Deep sensitivity; perception of the position and movement of the body in space; through specific receptors (proprioceptors), information is registered about muscle tension, muscle length, and joint position or movement.


Reflex


Involuntary movement or other response which is caused by the activation of sense organs and is conducted via one or more synapses in the CNS.


Spinal ganglion


Thickening of nerve cells in the posterior root of the spinal cord; contains cell bodies.


Synapse


Point of contact between nerve cells or nerve cells and muscle cells or nerve cells and sensory cells; the intermediate space between the membranes of the pre-synaptic and the post-synaptic cell in a chemical synapse through which the transmitter (messenger substance) diffuses is referred to as synaptic cleft; monosynaptic means a connection with only one synapse.







At the beginning of the motion sequence, the muscle spindles provide the target value of muscle length necessary to solve the motor task. In addition, the muscle spindles continuously measure the length of the muscle during movement execution. Only the simultaneous action in the antagonistic muscles allows for movements which are most finely graded in terms of force. The two muscle groups that enable movements in opposite directions at a joint are called agonists and antagonists.
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Figure 2: Motor areas of the cerebral cortex. These affect the motor spinal nerves both directly and through the brain stem. All three levels of the system receive sensory information and are affected by the mutually independent systems of the basal ganglia and the cerebellum (modified on the basis of Hollmann and Strüder, 2009, p. 21).





The following factors are crucial for the quality of coordination:


•consideration of the physical laws that are relevant for the respective motion;


•degree of exercise of the agonist-antagonist muscles active during the respective motion; and


•adaptation state of the vestibular system (vestibular apparatus).


Depending on preliminary training as well as the type and frequency of stress on the muscle groups, the optimal level of coordination for each individual is reached at different ages. In men and women, movements which are not specifically trained may likely reach their individually optimal quality at about the age of 20. Accelerated growth and an early start of specific practice can lead to achieving an optimal level of coordination at a much earlier age. The more complicated the movements in a discipline, the more emphasis should be placed on starting coordination training as early as possible. If specific coordination exercises are started at an early age, optimal coordination can already be achieved by the age of 12 or 13. Disturbances in the longitudinal growth of young people (ratio of trunk to leg length), which during certain developmental phases are caused by accelerated growth and which have adverse effects on coordination, deserve special attention. Without special exercises there is a decline in the quality of coordination at old age. Improvement in the quality of coordination through practising the respective movement sequence is primarily achieved by facilitating (ingraining) the corresponding specific movement pattern. The better the quality of coordination, the more straightforward, effortless, and precise the movement goal is achieved. The movement sequences become more fluent and economic, and the superfluous luxury movements, typical for beginners, disappear. This leads to a decrease in energy expenditure and thus the demand for oxygen during a given muscular activity. Due to the improvement in coordination, a conscious action, which is controlled by the cerebral cortex, is turned into an unconsciously executed action, whose automatism is controlled by subordinate centres of the brain. This relieves the cerebral cortex, and the movement sequence is mastered more safely and accurately than before. Economising movements, which is the result of improving coordination, also reduces the risk of injury, which is counteracted by an improved coordination of muscles while avoiding unnecessary innervation.


Especially when the body is set in rotary motion, for example in the hammer throw, the state of adaptation of the vestibular system plays an important role for coordination performance. The vestibular response to an appropriate stimulus is a complex sum of peripheral excitability and adaptation status of the entire vestibular apparatus. Through appropriate exercises, the intensity of the vestibular reaction can be reduced, and thereby the coordination can be improved. Four stages can be distinguished from the beginner stage to optimally developed quality in coordination:




•visual presentation in the cortex of the beginner, derived from the theoretical explanation and practical demonstration of the respective motion sequence;


•own experience in the motor process with a corresponding reduction in the extent of propagation (irradiation) of the stimulus processes;


•elimination of superfluous associated movements of other muscle groups; and


•automation and thus stabilisation of coordination with optimal intra- and intermuscular coordination.




DISCOURSE II: CATEGORIES OF COORDINATION REQUIREMENTS


The categories of coordination requirements and the concept of the Coordination Requirement Controller (CRC) derived from this by Neumaier et al. (2009) have also proved to be relevant to practising (see figure 3). In this approach it is assumed that there is a difference between the coordination requirements in terms of the afferent sensory information and pressure (constraint) conditions inherent to the movement task. The information requirements are divided into optical (o), acoustic (a), kinesthetic (k), vestibular (v), tactile (t), and “integrative sensory abilities to cope with the equilibrium requirements” (E). The pressure (constraint) conditions are divided into the following areas:


•Precision constraints (P): requirements concerning movement accuracy


•Time constraints (T): requirements concerning the available movement time and/or movement speed


•Complexity constraints: requirements concerning simultaneous coordination (C1; concurrent movement parts), successive coordination (C2; successive moving parts) and muscle selection (C3; amount of the muscle groups to be included)


•Situation constraints: requirements concerning the environment and situation variability (S1) and situation complexity (S2)


•Stress constraints: requirements concerning physical stress (St1) and mental stress (St2).


Practical relevance arises in particular from the fact that during training the different areas can be up-regulated or down-regulated in a manner oriented toward an objective (see chapter I-4.1).


In this book, the requirement profiles for the individual disciplines are based on a simplified form of the CRC. This means that the superordinate equilibrium requirements are not assessed separately, and both the complexity constraints and the situation constraints are reduced to one controller each. The psychological stress constraints are not assessed, since these can differ from person to person and from one competition to the next one due to different circumstances.
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Figure 3: Coordination Requirement Controller (modified on the basis of Neumaier, 2009, p. 134).








However, the objective of practice and training is not only the ingraining of an optimal motor-dynamic stereotype, but during movement and technique training the task must often be varied, so that during competition the athlete can optimally adapt to constantly changing situations (variable availability of the movement sequence). In most cases, the ingraining of certain (always identical) movement programmes and the associated perception make it more difficult to change movements once learned than to learn a new movement sequence.


The observation that when exceeding a certain number of exercise movements per day the exercise effect no longer increases but decreases is also very important particularly for athletic training. The probable cause of this is the onset of fatigue, which impairs coordination and no longer guarantees optimal movements.




1.2FLEXIBILITY


Flexibility (mobility) is defined as the possible range of movement that can be voluntarily achieved in one or more joints. The larger this range, the greater the flexibility. Factors limiting flexibility are:


•joint structure;


•amount of muscle mass;


•stretchability of the muscle;


•stretchability of the tendons, ligaments, and joint capsules as well as the skin; and


•tonus/pre-excitation.


These factors are of a mechanical nature, whereby a distinction must be made between non-controllable and controllable factors. The former pertain to the respective joint structure and the muscle mass. Flexibility is the only major type of motor stress whose maximum value is already achieved during the transition from childhood to adolescence and which then decreases. The age of greatest flexibility-related development dynamics is 10 years of age at the latest. Women have a greater flexibility than men and reach the corresponding maximum values earlier.


In training practice, a distinction is often made between active and passive flexibility. Active flexibility, which is brought about by the antagonists of the stretched muscle, is less than passive flexibility, which is caused by an external resistance. This is especially true for slow movement speeds. At high speeds, the antagonist can produce a correspondingly greater moment of inertia of the moving body segments, which then, so to speak, becomes the external force and stretches the agonist passively. For example, when standing on one leg and moving slowly one cannot raise the heel of the free leg all the way up to the buttocks. Causes of this active insufficiency are the decreasing force with decreasing muscle length and the mass of the contracted calf and hamstring muscles. However, when moving quickly with enough momentum (moment of inertia) it is possible to raise one’s heel all the way up to the buttocks. Other examples of additional external forces which enable the athlete to reach greater passive movement amplitudes are the inertia of a throwing device, one athlete stretching another, or the resistance of the ground.


In respect to flexibility, joints can only be viewed in connection with one another if the muscle and tendon units extend over more than one joint. For example, some thigh muscles extend both over the knee and the hip joint. Some parts of the hamstring muscle group work as hip extensors and knee flexors at the same time. Some finger and foot muscles as well as certain parts of trunk muscles even span over a greater number of joints. Active insufficiency occurs especially in these muscles. Since a muscle cannot shorten indefinitely, a maximum range of motion is not possible in all joints simultaneously. The stretchability of a muscle is primarily determined by the properties of the elastic component of the muscle and tendon unit. Stretchability is required especially in a stretching position and is responsible for the resistance to stretching. In addition to active insufficiency, there is also the passive insufficiency of multi-joint muscles. Stretchability is too limited to achieve a maximum range of motion in all joints. Therefore, a multi-joint muscle more easily reaches the limit of its stretchability and is thus more susceptible to injury. When performing stretching training, one should keep in mind that the position of all the joints spanned is crucial when stretching a multi-joint muscle.


To understand the use of stretching exercises, knowledge of some basics of neurology is helpful. Among the reflex arcs involved in controlling motor function, the monosynaptic stretch reflex is of particular importance. The muscle spindle is the receptor organ of this reflex arc (see figure 4). In the muscle, thinner and shorter muscle fibres are positioned in the shape of spindles parallel to the “normal” muscle fibres. They are called intrafusal muscle fibres and have their own motor innervation, the gamma-fibres. In addition to motor innervation, the muscle spindles also have sensory innervation. These afferent fibres wrap themselves around the centre of the intrafusal muscle fibres several times. In respect to their function, they are stretch receptors. Simultaneous stretching of the muscle and the muscle spindle causes the spindle to send action potentials to the CNS, with the pulse frequency being proportional to the extent of the stretch. By stretching the extrafusal or contracting the intrafusal muscle fibres, the muscle spindle can trigger afferent impulses. These pulses are conducted to the spinal ganglion, whose neurit initiates synaptic contact with the alpha motor neuron. From this point, a contraction of extrafusal muscle fibres can be triggered. Both triggering processes are complementary in their effect or attenuate each other. Thus, an intrafusal contraction with simultaneous stretching of the muscle leads to a particularly strong activation of the stretch receptor, while extrafusal contraction and intrafusal relaxation relax the stretch receptor. In this way, the threshold value, and thus sensitivity, can be set anywhere between these extremes. An optimum setting is achieved by repeatedly performing the stretching of relevant muscles, which results in an increase in movement speed. Some athletes make use of these physiological principles when preparing for a sprint, jump, throw, etc. However, there is also fear that, in particular when stretching statically, reactive force is reduced and therefore performance decreased.


In addition to muscle spindles, there are also stretch receptors in tendons. These tendon spindles (Golgi tendon organs) act contrary to the muscle spindles, thus leading to an inhibition of the alpha motor neurones, which excite the stretched muscle. This behaviour is termed inverse stretch reflex. It only occurs at a significantly greater elongation than caused by the stretch reflex induced by muscle spindle.
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Figure 4a: Sensory receptors in the muscle; b: Muscle spindle (modified on the basis of Kandel et al., 1995, p. 519). The muscle spindle is excited by both afferent and efferent fibres (gamma motor neurones). The muscle spindle consists of intrafusal fibres, sensory terminations and motor axons. The Golgi tendon organ is connected to the muscle fibres through collagen fibres.





1.3STRENGTH


Force can be defined in physical and biological terms. From a physical point of view, forces deform bodies or change their states of motion. Without force effects, a body remains in its state of uniform motion due to its inertia (Newton’s first law). Apart from rest, two main states of motion can be distinguished: rotation, in which all points of a body rotate on concentric circles around the centre of mass (centre of gravity = CG) of a body, and translation, in which all points of a body move on parallel paths. The change of the state of motion (i.e., the magnitude of acceleration [a]) of a body with the mass m is proportional to the force causing this change (a = F/m; Newton’s second law). Each force produces an equal counterforce (action = reaction; Newton’s third law). Therefore, if one pushes against a wall with a force of 100 Newtons (N), the wall pushes back with 100N. However, these statements about physical force cannot be so easily applied to force in the field of biology.


A muscle develops force through tension. The main manifestations of force in humans are static and dynamic strength. Static strength is understood as the muscle tension which in a given position can be voluntarily exerted against a fixed resistance. Dynamic strength is the force developed within a specific sequence of movements. Dynamic strength in the form of so-called strength endurance also occurs in the context of endurance which is one of the major types of motor stress. All types of endurance will be discussed together in chapter I-1.5. There, strength endurance loads will be dealt with under the name of local or general anaerobic endurance.


Dynamic strength is divided into movements occurring with muscle shortening (concentric strength) and muscle lengthening (eccentric strength). Maximum strength is defined as the highest possible strength that can be voluntarily produced by the nerve and muscle system. Maximum strength is less than absolute strength, which also includes autonomously protected reserves (see discourse III). The difference is referred to as strength deficit. Furthermore, absolute maximum strength must be distinguished from relative maximum strength, which is related to body mass. Since the acceleration achieved also depends on the mass of the accelerated body (a = F/m; see above), good relative maximum strength (in N/kg) is of decisive importance when a person’s body must be moved, for example, especially in the athletics jumps. Reactive strength, which occurs in stretch-shortening cycles, is rather independent of maximum strength. Within a cycle, first a rapid eccentric contraction (stretch) occurs; immediately afterwards the movement direction is reversed and a concentric contraction (shortening) of the same muscles occurs. This results in increased force production during the concentric phase, since during the eccentric phase energy was stored in the elastic structures and certain reflexes were triggered. In athletics, stretch-shortening cycles and thus reactive-strength loads occur especially in takeoffs, but also during every sprint stride. In throws, stretch-shortening cycles are also specifically triggered by clever strategies used by the athlete. Reactive-strength loads in stretch-shortening cycles are almost characteristic of most highly dynamic athletic movements.


The amount of maximum static strength is determined by the following factors:


•muscle fibre cross-section,


•number of muscle fibres,


•muscle structure (including the proportion of fast and slow muscle fibres),


•muscle-fibre length and angle of traction,


•coordination, and


•motivation.


In contrast, the following factors are important for the effect of dynamic strength:


•static strength,


•mass to be moved (weight and form),


•contraction velocity of the muscles,


•coordination,


•observation of the relevant physical laws and anthropometric (body-structural) properties, and


•muscle pre-stretching,


and especially in connection with reactive strength:


•current muscle length and previous movement and


•structure of the passive elements of the muscle-tendon unit.




In human muscles, there are type I and type II fibres. Type II fibres are divided into two subgroups: type IIa and type IIx (the latter were formerly known as IIb fibres). The different fibre types are characterised by sometimes large differences in their metabolic and contractile properties. Type I fibres contract slower, type II fibres contract faster, and type IIx fibres contract fastest. Type IIx fibres are about 10 times and type IIa fibres approximately three to five times faster than type I fibres. In comparison to type I fibres, type IIx fibres can develop tension which is about 15–20% greater. Type I fibres have far more capillaries, a larger mitochondrial volume, a greater capacity to metabolise fat, and a higher insulin sensitivity than the other fibre types. In this respect, the performance of the IIx fibres is the lowest. It can be assumed that in average people about 50% of all muscle fibres in the body belong to the fast type, while the remaining 50% are slow fibres. There is a statistically high correlation in percentage between the cross-sectional area ratio of fast fibres in a muscle and the maximum speed strength of this muscle, but hardly a statistically significant correlation with static maximum strength. There are also extremely significant correlations between speed strength per kg body weight and the percentage of fast-fibre area.


The amount of force a muscle can produce depends on the joint angle. In the event of a stronger stretch, the actin and myosin filaments of the muscle fibre overlap only a short distance, some myosin heads cannot attach, and muscle strength decreases (see figure 5). If, however, the muscle, and thus the individual sarcomeres, have already shortened significantly, the myosin filaments even touch the Z-disks and muscle strength also decreases. This means that the muscle generates the greatest force at a medium length. This effect is enhanced by the following biomechanical phenomenon: Most tendons of muscles attach to the bone in such a way that the effective lever arm is the greatest in a medium joint position, since the torque generated in a joint not only depends on the strength of the muscle but also on the effective lever arm. The effective lever arm is the distance between the axis of rotation of the joint and the point where the tendon attaches to the bone, at right angles to the pulling direction of the tendon. The corresponding bell-shaped curve of the active force determines, together with the stretch resistance of the connective tissue, the typical length-tension relationship. The sliding filament theory described above applies to concentric loads, and even during static movements the muscle belly shortens to a certain extent, while the tendon is stretched accordingly. The process during eccentric muscle work, in which the muscle is extended despite tension, is not yet fully understood. Since the tilting movement of the myosin heads is possible in only one direction, it is assumed that individual sarcomeres are torn apart and that tension at these points is transmitted only via passive elastic filament structures such as titins and desmins.








DISCOURSE III: FUNDAMENTALS OF MUSCLE CONTRACTION

The central nervous system controls muscle force through the number of muscle fibres activated simultaneously (recruitment) and the frequency at which it sends impulses to the muscle fibres (frequencing or rate coding). A central nervous protection mechanism ensures that maximum muscle excitation is possible only in panic situations and under drugs, hypnosis, or electric stimulation. The highest level of performance unable to be activated under normal circumstances is called autonomously protected reserve. This can be reduced by training. Each alpha motor neurone coming from the spinal cord branches out in the muscle and simultaneously excites (innervates) 5 to approximately 2000 muscle fibres. An alpha motor neurone and the muscle fibres excited by it are called motor unit. If any excitation (action potential) reaches a muscle fibre, Ca++ ions are released in the muscle, allowing for the contraction of the muscle (sliding action of the actin and myosin filaments). If no further excitation occurs, the contraction is deactivated quickly, since Ca++ ions are continually pumped out of the muscles. However, if several action potentials reach the muscle in rapid succession, the amount of Ca++ ions adds up inside the cell and the muscle force increases. Thus, it is only in the case of maximum excitation frequency that a maximum force development of the individual muscle fibre takes place. If the recruitment is also optimal, the whole muscle develops its maximum force. During muscle contraction, the heads of the myosin molecules attach to contact sites on the actin molecules, which were exposed by the influx of Ca++ ions. After forming these cross-bridges the myosin heads perform a tilting movement and the myosin filament slides a little way along the actin filament. Then the myosin heads detach again from the actin. This process goes hand in hand with a breakdown of ATP. Provided there are still Ca++ ions inside the cell, the grip-release cycle (ratchet mechanism) can begin anew. When the actin and myosin filament slide into each other, the Z-disks approach each other, the sarcomere shortens, and the whole muscle shortens by multiplying this process.





Inside and outside the muscle fibre, there are lots of passive elastic structures. Outside the muscle fibre, these are the structures of the connective tissue of the muscles consisting of the collagen protein: Individual muscle fibres are surrounded by the so-called endomysium. Groups of muscle fibres (muscle bundles/fascicles) are surrounded by the firmer perimysium. The entire muscle is surrounded by the epimysium. At the ends of the muscles, the membranes of the muscle fibres, the perimysium and the endomysium, merge into the connective tissue fibres of the tendon or aponeurosis. Since all these components are positioned either parallel or in series to the contractile components, a distinction is made between serial- and parallel-elastic components. These components are used for force transmission, protection against over-stretching of the muscle, and energy storage. The latter is especially interesting in the context of reactive strength. During reactive-strength exercise, the power output during the concentric phase is not only increased through reflex activity but also by storing energy in elastic structures. This energy was previously stored during the concentric phase as in a rubber band. The more a muscle is stretched during tension, the more its strength depends on passive elastic components.
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Figure 5: Schematic representation of a skeletal muscle, a: total muscle with fascicles (muscle bundles), b: muscle fibre (muscle cell) with five myofibrils, c: myofibril with 2½ sarcomeres, d: sarcomere with filamentary structure (modified on the basis of De Morree, 2001, pp. 126–127).







The CNS, however, not only affects strength through the above-mentioned mechanisms of recruitment and frequencing (rate coding) of muscle fibres, but also by another trick. During the highest strength loads (e.g., during a long-jump take-off or a maximum squat), the CNS triggers strength-increasing exhalation against closed air passages (Valsalva manoeuvre). In this case, all trunk muscles (abdominal, back, intercostal, diaphragmatic muscle, etc.) contract simultaneously, so that the trunk is formed into a compact unit. Only with a compact trunk is a maximum momentum transfer possible. This way, during maximum exercise, strength can be increased by about 10%. The hypertensive effect of the Valsalva manoeuvre and the associated risk for cardiovascular patients have been frequently pointed out. An extended pressing power can even lead to orthostatic collapse. For healthy athletes, however, forced breathing is a natural and sensible phenomenon—no one should try to exhale during a long-jump take-off! The phrase pressing means power has always been an old weightlifter’s rule.


In strength development, there are not only inter-individual but also intra-individual muscle-specific differences. As far as the forearm flexor muscles are concerned, girls reach maximum values by the age of 16 years, whereas boys only do so between the age of 18 and 20. In women, the former also applies to the lower leg extensor muscles. As far as these muscles are concerned, maximum values can also be measured in boys by the age of 16. In men, maximum strength is on average 30–40% higher than in women. The main reason for sex-related differences in strength is the smaller muscle fibre cross-section in women. At the same time, women generate less explosive and dynamic power per cm2 muscles, which is possibly caused by higher intramuscular fat content. If there is still not a sufficiently high testosterone level in the muscle cell, structural strength trainability is limited. Nevertheless, in both sexes strength training before the age of 10 cannot only result in highly significant strength gains but also in an increase in muscle fibre size (hypertrophy). During specific movement sequences, increased strength is caused especially by improved quality in coordination (i.e., through the interaction between the central nervous system and the skeletal muscles).


The immobilisation of a muscle group (e.g., resulting from a plaster cast) can lead to a reduction in maximum static strength by about 20% even after eight days and by almost 30% after 14 days. In the course of the ageing process, strength is also reduced, with leg strength being reduced faster than arm strength. In men, the loss of muscle strength takes place more rapidly than in women. Clear reductions in static muscle strength occur after the age of 60 on average. Healthy people in the 7th and 8th decades of life exhibit on average 20–40% less static and dynamic muscle strength than young people; in the 9th and 10th decade of their lives, the reduction amounts to 50% and more. Age-related decline in muscle strength is mainly due to a reduction in the number of muscle fibres. One can roughly assume that beyond 30 years of age about 6% of the muscle fibres perish per decade of life. The cause of this is still scientifically unclear. At the same time, a regression of the cross-sectional size of the individual muscle fibre can be observed (atrophy). This loss can be counteracted, at least partially, by suitable strength training.


When maximum strength is related to kg body weight, sex differences become much greater. This applies even more when regarding the relationship of static strength to fat-free body mass. The percentage increase in static muscle strength due to training is about the same in both sexes. Unlike static measurements, isokinetic measurements at low speeds of movement (30°/sec) can lead to greater differences than at high speeds. Eccentric strength exercise causes the least sex-based strength differences.


The distribution of the number of muscle fibres in terms of slow and fast fibres is also about the same in both sexes, with a greater interindividual variation in males. The exercise-induced increase in muscle-fibre cross-section per unit of time does not vary in female and male people.


Although strength training alters the percentages of muscle-fibre distribution only to a small extent, it can change the magnitude of the cross-sectional area of the available types of muscle fibre. The genome plays a crucial role for the percentage composition of muscle fibre. Although the 110m hurdles world record was held by an Asian athlete until recently and, for example, with Kim Gevaert and Matic Osovnikar one female and one male athlete of Caucasian origin qualified for the 100m World Cup final in 2007, a large proportion of Africans, Afro-Americans, -Jamaicans, and -Britons among the world-class sprinters, which is unexpectedly high in comparison to the world population, is striking. Apart from diverse social influences, causal factors of this can be particularly genetic factors, for example a genetically determined higher proportion of fast-twitch muscle fibres.


Connective tissue (cells and substances which are located between the body cells) is strengthened by weight training. Thus, tendon and ligament damage can be remedied faster by performing specific strength training than by immobilisation. There are close links between the development of strength and bone structure and density. According to longitudinal studies conducted over several decades, strength training during youth or early adulthood as well as the associated pressure and tensile loads on the bones can lead to significant increases in bone density, which later may be beneficial when getting older. Thereby, the probability of osteoporosis (degenerative reduction of bone density) is reduced. Former world-class long-distance runners, whose physical activity did only include low strength loads, barely show significant differences in bone density between the age of 50–60 when compared with same-aged men and women with a sedentary lifestyle. Unlike endurance athletes, former female and male gymnasts between 50 and 60 show superior bone density values. Strength training can increase the diameter of long bones (e.g., in the thigh) to a highly significant degree. There is also an increase in the outer layer, bone density, and the bone projections of the muscle-tendon attachments. Such changes are evident as early as after three to five years of systematic strength training. The resulting changes are retained to a certain degree even after prolonged interruption of training. The articular cartilage is also positively affected by strength training, to the extent that an increase in thickness can be detected. Conversely, a prolonged immobilisation has a negative effect on bone strength and elasticity.


1.4SPEED


Speed of athletic movements is the ability to respond to a stimulus as fast as possible and/or to carry out movements at the highest speed. The following four motor characteristics can be dealt with in the context of speed:


•reaction time,


•speed of a single movement,


•movement frequency, and


•locomotion speed.


Reaction time is defined as the time which elapses from the point of giving a signal until the start of voluntary reaction. A distinction is made between single and choice reactions. In the former, there is only one possible stimulus followed by a previously fixed response. In choice reactions there are at least two possible stimuli (signals). Each signal is followed by a different action. Furthermore, reactions can be distinguished by the nature of the stimulus. In athletics, there are reactions to acoustic stimuli (e.g., the starting signal in a crouch start), visual stimuli (e.g., during the outgoing runner’s start in the 4 x 100m relay), and tactile stimuli (e.g., when touching an obstacle or an opponent).


•The simpler the stimulus (auditory stimuli are simpler than visual stimuli),


•the simpler the required motor action (pressing a key vs. crouch start),


•the more clearly defined the task (the CNS can then prepare the required motor programme even before the appearance of the stimulus), and




•the more previous experience with the required motion available,


•the lower the reaction time will be.


If the movements are simple (e.g., pressing a key), or if the influence of the movement is reduced (e.g., when measuring the first detectable movement during the crouch start by sensors in the starting block), results show that the (pure) reaction time – after a short initial period of adaptation – is hardly trainable and subject to fluctuations from trial to trial. The objective of training is therefore to optimise the quality of the prepared motor programme and the training of concentration to stabilise the reaction times (selective attention).


The repetitive movements of running are called cyclic movements. Therefore, in terms of an athletics sprint, people often talk of cyclic speed. In contrast, acyclic speed is the speed in non-cyclic movements, such as putting, throwing and jumping movements. Basic speed is defined as the maximum achievable speed of movement. The following factors limit performance:


•the dynamic strength of the working muscles,


•coordination,


•contraction velocity,


•muscle viscosity,


•anthropometric characteristics, and


•flexibility.


Some of these factors overlap one another since coordination already affects the force developed; viscosity (i.e., the frictional resistance within a muscle during movements) is also of importance for contraction velocity. The most important factors are undoubtedly the dynamic strength of the working muscles and coordination. For contraction velocity, besides the size of the cross-sectional area of faster muscle fibres, muscle elasticity is also of importance, among other things. This applies equally to the agonistic and antagonistic muscles. Furthermore, the extensive relaxation of the muscles not currently active is also a requirement for high contraction velocity. Nervousness or exaggerated pre-start tension with resultant muscle tension can have a negative impact on contraction velocity. Anthropometric characteristics can also affect the basic speed in physical terms. Studies have shown that somatometric (involving body measurement) dimensions of body weight, pelvic width, thigh length (lever arm), and circumference (muscle strength) influence sprinting time.


The velocity of individual movements can differ from one person to another. An athlete may have fast legs, but slow arm movements. Conversely, one also speaks of the fast arm of the otherwise rather slow javelin thrower. The speed of individual movements, for example at a joint, also determines the frequency of movement. The maximum values of movement frequency are considerably different at the various joints. During concentric contractions, force decreases in relation to increasing speed, while the opposite behaviour is observed in an eccentric contraction, when the active muscle is lengthened. Here, the maximum eccentric force attained is higher than the concentric force at all comparable speeds. Elastic structures are of considerable importance in this context.


The structure of a muscle determines the maximum attainable speed of movement. If a muscle contains a large number of sarcomeres connected in series, it can attain higher maximum shortening speeds than a muscle containing a low number of sarcomeres. Force (also the possible force per unit of time) increases with the number of sarcomeres connected in parallel. Moreover, a high percentage or a particularly large cross-sectional area of fast-twitch muscle fibres improves the capacity to generate a high acceleration and speed. The concentration of the myosin ATPase enzyme in the muscle cell, which determines the rate of myosin cross-bridge formation, is also crucial for the development of an explosive strength effort. The contractile properties of the muscle can be changed in two ways through training. One involves fibre conversion, the other a selective hypertrophy of a specific fibre type. Fast fibres contain predominantly myosin heavy chains and other fast contractile protein isoforms. Specific stimuli addressing the relevant genes cause specific changes in the muscles. The precise cellular signals for the individual muscle gene are still largely unknown.


1.5ENDURANCE


Endurance is characterised by the ability to maintain a given performance over a period as long as possible. Thus, endurance is identical with fatigue resistance. Depending on the quality and quantity of physical work per unit of time, morphological (amount of muscle mass used), biochemical (aerobic/anaerobic metabolism) and biophysical aspects (dynamic/static stress) need to be distinguished (see figure 6). The most important types of endurance will be discussed below.


Local muscle endurance is defined as the endurance of a muscle mass, which is less than 1/7–1/6 of the total skeletal muscles (roughly equivalent to the muscles of one leg). Factors limiting local aerobic dynamic endurance are:
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Figure 6: Scheme of the different types of endurance performance capacity (according to Hollmann, 1967).







•the amount of intracellular oxygen supply per unit of time, which in turn is dependent on cardiac output, the sum of the vessel cross-sections in the working muscles (vascularisation or capillarisation and collaterals), the economy of intramuscular blood distribution, and myoglobin concentration,


•capacity of the mitochondrial metabolism (mitochondrial volume),


•size of local carbohydrate depots,


•quality of metabolic processes (high or low fatty acid metabolism), and


•coordination (fatigue).


This type of muscular endurance is of great importance for performance sport. Here, important haemodynamic and metabolic mechanisms occur. An exercise-induced improvement of local dynamic aerobic endurance affects haemodynamics and metabolism qualitatively and quantitatively. The backlash involves increased performance capacity even in the case of unchanged cardiopulmonary capacity. As far as percentage is concerned, this type of endurance is the most trainable type of motor stress, since its initial value can be improved far more than tenfold.


An improvement in local dynamic aerobic endurance is at least as important for increasing overall physical performance as training-induced cardiopulmonary adaptations. The physiological fundamentals for improvement are the following haemodynamic and metabolic changes:


Haemodynamic changes


•Improved vascularisation (enlargement of the cross section of vessels, development of collaterals and capillarisation)


•Improved intramuscular blood distribution


Metabolic changes


•Increase in the concentration of intramuscular glycogen


•Enlargement and proliferation of mitochondria


•Increase in the activity of anaerobic and aerobic enzymes


•Percentage increase in fat metabolism in comparison with carbohydrate metabolism during submaximal exercise


There is also an increase in the quality of coordination. The end result of these adaptations is an increase in peripheral haemodynamic, metabolic, and physical performance with retroactions on central control.


Local anaerobic static muscle endurance, for example, is addressed when a weight of more than approximately 15%, specifically when higher than 50% of the maximum static strength, is held in a fixed position (static work). Here, increasing the load causes a reduction of the oxygen supply due to the reduced blood flow in the muscles. The following factors limit general performance:






DISCOURSE IV: FUNDAMENTALS OF ENERGY SUPPLY


The basis of each muscle contraction is the breakdown of adenosine triphosphate (ATP) to adenosine diphosphate (ADP) and phosphate (Pi) with the release of energy. ATP is the only form of energy which can be used directly by cells. The quickest way to resynthesise ATP is from creatine phosphate stored in the muscle cell. However, the creatine phosphate store, and thus anaerobic-alactacid metabolism, fulfils the energy requirements only during the first few seconds of exercise. The resynthesis of ATP must occur continuously and without interruption. The metabolic processes using oxygen and occurring in the mitochondria are called aerobic, while anaerobic metabolism occurs outside the mitochondria without oxygen consumption. The important difference between these metabolic processes is based essentially on the fact that, unlike carbon dioxide (CO2) and water (H2O), which are generated during aerobic metabolism, the lactate produced during anaerobic metabolism can only leave the cell with difficulty and very slowly. The result is an accumulation of intracellular lactate with an appropriate acidification of the cell milieu (i.e., a decrease in pH value). This has a negative effect on performance capacity.


In summary, the most important energy-providing metabolic processes are:


anaerobic:


•ATP ↔ ADP + Pi + free energy


•creatine phosphate + ADP ↔ creatine + ATP


•glycogen/glucose + Pi + ADP ↔ lactate + ATP


aerobic:


•glycogen/glucose/fatty acids + Pi + ADP + O2 ↔ CO2 + H2O + ATP


The kind of nutrient metabolised depends on the quality and quantity of work, diet, and the training state. During the first minutes of work and at a high exercise intensity, the main focus is on carbohydrate metabolism, while fat oxidation becomes increasingly important during prolonged submaximal exercise. The intracellular stores are used first. The fat reserves are practically inexhaustible, because fatty acids can be supplied in sufficient amounts via the blood, whereas this applies to glucose only to a limited extent through the mobilisation of liver glycogen (glycogen = storage form of carbohydrates).







•amount of anaerobic energy to be developed and


•local and central fatigue.


Local anaerobic static muscle endurance is increased in particular by training leading to an increase in the maximum static strength of relevant muscles.


General aerobic dynamic endurance is defined as aerobic endurance exercise consisting of dynamic work by using a muscle mass greater than 1/7–1/6 of the entire skeletal muscles. Factors limiting general dynamic aerobic endurance are:


•maximum oxygen uptake or maximum oxygen uptake/kg body weight,


•height of the aerobic-anaerobic threshold,


•size of the glycogen store,


•quality of metabolic processes, and


•the brain (see also chapter I-2.5).


Maximum oxygen uptake is regarded as the major criterion of cardiopulmonary capacity. Oxygen uptake provides information about the amount of energy supplied aerobically over a period of a few minutes. The following factors can limit maximum oxygen uptake:


•ventilation,


•lung diffusion,


•cardiac output,


•total haemoglobin content,


•nutritional status, and


•dynamic performance capacity of the working muscles,


as well as the following external factors:


•mode of exercise,


•size and type of muscles used,


•body position,


•partial pressure of oxygen in the inspired air (altitude), and


•climate (heat, cold, humidity).


The old statement that the magnitude of the maximum oxygen uptake corresponds to the endurance capacity is not correct. Such a substantive connection only applies to short-term aerobic endurance (3–10 min). The longer the general aerobic endurance load, the more significant the metabolic processes in the muscles for the maintenance of the prescribed exercise intensity. Here, endurance performance primarily depends on:


•extent of the aerobic-anaerobic threshold,


•amount of glycogen stored in the muscles, and


•the quality of the oxidation processes (percentage proportion of carbohydrate and fat oxidation).


One can therefore assume that an increase in the world records in endurance competitions in recent years is due less to an increase in maximum oxygen uptake than rather to the quantitative and qualitative improvement of the metabolic processes occurring in the muscles. In summary, the following factors are therefore crucial for running endurance:




•extent of oxygen consumption at certain running speeds,


•percentage of maximum oxygen uptake, which can be sustained over the entire race distance,


•percentage of maximum oxygen uptake (or running speed) at which lactic acid concentration begins to rise (aerobic-anaerobic threshold);


•the absolute level of lactic acid concentration at certain running speeds, or the angle of increase in lactic acid concentration per unit of time during exercise;


•and individual maximum oxygen uptake as an indicator of maximum aerobic metabolism.


The mechanical efficiency is hardly improved in the course of the running training of an already good runner. However, the level of the aerobic-anaerobic threshold at which a long-term load can be sustained can be trained in larger percentages.


General anaerobic endurance is characteristic of the endurance exercise of large muscle masses, whose performance is limited by anaerobic metabolic processes. This means that the exercise-induced oxygen requirements cannot be satisfied during the exercise itself. During anaerobic metabolic processes lactic acid (lactate) is formed as compensation, leading to a decrease in pH value. Therefore, with increasing exercise duration, there is increased acidity which impairs performance. However, lactate is not only a waste product; as an intermediate product and signalling molecule it is also very important for metabolism. For example, many tissues—for example the heart and skeletal muscles—satisfy their energy requirements by metabolising lactate while reducing glucose oxidation at the same time. Lactate transporters and metabolic processes are of central significance in this context and can apparently be positively influenced by exercise.


General anaerobic dynamic endurance is also called speed endurance. If the resistances overcome are greater, one speaks of strength endurance, which is also a form of general anaerobic dynamic endurance. Factors which limit performance are:


•dynamic strength of muscles used,


•coordination,


•contraction velocity,


•muscle viscosity,


•anthropometric characteristics,


•flexibility, and


•the ability to release a large amount of energy per unit of time and to maintain a high level of performance despite a large oxygen debt (motivation).


Girls achieve their maximum oxygen uptake/min by the age of 16 on average, while boys typically achieve it by the age of 19. The same applies to maximum respiratory minute volume in the range of maximum oxygen uptake. Vital capacity and maximal breathing capacity as an expression of the maximum ventilatory capacity of the lungs may reach maximum values in girls by the age of 13 and in boys by the age of 18. Thus, maximum lung capacity is achieved earlier than maximum cardiovascular capacity in both males and females. The growth of the heart occurs strictly parallel to an increase in maximum oxygen uptake. Heart volume per kg body weight ratio remains constant from childhood to old age, which is a sign of the fundamentally harmonious development of the heart size and body weight. At given submaximal exercise levels, the pulse rate decreases in the course of childhood and adolescence (which is an expression of the higher stroke volume and thus of sufficient cardiac output during physical work), while systolic blood pressure rises. It can be proven that there is a strictly harmonious enlargement of all cardiac sections in connection with the development of the whole organism. It is remarkable that in so-called accelerated as well as in adolescents behind in physical development, there is always a harmonious growth of organic performance, organ dimensions, and the skeletal system. Basically, accelerated boys and girls exhibit a better performance capacity and load tolerance with respect to endurance than normally developed and boys and girls behind in physical development.






DISCOURSE V: IMPORTANT CONCEPTS FOR UNDERSTANDING ENDURANCE PERFORMANCE CAPACITY


Aerobic-anaerobic threshold


Highest load level or highest oxygen (O2) uptake value/min, which can be achieved without disproportionate increase in arterial lactate concentration and respiratory minute volume in relation to the level of work; the better the aerobic dynamic performance capacity, the later the onset of the disproportionate increase of respiratory minute volume and arterial lactate concentration.


Arteriovenous oxygen difference


Difference in O2 content of the blood in the pulmonary artery (= mixed venous blood) and in arterial blood; the increase of the arterio-venous O2 difference attained by endurance training enables a correspondingly higher O2 uptake in the lungs.


Maximal breathing capacity


Maximum amount of air that can be inhaled and exhaled through a voluntary increase in respiration within a minute; trained endurance athletes may exceed the values of untrained people by 100%; maximal breathing capacity can be used for making a statement about maximum ventilatory capacity.


Respiratory minute volume


Product of tidal volume and respiratory rate; the better the endurance training state, the lower the respiratory minute volume at given submaximal levels of exercise.


Respiratory equivalent


Respiratory minute volume in ml/min, divided by O2 uptake in ml/min during the same minute; indicator of breathing economy; the lower the value, the better the economy; the better the endurance training state, the later and lower the incremental value of the respiratory equivalent; with increasing exercise intensity, the tendency of the rising leg of the respiratory equivalent is generally identical with that of respiratory minute volume, arterial lactate concentration and—in the opposite direction—arterial pH value.


Glycogen


High-molecular intracellular storage form of glucose; the glycogen content in muscle is a co-determinant of endurance performance capacity and fatigue; carbohydrate diet leads to a rapid replenishment of glycogen.


Cardiac output


Amount of blood which is conveyed by the heart per unit of time, expressed in l/min.




Capillarisation


Functional opening and expansion of existing capillaries; enlargement of the capillary bed, associated with a slowing of blood flow velocity and thus more economic utilisation of available O2.


Maximum oxygen uptake


Largest amount of O2 that can be absorbed by the entire body per minute during dynamic work using muscle groups as large as possible; even an additional increase in exercise intensity does not lead to a further change of the value—the athlete has reached the levelling-off phenomenon; relative maximum O2 uptake is the maximum amount of O2 absorbed per kg body weight.


Mitochondria


Cell organelle made up of a highly folded outer and an inner membrane which is responsible for the molecular organisation of the conversion of ADP to ATP; aerobic metabolic processes take place inside the mitochondria, whereas anaerobic processes occur outside the mitochondria; endurance training leads to an increase in mitochondrial surface and volume.


Myoglobin


Related to haemoglobin as an O2 carrier, but located inside the plasma of the muscle cell; carries oxygen from the cell membrane to the mitochondrion.


Respiratory Quotient (RQ)


Indicator of the ratio of the volume of carbon dioxide (CO2) eliminated (VCO2) to the volume of oxygen (O2) consumed (VO2); RQ = CO2 output (l/min)/O2 consumption (l/min); the exclusive metabolism of fatty acids results in an RQ of 0.70, with protein metabolism the RQ is 0.81, and when only carbohydrates (e.g., glucose) are metabolised the RQ is 1.00.


Vital capacity


Consists of tidal volume, inspiratory reserve volume, and expiratory reserve volume; total volume of exchangeable air; endurance training may lead to an increase in vital capacity by 15–30%.







Then, until about the age of 30, maximum oxygen uptake/min is consistent before it starts to decline due to aging. In the third decade of life, the difference in the magnitude of the cardiopulmonary performance is about 30% between the sexes. With increasing age, the differences between men and women are getting smaller. Sex differences in terms of maximum aerobic performance in the third decade of life also become smaller when calculating the relative maximum oxygen uptake (i.e., per kilogram of body weight). In men, the physiological standard value of relative maximum oxygen uptake from childhood to old age appears to be in a range between 40 and 55 ml/kg/min. This requires the maintenance of a normal body weight and an average state of performance capacity. The corresponding values for women in the third decade of life are 32 to 38 ml/kg/min. If maximum oxygen uptake per kilogram is related to fat-free body weight, there are only small differences between normal male and female subjects. On average, the values for men are 46–49 ml/kg/min and 44–48 ml/kg/min for women. Top female athletes can have maximum oxygen uptake values between 5000 and 5500 ml/min, while top male athletes can achieve values up to 7000 ml/min. The associated relative oxygen uptake values amount to 80–85 ml/kg/min in men and to 60–75 ml/kg/min in women.


In terms of the aerobic-anaerobic threshold, the age-related decline in maximum cardiopulmonary performance capacity occurs slower than the decline of maximum oxygen uptake. Within the energy-supplying elements of the muscle cell, women have a greater percentage of lipid droplets than men, possibly associated with a greater activity of some enzymes of lipid metabolism. Women are apparently particularly suited for endurance exercise. Fat metabolism can be better mobilised and thus the glycogen store be spared.




However, mitochondrial volume is about 20% lower than in comparable men. The absolute lower aerobic endurance capacity of women is caused by their lower heart rate, total haemoglobin, and blood volume. There are close correlations between body weight on the one hand and other above-mentioned parameters on the other hand. Regardless, there is a sex-related difference of the haemoglobin concentration in the blood (13.8 g/dl in women versus 15.6 g/ dl in men). The lower haemoglobin levels of women are partly due to a combination of menstrual-related blood loss, lower blood levels of androgenic steroids, and possibly dietary restrictions. For every litre of blood pumped by the heart, approximately 13% more oxygen can be transported to the working muscles in men’s bodies than in women’s. Finally, the size of the arterial cross-section is smaller in women than in men and may also limit performance.


The development of maximum lactate formation is largely parallel in both sexes from 6 to 18 years of age. In later life, the maximum lactate concentrations in the blood, which vary from sport to sport, are largely independent of sex. Both in women and in men, there is a strictly linear relationship between the production of lactic acid and pH-value. Women do not seem to be able to exploit intramuscular glycogen reserves as completely as men. Here, however, differences in the amount of carbohydrates taken in and in the timing of the intake might be of significance. As already mentioned, the capacity of fat metabolism is better in women. At a given submaximal exercise level, women have a lower respiratory quotient. However, this finding does not apply at high exercise intensities. During physical work, women also catabolise less protein than men. The most striking sex differences can be found in the behaviour of hormones. Oestrogens have a profound influence on metabolic activity, both at rest and during physical work. They promote subcutaneous fat deposition (subcutaneous fat tissue) and stimulate gluconeogenesis, whereby glucose tolerance is enhanced, and increase the lipolysis in fat cells, which is stimulated by catecholamines. Due to their greater subcutaneous fat layer, women are at an advantage compared to men in cold conditions. The same applies to running exercise in cold and wet conditions. However, this advantage is partially reduced by their greater body surface area/body mass ratio and lower heat production capacity. In hot environments, women are therefore at a disadvantage. Men also tend to have greater sweat production than women. In terms of percentage, training-induced improvements in performance are identical in women and men. This is true for both heart dimensions and cardiac function (stroke volume), maximum achievable arteriovenous O2 difference, and an increase in the number of capillaries in trained muscles.






DISCOURSE VI: ATHLETE’S HEART


Endurance training causes functional and structural cardiac adaptations. The so-called athlete’s heart is an enlarged, although healthy heart of a performance or high-performance endurance athlete. The normal heart size of a man is 750–800 ml, while endurance athletes exhibit sizes of 900–1700 ml. The heart of women, which is 200 ml smaller on average, can also be enlarged by about 100% due to endurance sports. The cardiac enlargement is mainly due to an expansion of the cavities of the heart, and to a lesser extent to an increase in the wall thickness of the left ventricle in particular (about 30%). Characteristic of an athlete’s heart is low resting heart rates, possibly even with values between 28–35 beats/min. Because of individual variations, however, one cannot draw conclusions about the endurance capacity from the resting heart rate. However, athletes with the highest maximum oxygen uptake/min values also have the largest athlete’s hearts. Whereas during exercise the average heart of a man pumps a maximum of about 20 l/min, the athlete’s heart achieves an output of 40–45 l/min. The physiological significance of cardiac hypertrophy is to maintain increased heart work for a long time without exerting the heart muscle to the limit of its capacity. A negative aspect of the large athlete’s heart is the fact that a twofold increase in the diameter of the muscle fibre leads to an eightfold increase in volume, whereas the oxygen tension decreases with the square of the distance. But the findings obtained both at rest and at the limits of performance clearly show that this negative factor for O2 supply is more than offset by a variety of favourable aspects. However, it seems that only athletes who are genetically preferred in this respect are capable of developing larger than average hearts through appropriate training. After the termination of a sports career, an athlete’s heart regresses although there are big individual differences. Therefore, an athlete’s heart does not constitute a health hazard.









2ADAPTATION AND PERFORMANCE CAPACITY


2.1TRAINING AND LOAD ORGANISATION


As early as 1895, Roux wrote that individual functional changes have a specific effect on organic form. This is the basis of adapting organisms to changing environmental conditions – a prerequisite for survival. Specific stimuli always lead to specific adaptations. This specificity of reaction and adaptation is also the basis of physical training. It extends from the macroscopic to the intracellular and ultrastructural area.


Training is commonly defined as the sum of all steps leading to a systematic increase or the maintenance of physical fitness. This includes not only the related muscular stresses, but also nutrition and the entire way of life. More precisely, Hollmann (Hollmann & Strüder, 2009) defines training as a systematic repetition of target-oriented, above-threshold muscle tensions resulting in morphological and functional adaptations for the purpose of performance enhancement. This definition refers to muscular stress itself. Training must take into account individual performance and motivation. These two factors together largely determine performance capacity. Performance capacity itself is a cumulative value, which is composed of individual variables such as physical abilities, specific intelligence, technical and tactical ability, and individual experience. Performance readiness is based on exogenous and endogenous factors, such as motivation.


There is a relationship between the quantity and quality of training and the quantity and quality of its impact. Exceeding a critical threshold and thus a sufficiently high load intensity per unit of time is a prerequisite. A load is primarily characterised by loading intensity and loading volume. The duration and the frequency of loading as well as the rest intervals between the loading intervals are secondary characteristics. However, the threshold of the training stimulus not only depends on intensity, duration, and the number of repetitions, but also on the individual athlete’s state of performance. The relations between stress and adaptation have already been mentioned. Below, important principles of load organisation will be presented.


PRINCIPLE OF THE RELATIONSHIP BETWEEN STRESS AND RECOVERY


Stress and recovery (regeneration) must correspond to each other. High loads require long recovery periods and vice versa.




PRINCIPLE OF EFFECTIVE TRAINING STIMULUS


Below-threshold stimuli result in negative adaptation (atrophy); neutral stimuli do not result in a change; above-threshold stimuli result in positive adaptation (hypertrophy); and extremely above-threshold stimuli may result in overstraining and injury. Since (high-)performance athletes operate at the limit of their maximum capacity, it is particularly difficult to achieve adequate above-threshold stimuli.


PRINCIPLE OF CONTINUOUS LOADING


Rest intervals that are too long between loads (e.g., due to irregular training) are synonymous with prolonged periods of below-threshold stimuli. The resulting negative adaptation again destroys the positive adaptation to training and should therefore be avoided. Long-term and continuous training results in a slower decrease in performance during training breaks (see figure 7).


PRINCIPLE OF INCREASING LOADING


If performance is increased by means of above-threshold stimuli and positive adaptation, the stimuli must also be increased to remain above the threshold. An increase in loading can be achieved through intensity or volume. For young athletes, the increase in loading should first occur by means of the volume. Nevertheless, technically correct and intensive loads (which are adjusted to the stage of growth) are possible and necessary even in children’s athletics when performing training which is aimed at speed, reactive strength, and coordination.


PRINCIPLE OF VARYING LOAD


Similar training contents also lead to similar adjustments. However, the factors which determine performance and the development of the (athletics) competition performance through training are very complex. Avoiding monotony in training with constant variation of the game, exercise, and training forms are therefore of great importance to develop versatile athletes.
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Figure 7: Effect of training frequency and the long-term nature of training on muscle strength and a decrease in muscle strength after the end of training. A daily training session for 30 weeks results in a greater increase in muscle strength than one training session per week over 45 weeks. However, in the first example, strength decreases at the end of training much faster than with continuous training over an extended period.







PRINCIPLE OF INDIVIDUALISED AND TARGET-ORIENTED LOADING


Loads must be adapted to the current physical and mental fitness and load tolerance of the individual athlete, and therefore also to his/her age and objectives. Loads must also correspond to the factors which determine performance in the target discipline and the emphasis placed on them.


PRINCIPLE OF THE PLANNED DEVELOPMENT OF FORM


Various individual aspects of training can influence one another. For example, endurance training can improve regeneration ability. However, in respect to speed and reactive-strength disciplines, endurance training can also have a negative effect on muscle fibre structure. Therefore, athletes cannot maintain their personal best shape all year round. The purpose of the training plan is to control the development of form so that top form is achieved during peak competition in the season. Therefore, long before the peak competition, more general, versatile, non-specific, and volume-oriented training contents should be included. The last is especially true for lower levels of performance. Then, close to major competition, there is an increase in the proportion of special, specific, and intensity-oriented contents. This is also expressed in the classic maxims for training planning:


•from general to specific (from nonspecific to specific);


•from volume to intensity (from easy [weight] to heavy [weight]).


PRINCIPLE OF PROPER LOADING SEQUENCE


If training contents are addressed in one or consecutive training sessions in terms of various aspects of the major types of motor stress, the order of training stimuli must be taken into consideration. In the majority of cases, the following sequence is most suitable:


1.coordination or technique training, speed training, reactive-strength training, or strength training focusing on intramuscular coordination,


2.strength training to achieve hypertrophy or eccentric strength training,


3.anaerobic (strength- or speed-)endurance training,


4.aerobic endurance training, and


5.flexibility training.


However, in respect to certain objectives— especially in connection with utilisation (see chapter I–5.5)—athletes and coaches often deviate from this sequence.




2.2SUPER-COMPENSATION AND OVERSTRAINING


In classical training theory, based on Yakovlev (1977) and Harre (1970), it is assumed that improving athletic performance is the result of the interaction of the following three steps: stress, recovery (compensation), and super-compensation. Figures 8a–c illustrate this idea in more detail.


However, the various recovery times for different biological sub-systems should be noted. While acidosis due to lactacid exercise is again reduced after a few minutes or hours, and depleted energy stores are replenished after adequate food supply after one to two days, the full restoration of structural proteins (e.g., actin, myosin) or cell organelles (e.g., mitochondria) may take several days to weeks. In addition, there are intra- and inter-individual temporal variations. Finding the optimal length of rest intervals for achieving an increase in performance capacity is therefore extremely difficult.


The principle of super-compensation, originally based on observations of glycogen concentration in the muscle cell, falsely implies the possibility of an infinite and/or linear increase in performance. Mader (1990) therefore introduced a biological and mathematical model as an alternative to the super-compensation theory (see figure 9). This theory of active stress adaptation and regulation of protein synthesis at the cellular level extends Roux’s original principle of the organic form being a result of function.


Proteins are the building blocks of all organic structures. Their specific composition is encoded in the genes of every living being depending on the respective tasks. As with all organs, increased wear and degradation of structural proteins is also the result of functional muscle overload. It is believed that relatively short-lived protein-specific fragments are created in the process of the degradation of the old proteins, which activate the transcription rate of the respective gene. The transcription rate of the gene is defined as the frequency of how often a gene code is read for the production of a new protein. According to Mader, it is destruction by stress which indirectly causes increased formation of structural proteins. Up to a certain genetically limited maximum performance capacity (maximum functional capacity) the organism responds to a load with positive adaptation. This is applicable provided that the stimulus is high enough (higher than the athlete’s current functional capacity) but not too high (loaded functional capacity <15%). This means that there is an increase in transcription rate, a positive relationship between protein formation and degradation, thus an increase in protein mass (hypertrophy), and as a result, an increase in performance capacity. However, this only works to a certain extent. If more than approximately 15% of the structures are destroyed through stress and protein formation can no longer compensate for protein degradation, the body reacts to rising loads with negative adaptation from that point on (i.e., with decreased performance). It is understandable that the recognisable symptoms are different depending on the structure loaded. The decisive factor is the realisation that stress should be optimal instead of maximal. In performance sport, current performance capacity (average functional capacity) comes closer and closer to individual maximum capacity (maximum functional capacity). However, this also results in a reduction of the area in which hypertrophy can occur—and, of course, the danger of overloading is correspondingly greater.
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Figure 8a: Principle of super-compensation; b: Possible tendencies and reasons for development; c: Principle of increasing fatigue (modified on the basis of Blum & Friedmann, 1997).
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Figure 9: Simulated connection between exercise-induced protein consumption and functional capacity (protein mass; modified on the basis of Mader, 2002). The interrupted blue line illustrates the increase in performance capacity (functional capacity) which is expected by coaches and/or athletes who apply extremely above-threshold stimuli.





2.3OVERTRAINING SYNDROME


Overtraining syndrome refers to the ongoing decline of sport-specific performance (despite carrying out systematic training), combined with anomalous symptoms of subjective and objective nature (reviewed in Hollmann & Strüder, 2009; Hollmann et al., 2007). The occurrence of overtraining results from an incompatibility between psycho-physical stress on the one hand and ability to regenerate on the other. Many symptoms of overtraining were described many decades ago. Major symptoms of overtraining are decline in performance, depression, loss of motivation, insomnia, loss of appetite, weight loss, irritability, impaired coordination, increased oxygen consumption and increased respiratory minute volume at given submaximal exercise levels, cardiac arrhythmias, rapid onset of fatigue, chronic fatigue and complaints about heavy legs, and increased susceptibility to infections and injuries. Due to the various diagnostic findings, a differentiation in basedowide overtraining (primarily excitation processes) and addisonoid overtraining (primarily inhibition processes) has been proposed. The sympathicotonic form of overtraining is more often found in speed and strength athletes, whereas the parasympathicotonic reaction is assumed to be typical of endurance athletes. Especially during the past two decades, numerous authors have dealt with the relationship between overtraining and hormonal changes. In this respect, malfunctions of the hormones ACTH, cortisol, and testosterone hormones, for example, have been described. Dysregulations in the interaction between building and degrading processes have been observed.


However, the variety of symptoms associated with overtraining syndrome can only be explained as a functional disturbance in the brain as the central governing body of the entire human organism. Accordingly, it is believed that central neurotransmitters (chemical messengers in the nervous system) may play a crucial role in the process.


Serotonin, dopamine, noradrenalin, and glutamate are, like endogenous opioid peptides, centrally regulating substances. A strong imbalance in the serotonergic neurotransmitter system may trigger depression, even suicide. Neurones using serotonin as neurotransmitter are located both in the medulla oblongata as well as in the raphe nuclei and in the pons. There are connections to the cortex, the limbic system, hippocampus, and hypothalamus up to the dorsal root ganglia in the periphery of the body. It is conceivable that the overtraining symptoms mentioned are associated with disorders in this serotonergic system. The excitability of motor neurones is increased by descending serotonin neurones, with corresponding effects on monosynaptic reflexes including a decrease in the excitability of polysynaptic reflexes. Serotonin may also influence the secretion of numerous hormones. Furthermore, sympathetic afferent cardiac nerves are stimulated by serotonin, while the vasoconstrictor effect of noradrenalin is reduced in peripheral vessels. The results of these reactions frequently correspond to overtraining symptoms.


In over-trained athletes, the main cause of this imbalance in the serotonergic system is probably not the exercise-induced increase in serotonergic activity during training and competition. Rather, the great flood of serotonergic signals is based on the additional enhancement of serotonergic activity caused by the raphe nuclei, the actual pacemakers of the serotonergic system. In overtrained athletes, the raphe nuclei are characterised by a stress setting triggered by other cortical structures, leading to excessive activation of the serotonergic system. This does not need to be physical stress but may also be psychosocial stress (family problems, experience of failure in other areas, etc.). This then leads to an excessive serotonergic impulse, which is exacerbated further by a usual increase in serotonin release during physical stress. This serotonergic disturbance always impairs the function of other neurotransmitters and neuropeptide systems. In affected athletes—especially when associated with pathological leanness (anorexia) in women—this can even take life-threatening forms. It is clear how important it is to take a holistic view of athletes including all biological, psychological, and social factors.


A regular examination of the psychological well-being of athletes who have an open mind to corresponding methods may be a simple but very useful method for early detection of overtraining syndrome.


2.4HIERARCHY AND BRAIN PLASTICITY


The brain is characterised by a hierarchical structure. In the spinal cord, groups of motor neurones represent movements of the muscles; in the primary motor cortex, movement directions are encoded, regardless of which muscles perform the respective movement. Finally, in the pre-motor cortex, complete actions instead of individual movements are represented in such a way that they are encoded in a coordinate system in terms of an objective. Activity can be located in the pre-motor cortex when new motor tasks are learned, however, this activity is reduced during the learning process. The highest level of hierarchy is ultimately represented by the pre-frontal cortex. This is used when a time delay is bridged between a stimulus and an associated response. During this process, there are close connections between the pre-frontal area and the entire postcentral cortex. They run in both directions. Interneurones are by far the greatest number of all nerve cells in the brain. They establish connections within the brain so that an afferent signal is divided into diverse branches leading to many nerve cells, before a motor response is triggered. This interneural network has a crucial influence on the result (see chapter I–1.1).


An image of the muscles in the cortex (somatotopy) displays a high structural variability (plasticity) and can be changed in a very short time through practice and training on the one hand and lack of exercise and injuries on the other. This is due to changes in the synapses. More specifically, changes occur with respect to the neurotransmitters released there and, in particular, the receptors to which the neurotransmitters attach. The somatotopic organisation of the cortex can be constantly varied according to this. This plasticity remains throughout life Continuously, new connections are formed between nerve cells; new nerve cells are activated, while old connections disappear. The quality and quantity of the respective brain activity is critical to this process. Since each sensory signal reaching the cortex is divided into diverse branches across the interneurones before a motor response is given, the quality of this neural network is more important than the sensory input for the later result.


At the point of contact between two nerve cells, the spine (dendritic spinous process) may change morphologically within minutes to hours and may even split in several spines. At the same time, dendrites and axons may grow, and the formation of new blood vessels (angiogenesis) is promoted. The eventual results are macroscopic reorganisations ranging up to the centimetres. Reduced muscular stress results in reduced activation of the relevant cortical representation area. Then, the affected area is soon involved in the information processing occurring in adjacent areas. It is believed that overstrain, which is caused in particular by exercise monotony, can induce expansions of cortical brain areas. This initially results in positive effective adaptation, but later trigger negative biochemical reactions as a result of structural overlays. This applies especially to the functions of the pre-frontal cortex.


In summary, it should be noted that structural and biochemical adaptations to physical training extend up into the controlling regions of the brain.


2.5THE BRAIN AS A FACTOR LIMITING PERFORMANCE


The brain is the command centre for the quality, quantity, and intensity of physical stress. Functions such as the development of intentions, steering, execution, and control of muscle movements are the primary tasks of the frontal lobe. The front part of the cortex is the pre-frontal cortex, which is also referred to as the seat of the executive branch, since it is interconnected with many other brain regions. It is the only neocortical region that communicates directly with the hypothalamus, responsible for the hormonal control of the organism. All sensory and motor modalities are integrated in the pre-frontal cortex. Moreover, close links to the basal ganglia exist.


After having resolved to perform a motor task, the command runs from the motor cortex through the pyramidal tract to selected neurones, which depolarise the motor endplates, trigger the muscle action potential and release calcium (see also discourse III). As already mentioned, cross-bridges then form and the myofibrils are shortened. The magnitude of the central impulse grows parallel to the force exerted. However, it will also increase if the reaction of the motor neurones or muscle cells subsides due to fatigue. In a fresh muscle, maximum central command intensity may activate motor units by 100 percent. Central and peripheral fatigue factors may decrease the muscular response. This process is triggered by reflexes via the dorsal root ganglion and by receptor stimulation in the muscles. Stimulation of tendon organs and free nerve endings in the muscles reduces the response of the motor neurones. An increase in potassium and hydrogen ion concentrations in the interstitial fluid (tissue fluid outside the cells) as well as an increase in body temperature hinder the reflexes of the motor neurones. Finally, the excitation-contraction coupling is disabled to the extent that an increase in intracellular inorganic phosphor in particular causes muscle fatigue due to the obstruction of bridge formation. The reduction of intracellular potassium and also an increase in extracellular potassium decrease the charging of the membrane and thus muscle action potentials (see figure 10 in chapter 3).


For decades, the concept of motivation has been mentioned as a factor that limits physical and sporting performance. Motivation is defined as the intensity of the drive to perform a particular task. As early as the beginning 1960s, one observed the performance-limiting role of the brain for the development of static strength. At this time, however, it was scientifically very controversial to research the extent in which the will is linked to biochemical and biophysical processes in the brain. Based on scientific progress during the past two decades, it can be assumed that the will is the expression of structural, biochemical, and biophysical conditions in certain regions of the brain. Ultimately the will determines the maximum number of motor units activated within a muscle and the firing rate at which this occurs. Intramuscular biochemical metabolic processes have a modifying effect on the will. Therefore, leading brain researchers now assume that there is a central governor (i.e., a brain region which receives all the inputs and outputs from the body and integrates the modes of behaviour based on this). Previous ideas about the limitations of performance by the cardiovascular system and muscular metabolism are therefore no longer pursued and attention now focuses more on the brain and its role of limiting performance. One can even assume that vital organs such as the heart and the brain itself send sensory signals to the pre-frontal cortex, among other areas, which through the central governor in the pre-frontal cortex trigger a protective response in terms of no longer being able to continue the physical activity (see table 2).






Table 2: Relationships between physiological systems and functions, taking into account the exercise intensity perceived (according to Hollmann et al., 2008). PFC = pre-frontal cortex, ADP = adenosine diphosphate, ATP = adenosine triphosphate, FFA = free fatty acids.








	System

	Function

	Perception






	Brain (PFC)

	PFC command

	Exertion






	CNS

	Excitement – Contraction (Na+ – K+)

	Weak






	Skeletal muscle

	Cross-bridge formation (Ca2+)
Energy development (ATP — ADP)

	Exertion






	Metabolism

	Glycogen + ADP → ATP + Laktat + H+
Glycogen + ADP + O2 → ATP + CO2
FFA + ADP + O2 → ATP + CO2


	 






	

Cardiovascular system


Lungs
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	Fatigue
















3TRAINING CONTROL


Training control (as an element of coaching) includes all steps which change (athletic) performance. This includes an analysis of the current situation and the target situation (diagnostics), setting goals and training planning, and corrective intervention in training execution, as well as training documentation. Although the terminology and the wording in the following chapters often imply control by a coach, in practice it is also the athlete who often intervenes in training through corrective steps.


3.1TARGET ANALYSIS


3.1.1AGE OR TRAINING LEVELS AND SCHOOL SPORTS


Training control starts with target analysis (i.e., with the question: “What should my athlete be able to achieve at the present and in the future?”). The answer to this question will differ depending on the athlete’s age and level of training. Although in the following, age and training levels are sometimes used interchangeably, a 16-year-old newcomer, for example, should of course first begin with basic training.


CHILDREN’S ATHLETICS


Regular training usually begins with children’s athletics. The term is not only a designation of age, but also a synonym for the term playful athletics. It expresses a certain orientation of training which has been used increasingly in everyday training since the beginning of the 1990s. Given the fact that at that time more and more children opted for team or trendy or fun sports, it was critically questioned whether children under 10 years of age (see table 3) should already learn specific athletics techniques, or whether there was more attractive and child-oriented content for this age group. Starting with this question, many games and playful training forms have been developed to practice the core elements of athletics, such as jumping, sprinting, throwing, etc., which focus on coordination, versatility, and fun. In this respect, many expensive (e.g., Aero howlers) or simple, creatively re-purposed motivational training devices (e.g., tennis ball with fluttering ribbons) were developed. Moreover, numerous alternative competition exercises and programmes, mostly designed as team rather than individual competition exercises, were designed. The IAAF and the German Athletics Association (DLV) have presented these competition programmes under the umbrella of Kids’ Athletics and Fun in Athletics and are also part of the new concept of the German Federal Youth Games (see chapter II-4.1.7). Children’s athletics training should ideally begin before school age. Initially, this training is versatile, consisting of athletics, gymnastics, and playful elements in virtually equal amounts. Basic training starts approximately at the time of transition into the U14 age category.


BASIC TRAINING


In contrast to children’s athletics, basic training is characterised by a slow increase in the amount of training; in addition to playful exercises, classic exercise sequences are used. This is especially true for the development of the various techniques of as many athletics disciplines as possible. Basic training is versatile and thus geared more toward combined events. However, strength, speed, and endurance are also developed by means of age-appropriate forms of games and exercises. The first emphasis should be established relatively early on (i.e., at the transition to the U16 age category). First, one training session in the respective athlete’s special discipline (possibly with a specialist coach) is added to the combined-event-oriented training sessions. Instead of a special discipline, such as pole vault, hammer throw, or walking, this may also involve a special block such as sprinting, jumping, throwing, or middle- and long-distance running. Over the years, the number of special sessions is then increased until final specialisation takes place at the end of youth. Within this period (i.e., around the time of transition to the U18 age category), athletes start with build-up training.




Table 3: Official age categories in the German Athletics Association (DLV). The transition from one age category to the next takes place at the beginning of each new year. For example, this means that for the entire year in which the adolescent turns 14 years of age, he/she belongs to the w14 or m14 category and thus at the same time to the U16 category. The designation “–” indicates common rating, while “/” represents separate rating. Up to the U16 category, the two cohorts are combined only for relays and team competitions.
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BUILD-UP TRAINING


Build-up training is characterised by an increase in specialisation. This coincides with the introduction of more specific training methods and contents. Extending the total amount of training is also based on the greater volume of basic strength and endurance training. The fact that the term basic is still used here indicates that some very special content is still reserved for (high-)performance training. Only at the approximate time of entering the junior age category will the transition to performance training take place.


(HIGH-)PERFORMANCE TRAINING


The term performance training may seem surprising at first, since even in the younger age categories the objective is to increase physical performance capacity. The difference is that during performance training the objective is actually the maximisation of performance by taking advantage of all available training methods and contents. In contrast, at all previous stages some methods and contents are always held back to first fully exploit adaptation to versatile and general or basic training stimuli. This means that at these stages and under these conditions, performance is only optimised, not maximised. Highperformance training is characterised by a very high-performance capacity, which is identical with international or at least national top-level performances. It is also characterised by an immense training volume and by stagnating or only slightly increasing performances. This usually goes hand in hand with at least partial professionalisation, which is a prerequisite for such extensive training.


In this respect, coaches and athletes in particular should also reflect on whether they want to carry out performance sport in which only measurable performance and its usefulness count, or whether they want to establish themselves in sport especially by performance-oriented sportsmanlike thinking and behaviour. Performance-oriented sportsmanlike thinking and behaviour is characterised as follows:


•Sport is the highest priority in life in addition to school, education, studies, or job.


•Like school, education, studies, and job, performance-oriented sport is based on the principle of achievement. This involves exertion, asceticism, often lack of understanding by others, and the postponement of a reward, which is not guaranteed in any case.


»Exertion: Every competitive athlete should enjoy testing and expanding his/her (physical and mental) performance limits.


»Asceticism: In order to have enough time and energy for training and recovery, athletes must forgo other activities.


»Lack of understanding by others: Exertion and asceticism may appear an unnecessary self-limitation to some friends and relatives.


»Postponement of a reward, which is not guaranteed in any case: “Hard work guarantees you nothing, but without it you will not accomplish anything” is a statement by basketball coaching legend Chuck Daly. An athlete is personally responsible for ensuring that he/ she performs this hard work on the long road to the goal. • Increasing one’s own best performance, pride in what has been accomplished, the feeling of physical fitness, the fun of training and competing with others, and motivating oneself to give everything, recognition by friends who also believe in performance, and lessons for one’s personal and professional life are good objectives and rewards. In contrast, placement in competitions, positions on the top ranking lists, public recognition, and money are significantly less suitable motivators. They depend on many external factors and are only of secondary importance. They should never be the main motivators for performance-oriented athletics because an athlete cannot influence the performance of his/her opponents (along with many other factors).


Such performance-oriented thinking and behaviour is independent of one’s actual performance capacity. Moreover, it should be developed during the stages of training prior to performance training.


SCHOOL AND RECREATIONAL SPORTS


The training stages presented so far are part of a performance-oriented career in athletics. In practice, however, recreational and performance sport are neither separated in children’s athletics nor in basic training. This applies even to some build-up training groups. This means that recreational and fitness-oriented athletes often train in performance-oriented training groups. Unlike performance athletes, recreational athletes perform athletics for rather self-indulgent reasons (i.e., for fun). In addition to improving their health, fitness athletes are also interested in enhancing their physical performance capacity. However, they do not want to maximise their performance. Particularly in the adult and senior category, there should be special athletics training groups for each target group.


At the same time, school sport is a fundamental part of (motor) education and an important provider of club sports. Depending on the curriculum, school sport should be designed in such a way that the following six educational principles are taken into consideration. The main criteria are (see MSW NRW, 2001, pp 34–39)


•to improve one’s perception capability and to enhance one’s motor experience;


•to express oneself physically and to deal with movement creatively;


•to risk doing something and to accept responsibility;


•to experience, understand, and evaluate achievement;


•to cooperate, compete, and communicate; and


•to promote fitness and to develop health awareness.


These educational principles can also be taken into consideration in club sports, although in performance-oriented sports the focus is on experiencing, understanding, and evaluating achievement. However, in school sports, the six factors should be regarded as being equally important.




DISCOURSE VII: THE CONCEPT OF TALENT


In retrospect, evaluation is simple: Athletes who are successful as adults or on a high-performance level were talented as children or adolescents, and the support they received was correct or at least adequate. But how do you discover which young athlete is talented and deserves special attention? Talent is usually understood as a snapshot (i.e., it does not only mean a genetic predisposition, but also the present state of development which is geared toward an objective (here peak athletic performance) and the related development potential). In addition to hereditary factors, an athlete’s past experience also plays a role (e.g., in sports or society). In terms of statistics, one only speaks of a talented athlete if the state and potential of development show an extreme (positive) deviation from the mean value of the population. However, the prognosis of future development on the basis of previous development is difficult in many respects.


In terms of talent selection, the phenomena of acceleration and retardation are major problems. In some children, physical development occurs earlier, whereas in others it occurs later. Whether a present lower physical performance capacity indicates a generally lower development potential or only a temporarily retarded physical development can hardly be reliably diagnosed. Many tests used for talent selection prefer accelerated individuals, although some individuals are later surpassed by athletes, who at the time of the test were behind in physical development and only showed a mediocre performance capacity. Therefore, a talented athlete is often understood as someone with superior coordination skills and good motor-learning ability. However, ultimately, outstanding coordination alone without proper strength, speed, or endurance skills does not help to win (athletics) competitions. Generally, the range of talent criteria includes more than the major types of motor stress. First, mental skills such as motivation and willingness to perform as well as load tolerance in terms of injury resistance should be mentioned in this respect. At a young age, load tolerance in particular is even more difficult to predict than the development of motor performance capacity. However, some talent criteria (such as anticipated growth) should be qualified in respect to their significance. These talent criteria were often considered in the past due to the fact that they can be identified with relative ease.


In this respect, the movement from the system in the former German Democratic Republic (GDR) to the current heterogeneous screening system, which according to some German experts is seen as a step backward, is probably also an expression of the impossibility of the reliable talent diagnosis described above. The greatest advantage of the screening and promotion system used in the former GDR was most likely its comprehensive nature and the fact that it helped sport to play a very important role in both school and society. If a large number of children receive special training, some of them will certainly be able to withstand extreme training loads. These children then deserve to be classified as special talents. However, even in the former GDR system, some athletes were not identified as talented during childhood and only managed to reach their designated sport by chance or because of their perseverance. The more liberal (Western) system probably places greater emphasis on the athlete’s personal interests which are ultimately crucial for motivation and hence success in sports.


An optimal and, for the most part, consistent approach to talent identification and promotion does not currently exist. In most cases, promotion and squad nomination depend on an athlete’s actual competition performance. Even at a young age, top athletes always achieve perhaps not the best, but relatively good performances, and with increasing age the competition performance becomes a more reliable talent criterion. In the lower age categories in particular, this means that proper training for all children interested in athletics must be provided so that children behind in physical development will also be supported. Afterwards, the objective must be that promotion is based on a large pool of athletes to select from. In this respect, it is unavoidable that not every supposed talent reaches the top level. All children who could potentially have talent should receive optimal support in terms of general conditions and high-quality training.







3.1.2FACTORS WHICH DETERMINE PERFORMANCE


General aspects have already been dealt with in the discussion on the major types of motor stress (see chapter I–1). Moreover, the respective factors determining performance in different disciplines will be covered in the second part of this book. Therefore, in the following, only the fundamentals of movement technique will be addressed.


Answers to the question about the expected skill level raised in the process of target analysis, primarily depend on the particular discipline. Different disciplines have different factors which determine performance and very different requirement profiles. For example, in the 100m sprint, performance is determined by the technique of toe push-off sprinting and grasping/pulling sprinting, by maximum strength, speed strength or reactive strength (especially of the legs), reaction speed as well as acyclic and cyclic speed, and anaerobic endurance. Moreover, the factors which determine performance must be assessed in terms of their importance. The technique of grasping/pulling sprinting, reactive power, and cyclic speed are more important for the 100m performance than reaction speed and anaerobic endurance.


Generally, the purpose of optimal technique in performance sport is to enable the optimal working of all elements involved in terms of physiology, biomechanics, and functional anatomy. However, when teaching technique, coaches should always consider that the different physiques of various athletes always allow for, or even require, individual variations of technique. The objective is not the imitation of world-best athletes, but to move within a standard range of biomechanically and technically correct alternatives and to find the best alternative. Biomechanical studies show that identical world-class performances can be achieved by using very different movement techniques. Several explanations of this are possible. These technical alternatives may, for example, be individually optimal solutions with inverse advantages and disadvantages, or solutions which best fit the individual athlete’s anthropometric characteristics. Technically inferior athletes can also compensate for this disadvantage, for example through superior strength. However, there is usually a mutual influence of strength and technique: For example, certain features of the target technique can only be implemented using certain strength capacities. At the same time, only an individually optimal technique enables the effective use of one’s own strength. From a health perspective, there is the additional consideration that individually optimal mechanical solutions can be stressful or harmful in different ways. This may also require changes in technique.


On the one hand, knowledge of a technical model based on high-performance sport (variations included) is important when training young athletes. On the other hand, as mentioned above, the techniques of the world-best athletes can often only be imitated on the basis of extreme strength capacities and must therefore be adapted to young athletes. For this reason, when dealing with individual disciplines, it is important to identify those elements of technique which should be learned very early.


3.1.3GENERAL CONDITIONS


The target values also include general conditions. If these are inadequate, they can have a negative effect on training and performance.


TRAINING VENUES AND EQUIPMENT


Athletics disciplines differ greatly in terms of cost. While a recreational runner only needs a forest, a pole vaulter, for example, requires very expensive training facilities and equipment. In general, the quality of training or school teaching increases depending on how many of the following questions can be answered affirmatively: Is an athletics training facility available? Does it have a synthetic floor covering? Are a 400m track and facilities available for all throwing and jumping disciplines? Is a training gym available? Is there a special athletics gym? Can this be used often enough or even without restrictions? Is it big enough? Is it close to the outdoor facilities? Are important training devices, such as hurdles, throwing implements, etc. available in good quality and sufficient quantity? Is a set of vaulting poles, for example, available which meet the needs of both beginners and advanced athletes? Are additional items of equipment available, such as gym mats and boxes, mini hurdles, foam blocks, etc.? Are special equipment items available, such as a Speedy for assisted sprints? Is there a weight room? Is this near the outdoor facility/gym? Are necessary devices for weight training available? Are there any special devices? Does the facility include a suitable course for long-distance runs, a long, approximately ten percent gradient for uphill or downhill runs, long stairs, a cross-country running course, a large sand area, massage rooms, etc.? Are these facilities near other training venues?


TRAINING GROUP


First, certain harmony in the training group is crucial. The coach can influence this by taking certain steps. Second, the size of the training group is very important. The smaller the training group, the better the coach can provide for individual details. In general, it is believed that the group size should decrease in relationship to an increase in the performance level of the athletes. In high-performance sports, technique training should be performed on a ratio of 1:1, whereas in other types of training the group is still a key motivator.


COACH OR COACHING STAFF


The home coach is the most important contact person for an independent athlete. The home coach should have the best possible training of sport science, as much coaching experience as possible, and a knack for dealing with athletes. As a rule, the coach prepares the training plan, supervises the main part of the training, corrects an athlete’s movement techniques, etc. In (high-)performance sports, the coach also coordinates cooperation with squad coaches and special coaches and should be involved in communication and collaboration with parents, therapists, doctors, managers, sponsors, etc. Squad and special coaches have a specific expertise, which home coaches and athletes can benefit from. Although the problems of cooperation between home, squad, and special coaches will not be dealt with in detail here, such cooperation is certainly required.


MEDICAL AND THERAPEUTIC SUPPORT


An optimal care team includes physicians and therapists. Physiotherapeutic, osteopathic, psychological, and sports-medicine support is optimal. Therapy should be applied only when needed, even if in high-performance sports a permanent concomitant therapy may sometimes be necessary.


REGENERATION, OTHER FORMS OF STRESS, AND NUTRITION


In sports, an optimal relationship between stress and recovery is crucial. A training plan provides no information about whether an athlete actually regenerates during non-training time. One of the most important factors for good recovery is regular and restful sleep. However, the body should be given sufficient time to regenerate not only at night. Recreational time outside of training should also include as little physical stress as possible. However, unavoidable physical stress (e.g., school sport) and physical activities which are not relinquished in spite of sport (hobby) must be taken into account in training documentation and the individual training plan. In addition, a healthy and balanced diet is essential for regeneration and performance.


FAMILY, PEER GROUP, AND SCHOOL/JOB


Last, but not least, a non-athletic social environment has an influence on athletic development. The classical socialisation entities such as family (especially parents) and peer groups (i.e., a group of friends of the same age) mainly affect attitudes such as motivation and willingness to perform in general and specifically in sports. For children and adolescents involved in performance-oriented training, the training group, or part of it, is often identical with the peer group. School, education, studies, and job, which are also important socialisation entities, often limit the time available for sport. School in general, and especially the current trend toward all-day schools, should be taken into consideration since this could pose a potential risk for the development of a performance athlete if sport is not integrated adequately into these schools.




3.2ANALYSIS OF THE CURRENT SITUATION AND TEST AND CONTROL PROCEDURES


In the analysis of the current situation, a comparison is made using the values found in the target analysis. While age and general conditions are obvious, the state of performance in respect to the factors determining performance must be measured by means of specific tests and control procedures. Competition results alone do not provide sufficient data about the reasons for improvements or declines in performance. By using test and control procedures, factors which determine performance in terms of the major types of motor stress or aspects of technique are measured. The quality of test and control procedures depends primarily on how accurately the scientific quality criteria are met. The major quality criteria are the following:


•Validity: To what extent does a test really measure what it claims to measure? Of course, the jump-andreach test measures jumping strength. However, this test has relatively little to do with reactive one-legged jumping strength within short stretch-shortening cycles. Its validity for the measurement of jumping strength in athletics is therefore very low.


•Reliability: How accurate are the measuring instruments? How great is the potential measurement error relative to the parameter measured? Manual time measurement can be sufficiently reliable for a 400m tempo run, whereas this is not true for a flying 20m sprint. The possible error relative to the possible change in performance is too great. In respect to reliability, the question whether the conditions are always the same is also important.


•Objectivity: Is the result of the test independent of the examiner? This is usually not the case with the previously mentioned manual time measurement.


The quality of a test also depends on how accurately the secondary quality criteria are met:


•Standardisation: Are individual or general standard values, which are specific to age, gender, and performance, available for estimating performance?


•Usefulness: Does the test provide results which in terms of their importance go beyond the observations of a trained coach’s eye?


•Economy: Is the test feasible and financially viable? Is it worth the time spent?


Below, examples of general test and control procedures shall be presented. They differ in their quality (i.e., to the extent in which they meet the quality criteria listed). Sport-motor tests, which can be performed using simple materials at a training location, are often characterised by a poorer fulfilment of the quality criteria than, for example, biomechanical laboratory tests. However, the tests mentioned here are valid at least in terms of certain performance categories. More specific control procedures are explained in connection with the individual disciplines. Accordingly, the test and control procedures for cyclic speed will be dealt with in connection with the 100m sprint, the tests for anaerobic endurance in connection with the 400m sprint, and the tests for aerobic endurance in connection with middle- and long-distance running (see chapters II–1.3, II–1.4 and II–1.10).








	 

	Test: Ability/skill tested

	Execution/comments






	T1

	Analysis of video recordings: coordination/ technique

	Modern video recorders come with a small built-in screen from which coaches and athletes can view the recorded motion directly after the attempt, often even in slow motion. Although in competition it is not permitted to show video recordings to athletes, many coaches deliberately watch the original motion only through the viewfinder of their video recorder and afterwards watch it repeatedly. For optimal video analysis in training, it is advantageous if a TV, laptop or tablet computer is used to present enlarged and thus more detailed images. Analysis should preferably occur directly between two attempts since athletes can then distinctly remember their previous attempt, and, if necessary, corrections can be made immediately. More accurate analysis can be carried out by using specific computer programmes. Such analysis, for example, enables a better comparison of different attempts, the creation of picture sequences, the setting of markers, the measurement of angles, etc. Most of these functions require some follow-up time. However, more and more functions have been developed which facilitate immediate evaluation in training and in this respect offer new possibilities.






	T2

	
General flexibility tests: flexibility

	In daily training, even stretching exercises performed in flexibility training are often used as test and control procedures. The range of motion achieved during a stretching exercise provides information about an athlete’s flexibility. Even if one only wants to analyse and/ or quantify the lack of flexibility more accurately, specific tests are necessary. Figures 10a–e show a small selection of flexibility tests. For additional test and control procedures on the topic of flexibility, see Weineck (2007), etc.
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Fig. 10:





a:Stretchability of the hip flexors: If an athlete is forced to lift his/her knee when pulling his/her opposite knee maximally to his/her chest, the hip flexors are shortened (iliopsoas, tensor fascia latae, rectus femoris); if only the lower leg is not hanging down, the biarticular rectus femoris is shortened.


b:Estimation of the stretchability of the hamstrings on the basis of the angle between both legs.


c:Functional test of the stretchability of the soleus: If this muscle is shortened, the athlete will fall over backward.


d:Bending forward (reaching-down test): Quantification of the stretchability of the hip and back extensors by affixing a carpenter’s ruler to the front of the box the athlete is standing on; how far can the athlete reach down with his/her fingertips?


e:Stretchability test of the shoulder and chest muscles: How close can the athlete grip the javelin and still move it to his/her buttocks with arms extended?








	T3

	
Body-weight and body-fat measurement: (which in combination with the following tests results in) relative strength


	This test shall help to avoid inappropriate increases or decreases in body weight and fat. Unlike simple weight measurement, an additional body-fat measurement enables a more accurate assessment of possible changes. Various methods are available (e.g., measurement of skinfold thickness and bioelectrical impedance analysis). The latter is being used in standard body-fat scales, but can be prone to error. Often, body weight is related to body height. The body mass index, for example, is very popular (body mass index = body mass/(body height2), measured in kg/m2). In performance sport, body weight and fat must be considered in relation to the requirement profile of each discipline.






	
T4


	One repetition maximum (1RPM): concentric maximal strength

	The one repetition maximum (1RPM) is defined as the maximum weight which in a particular exercise can be moved by the athlete one time over a given distance.






	T5

	Squat jump and similar procedures: concentric maximal strength (speed strength) of the extensor loop of the legs

	If the weight to be managed is below 1RPM, movement velocity must be measured to make a statement about concentric maximum strength (speed strength). However, continuous velocity measurement is only possible if the latest diagnostic training devices are used. Therefore, speed strength is usually neither measured for one movement direction in a joint, nor for a muscle or muscle group. It is typically measured within certain specific multi-joint movements. The speed strength of the extensor loop of the lower extremities is usually measured by jumping from a squatting position on a force plate or contact mat. The simpler measurement on the contact mat, which is also much cheaper and easier to transport, is also inaccurate since the force is not measured directly, but calculated from the flight time. However, the flight time can be manipulated by the landing method. Therefore, the movement sequence must be accurately standardised and controlled. In the squat jump, the athlete initially stays in the squat position for a short time before vigorously jumping from this position and generating a maximum amount of speed strength. To minimise the effect of the arms as swinging elements, the athlete must support his/her hands during the whole movement at his/her hips. To get closer to the 1RPM range, the squat and counter-movement jump (T8) can also be performed with an additional external load on the shoulders, such as a barbell weighing 50/75/ ...% of the athlete’s body weight.






	T6

	
Isokinetic (or desmodromic) strength measurement: concentric and eccentric maximal strength

	Another possibility of dynamic strength measurement is the use of so-called (usually computer-controlled) isokinetic or desmodromic strength-training devices. With these devices, the person tested applies force against a resistance moving at a prescribed, usually constant, speed. The device then continuously measures the force generated during this process. Depending on whether the resistance of the device moves in or opposite to the desired direction of movement, the load is concentric or eccentric. However, this force measurement has two major drawbacks: First, athletic movements are not isokinetic (i.e., the movement velocity at a joint constantly varies). Second, isokinetic or desmodromic machines are rarely available in daily training.






	
T7


	
Static strength measurement: static maximum strength, as well as start-, explosive-, and speed-strength index

	

Although static force measurement is less specific for most athletic movements, it is much simpler than dynamic force measurement. Therefore, it has been used in sports science for a much longer time. In the simplest case, static force measurement can be conducted using a simple spring (scale). Isometric (static) strength can also be measured at various angles (constant velocity = 0) with the isokinetic strength-training devices described above.


Due to the simpler technical feasibility, start-, explosive-, and speed-strength indexes are often calculated on the basis of the rate of force development against an unmovable (static) resistance. Figure 11 illustrates this method in more detail.
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Figure 11: Start-, explosive- and speed-strength index, defined by using the rate-of-force development curve in the force-time diagramme (modified on the basis of Bührle, 1985).












	T8

	
Counter-movement and drop jump:

reactive strength of the extensor loop of the legs



	Like speed strength, reactive strength can normally only be measured when performing a specific movement. Depending on the movement complexity, the result is also strongly dependent on movement technique. Counter-movement and drop jumps are related to the squat jump (see T5 for measurement, standardisation, arm position, and additional load). In the counter-movement jump, the athlete tested moves from a standing position to the crouch position before taking off vigorously after a movement reversal which is performed as quickly as possible. The drop jump is a standardised two-legged depth jump (85) onto a force plate or contact mat.






	
T9


	
3-, 5- or 10-stride bounding run or hop with distance maximisation: reactive strength of the legs

	For a description of this movement, see bounding run (88) and one-legged jumps (= hops, 89). In general, the last jump is performed by using a long jump which lands in the pit. On the one hand, these tests are clearly much more specific to athletics than counter-movement and drop jumps, but on the other hand they are more dependent on technique. Nevertheless, they should be performed by jumpers and sprinters alike, and even by throwers and distance runners.






	T10

	
30m bounding run with time minimisation: reactive strength of the legs

	A distance of 30m must be covered as quickly as possible using a bounding run (88). If possible, this should be done using photoelectric measurement.






	T11

	
Strength-endurance tests: especially anaerobic strength endurance

	There are various methods of strength-endurance measurement. The time and/or number of repetitions until exhaustion using a given weight and a given range of movement can be taken as quantities to be measured; other possible measurement categories can be the maximum weight possible for a set time, number of repetitions, and movement amplitude. In desmodromic/isokinetic or static strength measurement, the impulse sum (i.e., the average force applied multiplied by the time tested) can be taken as an indicator. In athletics, primarily multi-joint (whole-body) exercises are selected (e.g., 1-min squats).









At the end of each training phase, the current state should be measured again. At the end of a mesocycle, a standardised test battery is performed. In shorter training phases, tests are often performed only by observation. The control of the actual state and training documentation (see chapter I–3.4) are the basis of the final analysis. This is a new comparison between the current and the target state in terms of cause. The analysis leads directly to the setting of goals and the planning of training for the new training phase, and possibly to the adjustment of long-term goals and plans.


Instead of arriving at an objective analysis (i.e., an analysis based on facts), athletes in particular, as well as some coaches, perform subjective analysis. In general, an analysis which is as realistic, multi-faceted (never only negative), and objective as possible is always recommended. Both athletes and coaches should arrive at the same results as independently of each other as possible. In the long term, subjective analysis usually leads to false self-images and a (permanently) incorrect estimation of reality (see Eberspächer, 2004).




3.3TRAINING PLANNING


3.3.1GOAL SETTING


The training objectives to be achieved should be set based on a comparison between the target values and the current values (i.e., How close can I get to the target values starting with my current values?). In the final analysis, the fulfilment or non-fulfilment of the objectives set at the beginning is crucial for the success or failure of the training. Every person acts in a goal-oriented manner by continuously setting new objectives. Sometimes this even occurs unconsciously. However, in sports, it is recommended to do so consciously and explicitly. Athletes should establish long- and medium-term objectives at the beginning of a training phase in consultation with their coach. Long-, medium-, and short-term goals should all be pursued with the same commitment. If an athlete is much better than expected or if an objective is not achieved, the training process and/or the objectives must be adjusted accordingly if possible. Therefore, goals should be realistic. This means that although success is supposed to be more probable, failure should not be entirely impossible. Ultimately, the experienced feeling of success results from the possibility of failure, even from temporary failure. This means that goals which can be reached too easily make success worthless. However, objectives that are too challenging lead to constant failure and disappointment. When setting goals, athletes should also consider what they are willing to do to achieve their goals. Objectives require effort; achieving goals is not possible without commitment, even when success cannot be guaranteed. Objectives can be formulated in the form of an athlete-coach contract, in which responsibilities, goals, and the like are written down (as a symbolic gesture). In the younger age groups and in school sports, the objectives are usually set by the coach or teacher. However, educational scientists keep recommending that students actively participate in defining the objectives and thus also the content of lessons.




3.3.2PERIODISATION PHASES


According to the long-, medium-, and short-term objectives, training is also planned by using periodisation phases of different length.


SEVERAL YEARS


Multi-year plans usually extend over four years. Not only the Olympic cycle, but also basic and build-up training are of this (approximate) duration.


MACROCYCLE (SEASON/YEAR)


A macrocycle is defined as the planned development of athletic form toward the peak of the season. Depending on whether single or double periodisation is used, the length of a macrocycle in athletics is either a whole or half year. There are very few competitions in winter especially for the so-called long throws (javelin, discus, hammer) and in combined events. Here, planning sometimes occurs in the form of single periodisation with only one performance peak in the summer and a long period of preparatory and basic training in winter. However, double periodisation is far more common, with two performance peaks and competition phases in summer and winter. The competition phase in summer is considerably longer than that in winter. Between the national championships, which are generally used as a qualification for international championships (Olympic Games, world championships, and continental championships), and the international championships themselves, there are often another six or seven weeks. Most athletes must be in top form to qualify even at the national championships. Then the question arises whether one should try to maintain one’s form or start a new build-up toward a new peak. The latter alternative is characteristic of the classical direct competition preparation (DCP), which once again includes fundamental and extensive training contents. Today, the former strategy of planning DCP is also used very often. Although there are other reasons why many athletes fall significantly short of their seasonal best at international championships, the problem is still relevant.


PERIOD/PHASE


A macrocycle is often roughly divided into a preparation and a competition period or phase. The preparation period can be further divided into a general and a specific preparation period or phase. In double periodisation, the general preparation period (phase) is often much longer in the winter than in the summer season. Both the transition from the general to the specific preparation period and the transition from the preparation to the competition period are fluid. For example, even in the competition period, athletes still perform specific preparatory training. Between the peak of the season and the start of training in the next macrocycle, there is usually a transition period or phase. During this phase, the training loads used have little or nothing to do with athletics. The objective of this phase is physical and mental regeneration. In (high-)performance training, this phase usually lasts only one to two weeks between the winter and summer seasons, and at least three weeks before the start of the winter season. With athletes of a lower performance level or with younger athletes this phase is often longer.


Within the competition period or phase, the important question arises about how training immediately before an important competition should be organised. For example, it has been demonstrated that following reactive-strength training the performance peak probably will be delayed for several weeks after ceasing training. Therefore, only training stimuli requiring very short regeneration and adaptation time can be meaningful. However, an optimal rest interval is not possible before each competition. Before preparatory competitions, there are often much shorter breaks and some of them are often considered to be rather intense workouts. The results achieved during these competitions must be assessed accordingly.


MESOCYCLE


Detailed training planning occurs in the form of so-called mesocycles. This term is used differently in various literary sources and sometimes is regarded as identical with the terms period or phase. Mesocycles usually last about a month or 4-7 weeks (see table 4). Within double periodisation, a season is often divided into four mesocycles. The competition period or phase most often occurs in the fourth mesocycle, but it can already begin near the end of the third mesocycle by the athlete taking part in certain preparatory competitions. In each mesocycle, the focus of training is on different major types of motor stress or training contents. Respective tables can be found in the discipline-specific part of this book in each chapter dealing with training planning in individual disciplines.


MICROCYCLE


Within a mesocycle, identical or similar training contents are repeated at certain intervals. These repetitive intervals are called microcycles. A microcycle often lasts one week. In high-performance training, with training twice per day, half-week microcycles are even possible. In children’s athletics and in basic training, a two-week microcycle can also be used. In addition to microcycles, in which actual training is performed, the last microcycle of a mesocycle has a special function. Its main objectives are regeneration as well as conducting test and control procedures (regeneration and testing week). During a mesocycle, the training loads, which are repeated in the form of successive microcycles, can be organised in three ways:


•Increasing load volume: Due to adaptation to training, a higher load volume is possible and necessary to trigger new adaptation processes. The organisation of load is mainly used in volume-oriented training during the general preparation phase.


•Constant load volume: Due to adaptation to training, a higher intensity level is possible and necessary to trigger new adaptation processes. This organisation of load is mainly used in intensity-oriented training during the specific preparation phase.


•Pyramidal load volume: Such an organisation with first increasing and then decreasing load volume can be used as an intended combination of the two forms previously described. However, it can also become necessary if the total load at the beginning of the mesocycle was too high and there is the risk of decreasing intensity.


Macro-, meso-, and microcycles are organised similarly in certain respects. Macrocycles end with the transition phase, which is for regeneration, whereas mesocycles end with a regeneration (and test) week, and microcycles usually also end with a recovery day (Sunday).


TRAINING SESSION


The sub-units of a microcycle are the various training sessions. Determining their number and duration is one of the most important decisions to be made at the beginning of training planning. The total training volume established in this way should continuously increase from children’s athletics via basic and build-up training to (high-)performance training.


MODULE/CONTENT


Both training sessions and school lessons are divided into multiple modules. First, they are basically divided into the warm-up, the main part, and the follow-up. But even these parts consist of various components or contents which must be distributed in the microcycle training plan according to the principle of proper loading sequence and in consideration of specific regeneration times.






Table 4: Annual training planning in high-performance sport with double and single periodisation (abbreviations: R/Reg.: regeneration, Te: test and control procedures, Trai: training, Nat: national peak, Int.: international peak, DCP: direct competition preparation, TP: transition period).
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3.3.3PERIODISATION MODELS


Four different approaches to training planning can be distinguished although they are rarely implemented in their exact form and have diverse effects on each individual athlete.


TRADITIONAL PERIODISATION MODEL


Training planning according to traditional periodisation has two major features:


•usually only one type of content for each session; and


•consistent development from high training volumes and low intensities at the beginning of the general preparation phase toward high intensities and low volumes during specific preparation.


COMPLEX TRAINING


The model of complex training must be seen primarily as an alternative to the first-mentioned feature of the traditional periodisation model. To obtain optimal adaptation in a major area, the interval between two training stimuli sometimes appears too long, and the objective is therefore to practice this area several times a week. In addition, numerous factors determining performance must be taken into consideration in the training plan. Therefore, one is forced to structure individual training sessions in a more complex way even when carrying out more than six training sessions per week. Several major training contents (such as stabilisation training, technique training, and jumping-strength training, speed training and strength training, and aerobic endurance training and flexibility training) are then performed one after the other in one training session. In combined-event training in particular, this approach is unavoidable and should integrate the principle of proper loading sequence.


HIGH INTENSITIES ALL YEAR-ROUND


The model of high intensities all year-round is primarily inconsistent with the second-mentioned feature of the traditional periodisation model. In speed- and reactive-strength dominated disciplines in particular (short sprints, jumps, throws), it is doubtful whether it is sensible to initially slow athletes down through extensive (speed- or strength-) endurance training at the beginning of the preparation period. Does one really need such an extensive basis (of endurance) for subsequent training so that the consequences of converting fast into slow muscle fibres must be put up with? In these disciplines, training may be organised in such a way that the athlete can deliver relatively good performances throughout the year. Although basic training would not completely disappear, it would be used less frequently and would be distributed over a longer period.


BLOCK TRAINING


Block training is in contrast to the previously presented periodisation models. These models embody the following problem: Speed, reactive-strength, maximum-strength, strength-endurance, speed-endurance, aerobic-endurance, and flexibility training designate somewhat similar, but at times also very different and even opposing adaptation stimuli for the organism. However, training in these areas is carried out within a short time of one another. In block training, one tries to circumvent this disadvantage by placing extreme emphasis on only one type of motor stress in (sometimes relatively short) mesocycles. In such a mesocycle or block, approximately 80% of the training contents are used exclusively for the development of only one component determining performance. For example, the preparation of a jumper could begin with an anaerobic (speed- and strength-) endurance block and then include a muscle-building, a reactive-strength, a speed, and finally a block for developing technique. Since the contents of the first blocks practically do not occur in the subsequent blocks, the question, however, is whether the results still last until the competition period. A proponent of block training would dismiss these concerns as follows: First, the training contents of the first mesocycles are the least important for competition performance. Second, block training develops better adaptations in certain areas than would be possible in conventional training. Even if some of these adaptations are lost again, there is still an advantage. Third, although some adaptations (e.g., the hypertrophy achieved during the second block) are perhaps not further developed in other contents, they are still maintained. On the whole, block training is expected to work well particularly with top athletes whose fundamentals are already very well developed through training. In double periodisation, it is also possible to use block training only during one of the two preparation phases.


3.3.4SAMPLE TRAINING PLANS FOR CHILDREN’S ATHLETICS AND BASIC TRAINING


Many sample training plans for buildup and high-performance training can be found in the discipline-specific part of this book. The suggested training plans are to be understood as part of a double periodisation, represent a mix of the traditional periodisation model and complex training, and include approaches pertaining to year-round high intensities. Numerous coaches have achieved optimal results using this system. Block training and a more thorough implementation of year-round high intensities is incompatible with this and would lead to completely different training plans. However, this does not mean that the training suggested here would generally be superior to training based on the latter periodisation models. Thus, the potential benefits of a more consistent implementation of year-round high intensities and training blocks must certainly be considered.




Sample training plans for children’s athletics and basic training (see tables 5–7) have already been presented here since training does not focus on specific events at this age. In the training plans suggested, the amount of training is increased according to age by extending the duration of the training sessions. An increase based on the frequency of training sessions is also possible. An extension of the microcycles to two weeks may also be beneficial. The training plans show the above-mentioned development of very general, often non-athletics training contents to increasingly specialised, but still combined-event-oriented contents. Here, the training plan for U16 athletes attempts to do justice to the conflicting requirements for versatile basic training on the one hand and early specialisation on the other hand by placing emphasis at an early stage.






Table 5: Children’s athletics: sample microcycle for the U10 category
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Table 6: Basic training: sample microcycle from the first mesocycle in the U14 category
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Tab. 7: Basic training: sample microcycle from the third mesocycle in the U16 category
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3.4IMPLEMENTING AND DOCUMENTING TRAINING


Training is done according to the training plan. Due to illness, injury, unavoidable appointments, etc., it is sometimes inevitable to switch or even cancel training sessions. Often coaches and athletes spontaneously decide to increase or decrease training based on mutual feedback. All this makes individual training documentation essential, beginning with the start of build-up training at the latest. This is especially true if training plans relate to entire groups instead of to individuals. There is much to be said for athletes performing the documentation themselves. First, the coach is normally very busy with the training plan, other organisational activities, and, if he/she is not a full-time coach, also with his/her job outside of training. Second, it is easier for athletes themselves to document their physical or mental states and physically stressful activities outside of athletics training. Third, such an approach strengthens the athlete’s sense of responsibility for his/her training. However, the athlete should send a copy of the documentation to his/her coach as a fax or email. Athletes’ files on the Internet with definable access options are another possibility. Tables 8a and b show examples of documentation sheets which might be distributed by the coaches.




Table 8a: Simple training documentation sheet; b: Complex training documentation (see next page) for a combined-event athlete: Depending on the athlete’s major discipline, as well as personal preferences and needs, the left column may vary.
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4TRAINING METHODS


The training methods shown below apply to all sports and disciplines. Some of them cannot be attributed only to a single major type of motor stress. Nevertheless, they are described under the major type of motor stress with which they are primarily associated in training practice. For example, the repetition method is primarily associated with (speed-)endurance training. Nevertheless, in practice 5 x 1000m with 3 min jog intervals and 5 x 50m with 10 min walk/sit-down intervals would both be referred to as the repetition method although the former training programme is part of aerobic endurance training, whereas the latter belongs to speed training. The term repetition should be explained for another reason: A repetition in weight training is more comparable to a stride in running training, while a repetition in running training corresponds more to a set or series in strength training. In respect to strength training, specific terms are commonly used, although the terms interval and repetition method could be used here in a similar manner.


4.1COORDINATION TRAINING


A high quality of coordination is specific and not general in nature. Therefore, in coordination training, the focus is on requirements specific to athletics (techniques). Coordination and technique training should adhere to the following general principles:


•from the known to the unknown,


•from the simple to the complex, and


•from few to many.


Exercises should only include as many new elements as can be implemented by athletes. Since the attention for coordination requirements is limited, new, unfamiliar, more difficult and complex requirements can often only be implemented if the basic movements have been sufficiently automated.


Regardless of the discipline, general approaches to technique training, or teaching and learning methods in technique training, can be distinguished from one another. For example, the question of whether in hurdling one should start directly with sprinting over obstacles or with isolated training of the trailing and swing leg illustrates the difference between the whole- and the part-learning method. While athletes involved with hurdles are usually first confronted with low obstacles which they are told to sprint over (confrontation method), throws and jumps are normally introduced using the part-learning method, which means that their most important element (the release or take-off) is taught first. Only then are the complexity of the movement, the time constraints, and the strength requirements increased by increasing the pre-acceleration of the athlete (and the device). The term whole-part-whole method illustrates the strategy of practising movements first and mainly as a whole. However, occasionally partial movements are practised and improved in isolation and in a goal-oriented manner. This is probably the most promising strategy for all disciplines, at least after leaving the immediate beginner stage. If technical errors occur during technique training while using these methods, one tries to correct them.


This can either occur through the specific use of the above-mentioned auxiliary exercises or by means of verbal, acoustic, visual, or tactile correction or assistance. In addition to the verbal explanation of what the athlete should correct during his/her next attempt, acoustic assistance (e.g., by verbal accompaniment and rhythmisation of motion) can be provided (e.g., leeeft – right-left with the 3-step rhythm in the javelin throw). Visual correction is performed through the personal demonstration of a movement or by showing pictures, videos, etc. This not only helps beginners to create the idea of the movement, but if it involves a video recording of the athlete himself or herself, for example, it can even help advanced athletes whose subjective perception of motion may possibly differ greatly from the objective external view. If this is the case, the over-correction or the contrast method in the form of verbal correction is often used. Here, the athlete is either asked to exaggerate the desired change or to perform the opposite of the desired change. Tactile correction is usually performed by an assistant who, during the imitation or the actual movement, moves a body part in the right direction at the right time.


Another approach to motor learning is the method of differential learning developed by Schöllhorn (2003), which assumes that athletes learn fastest by performing specific variations of movements. Without ever explicitly correcting errors or providing a clear idea of motion, it is the coach’s task to teach the athlete an effective and variable technique in the target discipline through specific variations of the initial situation and task. The variation of the initial situation can be achieved by varying the starting position, by using different throwing weights, changing the run-up length, restricting the sensory input (see below), etc. Variation of the task occurs by means of the repeated use of over-correction and the contrast method while trying to deliberately deviate from the target movement in as many ways as possible. Here, a great deal of creativity and very good intuition by the coach are required.


Moreover, mental rehearsal can support motor practice or training. Mental rehearsal is defined as the intense visualisation or perception of movements without actually performing them. The basis of mental rehearsal is the so-called ideomotor response. Studies have shown that both ideas of motion, and movement perceptions and thinking of the movement, trigger responses in resting muscles. Mental rehearsal is therefore particularly suitable for improving and stabilising coordination. Thus, a distinction can be made between practical training methods (training by performing the movement) and training methods focusing on speech, thought, and imagination processes. The latter group is divided into training by means of communication and training by means of internal realisation. Internal realisation is one of the basic forms of mental rehearsal by using imagination and observation. Ultimately, internal realisation is therefore physiologically an improvement to coordination and technique due to the ingrained mental image.


In addition to the general methods of coordination training, the following general tips and suggestions can be provided:


•training with a variation of the sensory input


»visual: training with closed eyes;


»vestibular: with additional/modified movements of the head;


»kinesthetic: on various surfaces; and


»tactile: assistance and guided movements;


•training with different constraint situations


»increased situation constraints:

competition simulation;


»increased time constraints;


»increased precision constraints: e.g., throwing the javelin toward targets; and


»increased complexity constraints: with additional tasks;


•bilateral training, not only to avoid imbalances in muscle strength, but also because athletes who use the nondominant side of their bodies are forced to think quite differently about the movement, and it is assumed that when training the nondominant side of the body the coordination of the dominant side is always trained simultaneously; and


•versatile training to not only master movements in their ideal form but to make them variably available in all (weather) conditions.


•The closer one gets to the peak of the season, the more specific the training exercises should become in terms of movement form and dynamics.


•With experienced athletes, ingrained technical errors should be dealt with at the beginning of the preparation period. Only one error should be dealt with at a time, and the most important error should be dealt with first. The objective should be to create conditions in training that allow the athlete to perform the movement correctly in at least 80% of all attempts. Nevertheless, experienced coaches report that such a relearning of a single technique detail can take up to two years.




4.2FLEXIBILITY TRAINING


During active-static stretching, the stretch is produced by the antagonist of the stretched muscle (e.g., when drawing back both extended arms at shoulder level to stretch the chest muscle [pectoralis]). In this case, there is only a very slight strain. Therefore, this method is rarely performed in flexibility training. It corresponds to natural stretching which both people and animals perform quite unconsciously after having remained in one position for a long time (e.g., after sleeping). This short stretching of the flexor muscles seems to have an acute performance-enhancing effect after periods of rest.


In dynamic stretching, the muscles are also stretched actively most of the time. To avoid overstraining, athletes should only perform slight bouncing movements (i.e., they should not work with too much momentum). If an athlete wants to stretch his/her chest muscles, he/she will move his/her arms back and forth several times in a bouncing manner. However, there are variations of dynamic and passive stretching in which the muscle is also stretched by external forces. For example, one athlete could move his/her partner’s arms backward in a bouncing way, or the athlete could use gravity by lying on his/her back. In dynamic stretching, the momentum (inertia) results in a wider range of motion than in active-static stretching. The rapid combination of muscle stretching and contraction, in which the respective monosynaptic proprioceptive reflexes are triggered, corresponds more to actions during athletic movements than is the case with the following two methods.


In contrast to the very general use of the term stretching in English, stretching in German has established itself as a short term for the method of passive-static stretching. In the previous example with the chest muscle, a partner could again move the athlete’s arms backward and now hold them there, or the athlete could place his/her hand on a wall and twists his/her body in such a way that the chest muscle is stretched. Due to the continuous stimulus caused by the lack of movement, the stretch receptors (muscle spindles) and pain receptors in the muscles become tired, and, after a few seconds, no additional proprioceptive reflexes are triggered. Now the stretch can be intensified. Thus, the athlete achieves a wider stretching position than in active-static and bouncing-dynamic stretching. For this purpose, however, a certain holding time is necessary. In many cases, 3 sets of 20 to 30 seconds are recommended. Due to the wider stretching position, there is also an increased strain on the stretched structures. The effect on the muscle spindles lasts for some time and is also expressed after stretching in reduced muscle tone and reflex activity. Although this second effect can be undone by some contractions of the stretched muscles, passive-static stretching has no acute performance-enhancing effect. To have a long-term performance-enhancing effect, flexibility training must therefore be performed at the end of a training session and not during the warm-up. There should be a sufficiently long time interval between stretching and competition or other maximum reactive-strength or speed loads.


The contract-relax method of flexibility training is another passive stretching method. Here, 3–4 periods of passive-static stretching of about 10 sec duration each are interrupted by periods of maximum-static contraction in (or near) the stretching position of 3–7 sec duration each. The contraction triggers an inverse stretching reflex via the tendon spindles, which even reinforces the relaxation effect due to the fatigue of the muscle spindle. Moreover, during the passive-static stretching phases, the antagonist of the stretched muscle can also be contracted to achieve a reciprocal inhibition. Thus, compared to the other stretching methods, during contract-relax stretching the widest range of motion is achieved. It is also the most intense, structurally stressful, and therefore to some extent most effective method of flexibility training. The restrictions already mentioned in respect to passive-static stretching apply here all the more.


4.3STRENGTH TRAINING


Hypertrophy-oriented strength training (muscle build-up training) is primarily multi-set training on strength-training machines or with free weights although other training methods also have a muscle-building effect. Hypertrophy training typically consists of 3–5 series or sets of 8–12 repetitions. Load intensity (weight moved) is about 70–85% of the one-repetition maximum (T4, see table 9). Between series or sets, rest intervals of 3–5 min are common. To make training performances comparable, the range of motion and the duration of repetitions, and thus the speed of movement, should also be defined during each strength training. The extent to which differences in these parameters also influence the training effect is still scientifically unclear. In general, the weight is moved over the entire range of the motion at a medium speed and in a controlled way. If the movement is too fast, there will no longer be adequate stress at all joint positions due to the exploitation of the swing.


In addition to the classical multi-set training described above, it has also been proposed to perform hypertrophy training as single-set training. In the version proclaimed by Kieser (2003), each repetition lasts 10 sec: 4 sec for the concentric phase, 2 sec static tension in the maximum contraction position, and 4 sec for the eccentric phase. For muscle building, a set of 6–9 repetitions per exercise is recommended for each exercise. However, the same muscles are sometimes stressed several times by different exercises. The criterion for terminating the set during single-set training is not the completion of a certain number of repetitions, but rather absolute exhaustion. Muscle buildup training in general and in particular forms with slower movement execution is considered to be relatively non-specific for highly dynamic athletics disciplines and is therefore used mainly in the general preparation period.






Table 9: Table of standard values for the weights (in kg) used in strength training, corresponding with the one repetition-maximum (T4, left column) and the exercise intensity desired (upper line).
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Jumps, throws, etc. are of course also included in intramuscular coordination training (IC training). Nevertheless, this term usually refers to multi-set training on strength-training machines or with free weights. Such training usually consists of 3–5 series or sets of 1–5 repetitions. Stress intensity (weight moved) here is about 90–100% of the one-repetition maximum. Between series or sets, rest intervals of 3–5 min duration are common. To enable the athlete to overcome the reversal point, movement speed should be relatively slow during the eccentric phase. For the concentric phase, an explosive strength effort is often demanded. In spite of this, visible movement speed remains quite low due to the high resistance.


Pyramid training is a mixed form, in which primarily muscle build-up training and IC training are combined. This training method is often used to make training more variable or to gradually become accustomed to higher weights. Some examples of such pyramids can be found in table 10.


Isometric strength training, in which a weight is statically held several times (3–5 series) for a certain time (5–30 sec depending on the training goal), is of minor importance in athletics. Nevertheless, in strength training for the trunk, static holding exercises are sporadically used, which, however, are increasingly modified through dynamic variations and are performed as stabilisation exercises. An important application of this form of training is, for example, during rehabilitation after injury.






Table 10: Sample strength-training sets according to the pyramid principle.
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Stabilisation training can be called a method of its own to the extent that its objective is to hold the position of a joint as constant as possible despite multiple displacements or excursions. Athletics movements are dynamic, not static. Nevertheless, in many athletic movements the described behaviour (i.e., isometric contraction despite the fact that the movement as a whole is dynamic) is particularly characteristic of the trunk muscles and occurs in stabilisation exercises with a great number of dynamic movement variations of the limbs. The limb movements ensure that the trunk muscles, in stabilising the spine, are exposed to continuously changing and higher strength requirements. Instead of statically holding each position for 3 x 30 sec, an athlete can, for example, carry out 6–10 sets of 10 sec duration using dynamic variations.


The same procedure is also often used to stabilise the foot (and knee) joint. Here, the athlete is, for example, asked to remain standing on one leg despite multiple displacements (e.g., when catching a ball). This task is often made more difficult by a wobbly stance (on sand, wobble board, gel pads, etc.).


The term sensorimotor training, which in training practice is often used for this training method, expresses that this training is performed primarily because it is good for general coordination. The objective is to practise the motor response to sensory stimuli, which is coordinated by the CNS. Since it is, for example, important that the muscles are tense even before contact with the ground to prevent twisting one’s ankle, the absorption of (depth) jump landings is sometimes practised on unstable surfaces. However, sensorimotor training not only pursues such preventive medical objectives, but in addition always constitutes a versatile strength training of the muscles involved.


In the classic speed-strength method, the athlete tries to accelerate a relatively low resistance from rest or from an isometric/ static pre-tension as quickly as possible. However, this method has become less important in athletics because muscle-building, IC, eccentric-strength, and reactive-strength training seem to promise better adaptations and because purely powerful movements are rare in athletics. The crouch start and the initiating movement in the glide technique of the shot put are exceptions here. Exercises, which are typically carried out by using the speed-strength method, are two-legged jumps onto an object (91).


All of the above methods of strength training focus on the concentric (or isometric) phase since maximum strength is much higher for eccentric loads. A constant weight is a relatively heavier weight in the concentric phase than in the eccentric phase when expressed as a percentage of maximum strength. However, in the reactive-strength loads which occur in athletics, the eccentric phase is at least as important as the concentric phase. The adaptation potential of maximum strength seems to be even greater in the eccentric area than in the concentric area. Therefore, specific eccentric strength training should also be carried out when preparing for reactive-strength loads. Eccentric loads also seem to represent an excellent stimulus for the elastic component and thus to improve energy storage and to reduce susceptibility to injury. However, since this adaptation is due to tissue damage, there should be a sufficiently long interval between eccentric training (particularly if it is recently introduced) and high-intensity speed and reactive-strength training.


Maximum-eccentric strength training has not yet been used very much in athletics. This is a training which uses resistances that are supramaximal in terms of static and concentric maximum strength. During training, these stresses can be generated in several ways. The most versatile and most practical way to do this is through manual resistances. Manual resistance of a partner or a coach can be combined with the resistance of devices, making the eccentric phase more difficult or facilitating the concentric phase. Second, when training the extremities, the concentric phase can be carried out bilaterally (e.g., both legs), whereas the eccentric phase is carried out unilaterally. A variation of the first two options are so-called negatives at the end of a set. These are a mixture of muscle-building and IC training on the one hand, and maximum-eccentric strength training on the other. If, at the end of a set, the athlete’s concentric strength is no longer sufficient, the concentric phase will be supported by a partner or the free extremity, and only the eccentric phase will be performed without support. Third, changes in the effective load arm can be used to generate a maximum-eccentric load for a few degrees of the joint angle. The fourth way to generate maximum-eccentric resistances are so-called isokinetic (or desmodromic) strength-training machines. However, these are very expensive, very complicated to operate, and therefore rarely available in everyday training. For maximum-eccentric strength training, 1–3 sets of 1–8 repetitions are recommended, with the athlete defending himself or herself from a maximal isometric pre-innervation against a superior external resistance.






Table 11: Load increase in strength training (according to Boeckh-Behrens & Buskies, 2001, pp. 64–65).








	Load increase during single repetition and set/series






	End contractions

	static hold for 1-3 sec or bouncing 1-3 times at the point of the greatest stress, either at the point of maximal contraction (particularly in pulling exercises) or in the maximal stretch position (particularly in pressing exercises)






	Slow-motion or stutter repetitions

	The complete range of movement is performed very slowly, with short holding phases or even short phases of movement reversal.






	Partial movements

	Training only in the most stressful section of the whole range of movement






	Last-possible contraction

	each set/each series up to the last-possible repetition






	Cheating, forced repetitions and burning series/sets

	If no more repetition over the whole range of movement is possible, the athlete will cheat (e.g., by using momentum, changing his/her initial position, etc.), is assisted by his/her partner, uses his/her other extremity to help with the movement, or continues exercising only within the still possible range of movement.






	Load increase during single repetition and set/series






	 

	2-3 exercises for the same muscle or the same muscle group






	

a:Agonist-super-sets or combined sets/series (pre-/post-fatigue)




	

a:There is an alternation of sets of different exercises (possibly after only a short rest interval)









	

b:Selection principle




	

b:first, all sets of the most important exercise, then the second most-important exercise, etc.








	 

	In the rest intervals between the sets of one and the same exercise, the athlete






	

a:Antagonist-super-sets/ series




	

a:either trains the antagonist









	

b:Interrupted sets/serie




	

b:or performs another exercise for a muscle not involved.









	Load increase through the general organisation of the training






	Isolation or complex training

	To apply the highest possible stimulus to a muscle it should be trained in isolation. To train the weakest part of a muscle loop (e.g., the extensor loop including the ankle, knee, hip and back extensors) and thus achieve an optimal effect on sports performance, complex whole-body exercises should be chosen (e.g., squat).






	Principle of priority

	The weakest or most important muscle is trained first.






	Split principle

	To highly stress individual muscles and then give them a sufficiently long time to recover, the body is divided into certain regions (e.g., arms, trunk, legs), which are trained on different days.














Absorbing movements are another form of eccentric strength training closer to reactive strength. Examples are absorbing the landing after a depth jump (92) by performing a squat, or absorbing the forward tilt from a (knee) stand by falling into the push-up position (48). Here again, the load volume should be relatively low due to the high intensity.


Other forms of training, such as eccentric or vibration-strength training, also have an effect on reactive strength. However, reactive strength is trained specifically in the stretch-shortening cycles of jumping and throwing exercises. Depending on the volume and intensity, pure reactive-strength/plyometric training or reactive strength-endurance training must be distinguished from one another here. Associated exercises range from a few single jumps, for example take-offs or drop jumps with shorter or longer rest intervals, to highly intensive multiple jumps over 20 to 40m with long rest intervals, to multiple jumps over distances of up to 100 or even 200m with relatively short rest intervals. The training plans in the discipline-specific part of this book provide deeper insight into the matter. A transitional form between classic muscle-building and IC training on the one hand and reactive-strength training on the other hand is strength training with free weights or work on strength-training machines with low resistance and at high movement speed. In each instance, the reversal points are overcome as quickly as possible by using a stretch-shortening cycle.


High stimuli, particularly on the nervous system and elastic components, are provided by vibration-strength training. In most cases, the respective exercises are performed on a platform which moves up and down. This results in a variety of impacts on the trained muscles, which each time must be compensated for by the nervous and muscle system. Athletes can perform both (quasi-)static and dynamic exercises for the arms, trunk, and leg muscles on a vibrating platform. For safety reasons, it should be ensured that only small vibrations are transmitted to the head and that the selected vibration frequency does not correspond to the resonance frequency of organs. If an exercise, as is typically done in muscle-building training, is performed on a vibrating plate, the training volume must be considerably lower. The stress is usually much higher than felt acutely by the exercising athlete. Moreover, adaptations to vibration-strength training seem to be very individual. Thus, the risk of overloading is very high in vibration-strength training. This is all the more true because exact details of the optimal load dosage are not yet available. Another strength-training method is electrical stimulation. Here, the excitation of the muscle does not occur via the central nervous system, but electronically via adhesive electrodes on the skin. The positive success of electrical stimulation as a training measure is probably due to the fact that hereby a high-intensity muscle contraction with correspondingly large adaptations can be achieved. Moreover, it is assumed that mainly fast muscle fibres are stimulated, while it is difficult to only recruit them during voluntary contractions. The volume and structure of training also depend on the type of device used and the selected innervation programme. The advantages of electrical stimulation compared with voluntary muscle contractions are the activation of the entire contractile apparatus, the longer duration of muscle contractions due to the elimination of the effects of fatigue processes in the central nervous system, and the possibility of specific training of individual and especially important muscles (direct stimulation) or whole muscle groups (indirect stimulation), which are possibly difficult to reach through voluntary exercises. Such training in which coordinative control components do not exist can certainly not replace active training, but can possibly add to it. The primary role of electrical stimulation is the rehabilitation of muscle atrophy. Here, the rapid training effect is possible due to very specific (selective) stimulation.


4.4SPEED TRAINING


In reaction-speed training, reactions must be trained especially in direct connection with subsequent movements which are specific to athletics. In children’s athletics, however, game forms should also be used with a range of different choice and multiple reactions.


Due to the maximum nature of speed loads, pure speed training must be performed at an intensity of about 100%. A lower-intensity workout becomes speed-endurance training. An intensity of about 100% is only possible on the basis of a rested state. Therefore, speed training should occur at the beginning of a workout, if possible even after a day of rest. The rest intervals between repetitions must be very long, and there should only be a relatively small number of repetitions. In addition, supra-maximal intensities are often the objective: In comparison to competition exercises, they are carried out at a speed of over 100% and are achieved through appropriate methods of support.


To ensure high intensity when training cyclic speed, one can use the following rules of thumb: The sprinting distance should not exceed 60 m; for each 10m sprinted there should be a rest interval of 2 min. Based on the use of support methods, stride frequency is increased, for example, in towed sprints (139), downhill sprints (140), tapping (134), and frequency coordination (135). In particular, these exercises are also used if athletes have developed a so-called speed barrier due to multiple sprinting at the same intensity.


Training of acyclic speed is performed in particular by means of exercises which are similar to competition and are carried out at the highest intensity. In the throwing events, training with low-weight implements ensures that high-speed loads are achieved.


Many other discipline-specific methods and contents of speed training will be presented in the discipline-specific part of this book.


4.5ENDURANCE TRAINING


The continuous method is characterised by training without a break (see figure 12). The amount of stress (expressed in exercise duration or distance covered) is high and intensity is low. Nevertheless, a distinction is made between long and slow, short and fast, and short and slow (= regenerative) exercise.


The special features of the interval method are the two types of rest intervals: short rest intervals within a series, and longer rest intervals between the series (see figure 13). Depending on the number of runs or series, extensive and intensive interval methods can be distinguished from one another. Intensive interval training is characterised by relatively low volumes and high intensities, while in extensive interval training the volume is high and the intensity is lower. In intensive interval training, the number of repetitions is consequently lower, and the fatigue after each single stimulus is higher than in extensive interval training.


In the repetition method, no distinction is made in respect to rest intervals (see figure 14). The rest intervals are either always of the same length or correspond with the different distances covered. Due to the high intensity of the exercise, the number of repetitions is low.




[image: figure]

Figure 12: Schematic representation of the continuous method.









[image: figure]

Figure 13: Schematic representation of a: extensive, and b: intensive interval method (S = series, RS = rest interval between series).







[image: figure]

Figure 14: Schematic representation of the repetition method (L = Load interval, R = Rest interval).





The competition method is characterised by exercise of the highest intensity, whether it is a real or a training competition. Due to the fact that competitions, tests, etc. exert stress on the body, they also have a training effect. When using this method, the psychological requirements of the competition are also trained.


The continuous method and extensive interval method are mainly associated with aerobic-endurance training. Although there is an accumulation of lactate even during extensive intervals, the focus is clearly on aerobic metabolism. The intensive interval method, repetition method, and competition method, however, are associated with a decreasing total volume of training (in particular fewer repetitions) and usually with increasingly higher intensities, longer rest intervals, and anaerobic speed-endurance training.


In speed-endurance training, the intensity (i.e., the average running speed or time for a certain distance) is divided into four zones (see table 12). The basis of the calculation is either the best performance from the previous season or the target time for the next season. If electronic competition times are used, 0.6 sec must be subtracted before the calculation, which corresponds with the time measured manually in training at the release of the rear foot. Runs can be organised either in series of the same running distance or with increasing and/or decreasing length of the distance. The series principle is widely used in the interval method, while the pyramid principle is used more in the repetition method. However, this assignment is not mandatory. In anaerobic endurance training with strength exercises, usually 3–5 sets/series of 15–60 repetitions each are carried out. The intensity level is at 30–65% of the one-repetition maximum.


Load control is also possible on the basis of exercise duration and is sometimes even more accurate (e.g., 1-min squats). Strength-endurance training according to the single-set principle is also possible. Here, for example, 9–12 repetitions of 10 sec each can be performed. Strength-endurance training is often organised as circuit training, in which all exercises are completed in a kind of rotation. A strength-endurance circle often consists of whole-body or at least complex exercises. In addition to exercises on apparatuses and with free weights, stabilisation exercises, multiple jumps, and throws are often included. Since identical muscle groups are often trained in the various exercises, it is difficult to determine the duration of the rest interval. To ensure high stress on the cardiovascular system without endangering the feasibility of the muscle exercise, a short rest-interval duration (10–60 sec) is chosen, whereas the interval between exercises for the same muscle group is as long as possible.




Table 12: Intensity zones in speed-endurance training.








	Intensity zone corresponding to ...

	... average maximal velocity

	... Best time/Target time






	Low intensity (LI)

	50-75%

	200-134%






	Intensity 3 (I3)

	75-90%

	133-112%






	Intensity 2 (I2)

	91-95%

	111-105%






	Intensity 1 (I1)

	96-100%

	104-100%
















5GENERAL TRAINING CONTENTS


The following sections present training contents which are used in all athletics disciplines. All discipline-specific games and forms of exercise are found in the discipline chapters themselves. For an explanation of the numbers and the five-box system, as noted in the Test and Training Forms section at the beginning of the book.


5.1PREPARING FOR EXERCISE


Warming up is defined as all steps toward the acute psycho-physical preparation of a training session or competition. Its goal comprises an acute increase in performance and the prevention of injury. Usually, a distinction is made between general and (discipline-)specific warmups. Both components together can take approximately 10–90 minutes, depending on the subsequent exercise. In practice, one often witnesses warm-up programmes with unnecessary contents that are too long (such as intensive stretching programmes) which waste valuable training time and are not relevant. In disciplines such as the pole vault, however, it is sometimes necessary to start warming-up more than 90 minutes before a competition if, for example, several athletes can only use one pole-vault facility for the special part of warm-up vaulting. Moreover, the duration of the warm-up increases, according to various situations such as age, colder temperatures, and earlier times of the day. The warm-up on the competition day must be organised individually. Often, athletes tend to perform a particularly extensive warm-up before a competition because they would like to make sure that they are fully prepared. Although this idea may seem correct, there is nonetheless the danger of doing too much of a good thing. It usually helps athletes to develop a set ritual and to warm up identically in training and competition so as not to cause even more nervousness due to a modified procedure. In exceptional situations, an athlete’s attention can also be increased by means of a pre-competition warm-up unlike the one used in training. Of course, the warm-up must be adjusted depending on the weather conditions, and the number of attempts or heats in the competition, etc. In general, the following sub-goals are aimed at in warming up, typically in the order presented.


INCREASING THE BODY’S TEMPERATURE


Warming up usually takes place in the form of general aerobic endurance exercises while using large muscle groups. During muscle exercise, heat is generated as a byproduct due to internal friction. There is an increase in the body’s core temperature to approximately 38.5°C, the blood flow of the muscles by up to six times, and the temperature of the muscles (slightly slower) to about 37.5° C. Many physiological processes, which are crucial for athletic performance and are based on chemical or physical reactions, occur better, faster, and more efficiently under these conditions. These include metabolic processes (e.g., oxygen supply and enzyme activity), neuronal processes (e.g., nerve conduction velocity or sensitivity of the muscle spindles), and mechanical properties (e.g., the internal friction [viscosity] of muscles and tendons). In particular, the change in the mechanical properties results in a reduced risk of injury during the subsequent exercise. This means that light endurance exercises not only forestall the partially specific adaptation processes at the beginning of an endurance exercise, but also have positive preparatory effects on subsequent strength, speed, flexibility, and coordination exercises. Ambient temperature is also an important factor for endurance performance. Due to thermoregulation and a rise in the body’s core temperature, it is true (to a certain extent) that the lower the optimal ambient temperature, the longer the exercise should be. While in a marathon the optimal ambient temperature is only 10–12°C, it increases with the decreasing length of the distance and is 28°C for the 400 and 800m races. Studies also show that a 20- to 35-minute endurance exercise at high ambient temperatures (30°C) after a 20-minute pre-cooling period by means of a 1–4°C cooling vest could be sustained longer while having lower body temperature and heart rate values than after a 20-minute warm-up at 70% of maximum heart rate.


CONTENTS


If the purpose of warm-ups is to reduce acute susceptibility to injury, the warm-up activities themselves must not be potentially dangerous, which means that their intensity must not be too high. Typically, a warm-up includes an easy jog of 6- to 20-minute duration. Instead, endurance games (221–225) without intense load peaks may also be performed. However, athletes are often too cautious in terms of intensity and waste a lot of time with slow jogging which has negative effects on the neuronal processes during subsequent speed exercises. That is why it has often recently been suggested to select more specific exercises of medium intensity. The warm-up for sprints or jumps can, for example, include several LI-runs (see table 12; 142) over 60–100m with very short rest intervals and increasing intensity, or run-throughs of the ABCs of sprinting/jumping over a fixed distance with the athlete jogging back to the starting point (83–88 and 112–121). Other alternatives are jumping-rope exercises (80) or little jumps (81), and other coordination exercises on the spot. Even stabilisation exercises (41–47), which are performed without rest intervals and with a great deal of dynamic variation, can be used at the very beginning of a training session for general warm-up. The latter contents in particular always meet other objectives of warming up described below.




MOBILISATION


Highly intensive stretching in terms of flexibility training should not be used as part of the warm-up. This is particularly true for passive-static stretching and contract-relax stretching. The term mobilisation is difficult to define, but it is probably best described as loose, extensive movements in all directions of the joints required during the subsequent exercise. The main purpose of mobilisation is the loosening of tension within the muscles. Moreover, the articular cartilage is better supplied with synovial fluid through the wide movements. Moreover, mobilisation exercises sometimes result in a better feel for one’s own body.


CONTENTS


The following contents can be used to mobilise: loose, circular, and/or wide swinging movements of the large joints, such as an arm or forearm circling (384), swinging at the hip joint (205), or circling or flexion and extension of the feet (52 & 74), shot habituation (427), and similar exercises; the spine may be mobilised by means of controlled rotation, or switching between arching one’s back like a cat or forming a hollow back like a horse (23); forms of active-static stretching, such as animals do after having remained in one position for a long time, as well as light forms of bouncing-dynamic stretching.


FACILITATION, INCITING, AND PRE-LOADING


The three concepts of facilitation, inciting, and pre-loading mean different contents although there are clear overlaps. Facilitation means the pre-activation of specific neuronal processes. By performing certain movement elements, the subsequent associated exercise programmes are supposed to be more readily available. If these exercises are rather maximum speed or strength exercises than (submaximal) coordination exercises, one also speaks of inciting. It has been demonstrated, for example, that in maximum strength exercises it is not the first, but the third or fourth attempt which provides the best result. The term inciting, however, still emphasises the neuronal component of this pre-load. Especially in endurance training, there are also intensive pre-loads, which are determined more by metabolic processes. The associated activation of energy provision is much higher than activation through general warming up.


CONTENTS


Often, coordination exercises, for example from the ABCs of sprinting/jumping or throwing imitations, are performed during the warm-up. However, caution should be taken when these are fixed rituals without any supervision by the coach. The risk that technical errors will creep in is very high. If the coach only supervises the main training contents, but not the warm-up, coordination exercises should be kept to the (necessary) minimum in the warm-up and should rather be performed as one of the main training contents. To increase muscle tone, some coaches recommend pre-loading with light weights during the morning of the competition day. Maximum exercise is mainly performed before the competition if there is only one attempt (e.g., in the running events). For example, many 100m sprinters finish their warm-up 10–15 min before the start with a maximum 60m sprint, which is only followed by the direct start preparation. The 400m world record holder Michael Johnson is said to have completed two near maximum 300m runs before a race, which is certainly a load that would be too tiring even for many good athletes. For them, 1–2 150m sprints would be sufficient. Moreover, for throws and horizontal jumps, especially when the competition consists of only three attempts, 1–3 maximum attempts are performed for the purpose of inciting even before the competition. Strength exercises which have a close affinity to the target movement are also used. For example, many shot putters perform a few reactive push-ups (38), explosive squat-extension jumps (82), or, if possible, even some maximum bench-press or squat repetitions (54 & 62). To take advantage of inciting effects in further training, it is also useful to integrate stabilisation exercises or part of the trunk-strength training (41–47) in the warm-up.


PSYCHO-COGNITIVE PREPARATION


The warm-up alone has an effect on the central nervous system. Usually it results in an increased state of wakefulness, but may also have a positive effect on over-excitation and states of inhibition. Increased alertness (vigilance) fosters technical learning processes and coordination performances. Special psychoregulatory assistance can also be used in the warm-up.




5.2COORDINATION: FORMS OF GAMES AND EXERCISES


5.2.1GAMES AND SKILL EXERCISES


Major games (also called sports games or game sports) are games with strict rules prescribed by a governing body and performed within a league system. In athletics training, they are used for the versatile and playful improvement of coordination, endurance, speed, strength, and flexibility.


Minor games are simple games with variable rules. Many of them are also mentioned in the discipline-specific part of this book. Especially in children’s athletics, they are an excellent form of exercise to develop the fundamentals of athletics. Often, they can also be used in many ways for coordination training.



1[image: ]Major games: Football, field/indoor hockey, volleyball, etc.





[image: figure]




Execution/Variations: Besides the game itself, non-athletics prerequisites, such as catching, dribbling (with one’s hand, one’s foot, or a racket), should be practised in a playful manner to improve general playing ability; for rules, execution, variations, lead-up games, and exercises, etc., please see the respective special literature.



2[image: ]Skill relays
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Execution/Variations: All relay forms, in which, for example, an object is carried and balanced (e.g., a ball on a spoon); a ball is dribbled, the athlete crawls or climbs over, under or through something; gymnastics elements and many other skills may also be included.


If exercises from the ABCs of sprinting or jumping (see chapters I–5.4.6 and II–1.3.8) are greatly varied, they will promote coordination in a versatile way:




•with circling one arm forward while circling the other one backward; with moving one arm up and down while moving the other one back and forth; with changing the position of one’s arm as indicated by the coach;


•moving forward/backward; also in rapid succession: three steps or jumps backward, three steps sideways, three steps forward, etc.;


•throwing balls to each other while performing partner exercises;


•with eyes closed; or


•to the beat of different music.



3[image: ]Pirouettes and rotational jumps
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Execution/Variations: Pirouettes on one’s heel or on the ball of one’s foot; rotational jumps with one- or two-legged take-off; from or onto a trampoline; with quarter, half, three-quarter, complete, or even more turns; landing with both legs if possible; rotations while running; rotations and straight-line sprint alternately; all variations while holding something in one’s hands or with eyes closed.


 


5.2.2GYMNASTICS AND CLIMBING



4[image: ]Balancing
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Execution/Variations: On all fours, while walking, running or sprinting; on a line, a jumping rope, balance beam, one or two bars, and on a normal standing, inverted, inclined, declined, and/or on a gym bench standing on a soft floor mat (wobbly ground), etc.; with additional tasks: climbing over something, throwing the ball high into the air or dribbling it, eliminating arm actions (e.g., by holding a ball above one’s head.), with turns, small jumps, with eyes closed, with head movements, with oncoming traffic on the bench, etc. (see also sensorimotor strength training in chapter I–4.3 and wobbly stands, 50).





5[image: ]Side vaults, leapfrogs, tuck jump, and split jump
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Execution/Variations: Side vaults over a gym bench; leapfrogs over small boxes, over partners, or over a vaulting buck; rabbit hops (two-legged take-off from the squat position to a position supported by the arms, lifting of the legs and moving them forward in a tucked position between the hands); at first side vault over, then jumping onto and landing on a transversely positioned large gym box in a tucked or split-leg position; at first from a standing position, then from a run-up over a springboard, then tuck jump and split jump over a large gym box (for the tuck jump initially transversely, then longitudinally positioned; for the split jump initially longitudinally, then transversely positioned); assistance: supporting grip on the upper arm by two helpers behind the box.
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6[image: ]Rolling about one’s longitudinal axis
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Execution/Variations: For strengthening the trunk with raised arms and legs; also as so-called tree-trunk rolling: several teammates lie side by side, while another teammate lies crosswise on the first ones, the lower teammates roll in one direction transporting the upper one.



7[image: ]Rolling forward and backward about the transverse axis
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Execution/Variations: Back swing as a preparatory exercise for both rolls: in a squat position, head toward chest (“look at your belly”) and hold knees, roll back over round back onto shoulders and forward again into squat stand (for backward roll also with slight hand support during the backward swing, as well as start from a standing position and sitting down backward); forward roll initially in slow motion: put hands onto the ground, move head toward chest and put head onto the ground, extend legs, roll; then faster up into a standing position; later as jump roll (from springboard/trampoline; over an object or through tires); backward roll initially on an inclined surface downward, later with stronger push of the arms, initially into squat support, later up into handstand (8).





8[image: ]Handstand (and walking in handstand position)
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Execution/Variations: Initially from a squatting position into a fleeting squat handstand; then handstand against wall with belly facing the wall followed by a short-time push-off of the feet from the wall into handstand.




[image: figure]




From a large gym box (see picture) swing up a leg, followed by the other leg into handstand; handstand with two helpers (bracket-grip on the thigh); for learning the downward roll: swing up into the shoulder stand, then roll downward into the squat stand; perform handstand in front of a soft floor mat and roll downward onto the mat; perform handstand and slow downward roll assisted by teammate.




[image: figure]




Handstand from a walking approach, from a squat or from a split position; walking in handstand position on the partner’s feet; walking in handstand position with slight assistance; later forward or backward, as well as uphill or downhill; rotations about the longitudinal body axis while in the handstand position.





9[image: ]Cartwheel and round-off
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Execution: In the cartwheel, both hands and both legs are put onto the ground one after the other (verbal accompaniment: “cher-ry ice-cream”), the legs remain spread in the air and the movement ends in the stride position; in the round-off, both hands and the feet are each put onto the ground almost simultaneously, the legs are brought together in the air for a fleeting handstand, and the movement ends in a standing position with closed legs.


Variations: Preliminary exercises: Scissors handstand (handstand with [repeated] scissoring movements of the legs), scissors handstand with ¼ rotation about the longitudinal axis, scissoring handstand with hand support similar to that in the cartwheel; cartwheel on a line (along an upright positioned gym mat), cartwheel from a run-up and preliminary skip; initially slow round-off with hand support on the upper element of a gym box with deliberate closing of the legs and rotation of the hips in the handstand position (with securing/assistance at the hip); increase in the dynamics of the round-off; round-off with subsequent reactive and powerful take-off from both feet; later, for example, followed by flic-flac (see also round-off over bar specific to the pole vault, 368).


End of round-off with transition to flic-flac (14):




[image: figure]







10[image: ]Underswing (glide and shoot) on the horizontal bar
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Execution/Variations: Underswing initially with preliminary swing of one leg (and closing the legs in the air) for distance over a low rope, then over a high rope, finally from the stand with both feet side by side; assistance: carrying grip under the shoulder blade and the thigh, during the landing, the helper quickly moves his/her hand from the thigh to the belly or upper arm to prevent the exerciser from falling forward.




[image: figure]





11[image: ]Upswing and circle on the horizontal bar/parallel bars
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Execution: The upswing (onto the chin-high horizontal bar) is performed from a standing position, while the circle is performed after a backswing from the support.


Variations: A prerequisite for the upswing and circle is the over-rotation (40); upswing with the assistance of a partner and/or the assistance of a device: a small or large gym box is placed in front of the gymnast, who with one leg pushes himself/herself upward off of this box; initially upswing with preliminary swing of one leg and bending of the legs when rotating around the bar; later with straight legs and/or as a pull-up from the parallel stand without preliminary swing; initially circle with rope assistance, then also with bent legs and assistance.




Upswing:
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Circle:
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12[image: ]Forward turn and backward turn on the parallel bars



Execution: The forward turn is performed after a forward swing while the backward turn is performed after a backward swing.


Variations: A prerequisite of the turn is swinging on parallel bars (39); preliminary exercise for the forward turn: scissoring to the sitting position on the bar; preliminary exercises for the backward turn: backward tucked turn from the half-high box into the space between the bars, then backward turn at the end of the parallel bar over a loose cord extending from the bar, then backward turn over the declined bar (both bars are lower behind the athlete’s back); assistance on the landing side: the assistant grips the exerciser’s upper arm on the landing side and also supports him/her below the centre of gravity; both exercises are first performed with intermediate tucking movement, later with straight legs.


Forward turn:
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Backward turn:
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13[image: ]Backward roll into the handstand
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Execution/Variations: Preliminary exercise: rolling backward from the squat into the shoulder stand and placing the hands onto the ground; then from the squat into the handstand with assistance by two strong partners; reduce assistance, increase the active stretching of the hip and trunk, and start from a standing position; later as straight arm backward roll with arms placed on the ground.
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14[image: ]Front handspring and back flip



Assistance during front handspring:
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Assistance during back flip:
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Execution/Variations: For learning the front handspring, the exerciser first swings upward into the handstand, and then two helpers slowly carry him/her through the flip; handspring from a walking approach on a gym box onto a soft floor mat assisted by two helpers; then increasingly faster and from an initial skip; gradual reduction of box height and assistance; for learning the back flip, the exerciser is initially assisted while lowering down from the sitting position on a large gym box backward into the handstand; then he/she is slowly carried through the flip by two helpers; preliminary exercises for the backward lowering down: arm swing and backward takeoff with whole-body (over)extension (e.g., vertical jump backward with landing in supine position on a high soft floor mat); then back flip assisted by two helpers from a slightly heightened inclined surface (e.g., inclined trampette) onto a soft floor mat; then back flip on a long, slightly inclined surface; finally, back flip on flat surface with gradually reduced assistance; later as part of movement combinations (following a round-off) and increasingly faster; assistance in the form of a carrying grip each at the thigh and back (with the front handspring, the grip is rather at the shoulders, with the back flip rather at the lumbar spine).


Front handspring:
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Back flip (here following a round-off, 9):
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15[image: ]Upstarts (kips) on the horizontal bar, uneven bars, and parallel bars
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Execution/Variations: Preliminary exercise: First two-legged, then one-legged cast forward (see sketch on the left); first as upstart from hanging and lying position under the bar with a great deal of assistance (e.g., from a lying starting position on the lower bar of the uneven bars while gripping the upper bar, shins to the upper bar, and with a great deal of assistance through the upstart movement); possibly with a great deal of assistance as a running upstart on shoulder-high parallel bars or the horizontal bar; then as a floating upstart; reduce assistance; later as long-hang upstart from swinging on the high bar; additional assistance on the other side of the horizontal bar for better support of the final phase of the upstart.




Start of the running upstart on the horizontal bar:
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Assistance:
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Floating upstart on parallel bars:
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16[image: ]Forward and backward somersault



Forward somersault from run-up over a springboard:
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Execution/Variations: Forward somersault: At first, dive forward roll from run-up, over trampette onto mat pile; then somersault from a standing position with the assistance of two helpers: rotation-bracket grip on upper arm close to the shoulder (in the starting position, the exerciser’s arms are behind his/her body); then from dive forward, roll onto mat pile to somersault onto increasingly low, soft floor mat; replacement of trampette with springboard (possibly with assistance: two helpers are placed at the beginning of the landing mat facing each other, they support the exerciser’s belly with their near hand while supporting the rotation with the other hand at the backside of the shoulder; to secure the landing, they switch their hands: from belly to lumbar spine and from shoulder to belly); finally without supporting the take-off; backward somersault: initially backward-curl and extension exercises (e.g., backward and downward roll from the supine position on a box, or backward rotational swing, over-rotation, and return on the rings, 40); then (wall) somersault from a standing position with two helpers: rotation-bracket grip on upper arm close to the shoulder; then from a standing position downward from a trampette, with two helpers: waistband grip (an elastic band, which is wrapped around the exerciser’s hips, may be gripped); then backward somersault dismount from swinging rings (see also 35); then reduction of take-off support and assistance during the backward somersault from a standing position; initially from slight elevation (caution: beware of the habit of jumping backward); later, following a round-off or back flip; both somersaults also on trampoline.


Assistance for the backward somersault:


Rotation-bracket grip on the upper arm:




[image: figure]




Waistband grip:




[image: figure]




Carrying grip:




[image: figure]






Backward somersault dismount from swinging rings:




[image: figure]




Assistance:




[image: figure]




Backward somersault from a standing position:


Assistance:




[image: figure]




For pole vaulters, the development of gymnastics skills must be considerably more extensive. See the special gymnastics literature for further methodical assistance with the exercises described and specifically for the development of the free circle and giant circle for pole vaulters.



17[image: ]Climbing and skill course



Execution/Variations: As early as in mother-child sports, varied obstacle courses offer opportunities to gain a great deal of experience with movement and to improve perception ability; the possibilities are almost endless: onto an object, through an object, under an object, over an object, down from an object, etc.





18[image: ]Parkour/freerunning
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Execution/Variations: The objective of this modern trend sport is to get from A to B as quickly or with as much style as possible by clearing various obstacles; elements of parkour/freerunning can be very useful additions not only to coordination, but also to strength and endurance training.



19[image: ](Sport) climbing



Execution/Variations: In nature (e.g., on trees), on a climbing frame, or on a climbing wall; during leisure time or in training; as a day trip or in a training camp; mutual securing as a teambuilding measure.


 


5.3FLEXIBILITY: FORMS OF EXERCISES



20[image: ]Hand between shoulder blades
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Muscles: Broad back muscle (latissimus dorsi) and elbow extensor (triceps brachii)


Execution: The supporting arm pulls the other arm into the stretch position.


Variations: Shaking hands behind one’s back (one upper arm is pointing upward, whereas the other one is pointing downward); when using the active-dynamic alternative, the arm is swung freely to the position at the back of the head.





21[image: ]Chest exercises
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Muscles: Chest muscles (pectoralis) and the front part of the delta muscle (deltoideus); in the exercise presented in the middle also broad back muscle (latissimus dorsi)


Execution/Variations: The chest muscles are moved into a stretched position with the assistance of a partner or through passive resistance; active, free (slightly bouncing), backward movement of the arms at shoulder height while standing.



22[image: ]Lateral trunk flexion
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Muscles: Lateral abdominal muscles, broad back muscle (latissimus dorsi), and other muscles


Execution/Variations: Also with legs uncrossed or in a knee-stand position.



23[image: ]Back exercises
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Muscles: Different parts of the back extensor (erector spinae), and other muscles


Execution/Variations: a: hunchback; b: twisting of the hip and shoulder axis (also see hurdle-specific variation, 204); c: arched back, for mobilisation alternating with d: hollow back.



24[image: ]Glute exercises
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Muscles: Mainly uni-articular hip extensors (glutes)


Execution/Variations: Exercise on the right can also be performed in a standing or one-sided knee-stand position (25).





25[image: ]One-sided knee stand
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Muscles: Mainly uni-articular hip flexors (iliopsoas and tensor fasciae latae)


Execution: Push your hips forward and downward while avoiding hollow back.


Variations: Also with lifted rear knee (lunge; see 26).



26[image: ]Exercises for the front-thigh muscles
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Muscles: Muscles of the front side of the thigh (mainly quadriceps)


Execution/Variations: In a standing position, one-sided knee-stand position, or lying position; if possible, use both hands to move your foot into the stretched position; brace your abdominal muscles.



27[image: ]Exercises for the back side of the thigh muscles
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Muscles: Muscles of the back side of the thigh (hamstrings)


Execution/Variations: In a standing or lying position; with maximal flexion at the hip joint (see second picture from the right), or maximal extension at the knee joint; also with the assistance of a partner who fixes the lower leg to the ground while moving the upper leg into the stretched position.





28[image: ]Adductor exercises
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Muscles: Adductors of the hip joint


Execution/Variations: While standing, squatting, or sitting; the back is kept straight.



29[image: ]Calf-muscle exercises
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Muscles: Calf muscles (triceps surae); with bent legs, mainly soleus muscle Execution/Variations: The rear leg, which is either in bent or extended position, is stretched.


 


5.4STRENGTH: FORMS OF GAMES AND EXERCISES


5.4.1PLAYFUL STRENGTH TRAINING IN CHILDREN’S TRAINING AND BASIC TRAINING



30[image: ]Jousting and scuffling: Chicken fight
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Muscles: Leg extensors and trunk muscles


Execution: Limping on one leg, push one’s opponent out of a certain zone; using one’s arms is not allowed.


Variations: Hands behind one’s back or crossed in front of one’s chest.





31[image: ]Jousting and scuffling: Medicine-ball wrestling
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Muscles: Leg extensors, trunk, and arm-pull muscles


Execution: Draw one’s opponent out of a certain zone, or take the ball away from him.


Variations: While gripping hands, pulling on a rope, etc.



32[image: ]Wheelbarrowing
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Muscles: Wheelbarrow: Chest muscles (pectoralis), elbow extensor (triceps brachii), front part of the delta muscle (deltoideus), and abdominal muscles; pusher: extensor loop, grip muscles, and other muscles


Execution/Variations: Carrying the thighs makes running on hands easier; over obstacles, for time/speed, by bouncing up from the ground with two hands simultaneously.



33[image: ]Building pyramids
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Muscles: Various, depending on the type of pyramid


Execution/Variations: Observe falling height and injury risk (but don’t use a soft floor mat due to instability); possibilities increase with improving gymnastics skills and holding strength.




[image: figure]







34[image: ]Bench carrying
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Muscles: Delta muscle (deltoideus), elbow extensor (triceps), trunk muscles, and other muscles


Execution/Variations: Move bench from one side to the other; lying back, getting up, sitting down, running, etc., with bench over head.


The forms of brachiating, climbing, swinging, etc. presented in the following may also be playfully integrated as simple strength exercises into (children’s) training.


 


5.4.2STRENGTH EXERCISES USING ONE’S OWN BODY WEIGHT



35[image: ]Hanging and swinging
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Muscles: Elbow flexors (biceps brachii), large back muscle (latissimus dorsi), hand muscles


Execution/Variations: Also on horizontal bar, trapeze, or the rings (here also with half or full turn at the end of the forward and/or backward swing); also in the inverted hanging position (angled or extended); swinging from box to box, also as part of a story (“Over the shark or crocodile pool”, “Board the pirate ship!”).






[image: figure]





36[image: ]Rope climbing and pull-ups
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Muscles: Elbow flexors (biceps brachii), large back muscle (latissimus dorsi), hand muscles, and other muscles


Execution/Variations: Also on climbing pole or horizontal bar; climbing in inverted hanging position, particularly for pole vaulters; pull-up on the horizontal bar, etc.



37[image: ]Brachiating
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Muscles: Large back muscle (latissimus dorsi), chest muscles (pectoralis), hand muscles, and other muscles


Execution/Variations: Later omit several bars during brachiating; brachiating also on the horizontal bar or high parallel bars; brachiating in the inverted hanging position (for advanced athletes; see picture on the right).





38[image: ]Push-ups
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Muscles: Chest muscles (pectoralis), elbow extensors (triceps), front part of the delta muscle (deltoideus), abdominal muscles, and other muscles


Execution: Ankle joint, knee, hips, shoulder and head form a line; no hollow back.


Variations: Hands close together or far apart; make it easier by placing knees on the ground and bending the knees, or standing tilted forward against the wall; on fingertips for finger strengthening for the crouch start; with very dynamic push-off from the ground and clapping of the hands; with hands on vibration platform.



39[image: ]Supporting and swinging on the parallel bars
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Muscles: Chest muscles (pectoralis), broad back muscle (latissimus dorsi), delta muscle (deltoideus), elbow extensor (triceps), and other muscles


Execution/Variations: Initially move forward with the arms in supported position (above right picture), move hands forward alternately or by small jumps; move forward in the supported position while swinging the legs: push up on the bar, swing forward, place feet onto the bars in front of you, shift support of the hands forward over the support of the legs, swing forward again, etc.; swing forward and backward (see pictures on the left), initially with breaks in the push-up position (feet on the bars); swinging is done from the shoulders (hip is kept straight); later: backswing up to handstand; move vertically up and down in the arm-support position (dips; below right), initially also supported on a small box behind your back or with hands on a vibration platform; also possible on a specific strength-training machine.





40[image: ]Backward rotation to tucked inverse hang, over-rotation, and return on rings, parallel bars, and horizontal bar
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Muscles: Chest muscles (pectoralis), broad back muscle (latissimus dorsi), delta muscle (deltoideus), hand muscles, and other muscles


Execution/Variations: Rings, parallel bars and horizontal bars initially just below reaching height; Backward rotation from a standing position is easier than from a hanging position; slow movement execution during the over-rotation (only so far that the return is still possible) and return; start backward rotation from a hanging position with a counter-swing.


Here, rockbacks (366) and cloud shifters (367) should also be mentioned, which are specific exercises for the pole vault. Nevertheless, these exercises are good whole-body strengthening exercises for jumpers, throwers, and sprinters, too.



41[image: ]Stable prone position
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Muscles: Abdominal muscles, and other muscles


Execution/Variations: For all stable positions: Lift your foot; move raised leg upward, downward, to the left, and/or to the right, pull up your leg to the side, or circle it; move your hips up and down or to the left and to the right; while doing all this, vary or increase the speed of movement; support yourself on your hands; with feet on fitness ball or vibration platform; with hands on medicine ball or vibration platform; as so-called sling training with feet or hands in loops on ropes; move into the other stable positions without a break; in the stable prone (and supine) position: arms and legs further apart; lift your arm (and move it); run with your legs to the right and left, open and close your legs by performing a jumping movement, or jump to the right and left with closed legs; combine with push-ups.





42[image: ]Stable position on the side
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Muscles: Abdominal and back muscles, abductors and adductors (depending on the variation), and other muscles


Execution/Variations: See 41; also with hand on the hip or extended toward your head; only upper or lower foot on the ground; bend your free leg and swing it back and forth, or perform gripping running movements with it; also opposite to arm movement: arm over head and knee to the back, knee forward, and elbow to knee.



43[image: ]Stable position on the back
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Muscles: Back muscles, hip extensors, and other muscles


Execution/Variations: See 41; also inward and outward rotated foot; place shoulders on the ground and lift hips with knees bent at right angles, straighten legs alternately; place shoulders on the ground and lift hips with straight knees, while doing so also lift one leg and move it into the take-off position.



44[image: ]Abdominal crunches
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Muscles: Abdominal muscles, hip flexors, and other muscles


Execution: Lift your shoulders and pelvis while lying on your back (see below on the right); when performing this exercise dynamically within one set, do not move your shoulders or hips completely to the ground if possible.


Variations: The further the arms are away from the pelvis, the higher the intensity; elevating the legs excludes hip flexors; possibly deliberate fixation of the feet to also train the hip flexors as synergists; also belly punches with tense abdominals to increase intensity (77).






[image: figure]





45[image: ]Lumborum exercise
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Muscles: Square lumbar muscle (quadratus lumborum), back and oblique abdominal muscles, and other muscles


Execution/Variations: Perform exercise on a mat or on a large box; the further the arms are away from the pelvis, the higher the intensity; with rotation (see pictures below); particularly when lying on a large box, advanced athletes can use additional weights.





46[image: ]Back exercise on a box
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Muscles: Back extensors (erector spinae), hip extensors (glutaeus and hamstrings), and other muscles


Execution/Variations: The further the arms are away from the pelvis, the higher the intensity (figures a–c); move your extended trunk up and down at the hip joint (not completely down to maintain tension) or roll it up vertebra by vertebra (figure e); keep your trunk lifted and rotate your shoulders about your body’s longitudinal axis (figure d) or bend it to the left and right; hold your extended arms horizontally and form circles with a small weight, which you keep in your hands (move it from one hand to the other in front of your head and behind your back; figure f); fix only one leg to increase intensity (figure a).



47[image: ]Additional hip- and back-extensor exercises
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Muscles: Back extensor (erector spinae) and hip extensors (glutes and hamstrings), and other muscles


Execution/Variations: While in prone position, lift your extended arms and legs and open and close them; while in prone or quadruped position, simultaneously lift one arm and the diagonally opposite leg (alternately; also with partner exerting pressure to increase intensity (77)); similar on a large box: alternate lifting and stretching of a leg (with or without additional weights); while in prone position on a large box: lifting of the extended or bent legs from the hip joint; while holding the back as flat as a table in knee-stand position; in quadruped position also raise leg to the side for strengthening the glutes (for intensification extend your leg at the highest point).






[image: figure]





48[image: ]Flexors by frontward tilt
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Muscles: Knee flexors (hamstrings and gastrocnemius), hip extensors (hamstrings and glutes), and back extensor (erector spinae)


Execution/Variations: Tilt slowly forward (at the knee joint), keep your hips straight, either reverse the movement as late as possible, or continue the tilt movement as slowly as possible and catch yourself with your hands.



49[image: ]Walking lunges and jumping lunges
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Muscles: Knee extensors (quadriceps), hip extensors (hamstrings and glutes), and other muscles


Execution/Variations: Initially without, later with weight; on different surfaces (e.g., sand); walking lunges: while rising, lift the foot of the swinging leg over the knee of the supporting leg; tilt forward and perform a wide reaching-out movement with your lower leg into the next lunge (without pushing your knee over the tip of your foot); lateral variations (e.g., stepping sideways in the deep squat position); jumping lunges: either by jumping upwards over the front leg forward or in place: jump out of the lunge upwards, perform one ankle jump (84), and jump into the next lunge (switching legs); skating jumps: while moving forward on the 100m straight, the athlete jumps diagonally forward to the left and to the right between the boundary lines.




Just as the intensity of the walking lunge and other exercises can be increased by an additional weight, some of the barbell exercises, such as squats, can initially be performed without weight, particularly during the technical development.



50[image: ]Unstable ground
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Muscles: Foot and calf muscles, and other muscles


Execution/Variations: Knee-lift stand or, for example, squat (62) on a gel pad, wobble board, Posturomed, soft floor mat, etc.; ABCs of sprinting/jumping, slalom runs, or tag games in the sand or on a soft floor mat.



51[image: ]Walking variations
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Muscles: Foot and calf muscles, and other muscles.


Execution/Variations: Walking on the heels, the balls of the feet, the outer or inner edges of the foot; with pronounced rolling-off (and rising up onto the toes); with rolling-off up to the knee-lift stand on the tip of the toe; on different surfaces (Tartan, grass, sand, etc.).



52[image: ]Toe exercises
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Muscles: Toe muscles


Execution/Variations: Grab various objects; alternately clench and extend your toes; crawl with your toes in the sand.


 




5.4.3TRAINING WITH A BARBELL OR DUMBBELL



53[image: ]Hand and forearm strengthening
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Muscles: Finger and arm muscles (especially for throwing events and pole vault)


Execution/Variations: Lifting a barbell using the under- or overgrip; squeezing a tennis ball or a hand strengthening device.



54[image: ](Inclined) bench press
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Muscles: Chest muscles (pectoralis), elbow extensor (triceps brachii), front (and the higher the bank at the top end, the more also the upper) portion of the deltoid muscle


Execution/Variations: Lower the barbell to the chest (without touching it) and lift it up just before your elbows are straight (no full extension with loss of tension); later also as inclined bench press with the top end of the bench elevated (shot-put-specific) or with the top end of the bench lowered (declined bench; maximal stress on the chest muscles); if performed with dumbbells, the demands on coordination and shoulder stabilization are increased; also on specific strength-training machines.



55[image: ]Butterfly



Muscles: Chest muscles (pectoralis), anterior portion of the deltoid muscle, elbow flexor (biceps brachii)




Execution/Variations: Do not lift your arms all the way up to the vertical position; also on specific strength-training machines.




[image: figure]





56[image: ]Shoulder press
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Muscles: Elbow extensor (triceps brachii), deltoid muscle, upper portion of the trapezius muscle


Execution/Variations: Lower the barbell to the chest (see pictures on the left) or to the neck (see picture on the right), lift the barbell until your elbows are almost straight (no complete extension with loss of tension); if performed with dumbbells, the demands on coordination and shoulder stabilisation are increased; also on specific strength-training machines; training of the deltoid also by lateral lifting of the arms or on a special deltoid machine.



57[image: ]Pull-overs
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Muscles: Mainly broad back muscle (latissimus dorsi) and elbow extensor (triceps brachii)


Execution/Variations: If possible, do not perform the movement in such a way that you reach a vertical upper-arm and extended elbow position in order to maintain the tension of the muscles involved during the whole range of motion; also without barbell but with weight plate between hands; to make training more specific for the javelin throw (and more complex), the buttocks can be slightly lifted during the backswing; for pole vault work with straight arms; very specific for the javelin or pole vault also with dumbbell in one hand and/or without support surface for the (upper part) of the trunk; also on special strength-training machines.




[image: figure]





58[image: ]Bench pull
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Muscles: Trapezius, rhomboid muscle, broad back muscle (latissimus dorsi), back portion of the deltoid muscle; if performed without support surface for the trunk (see pictures on the right), also back extensor (erector spinae), and hip extensor (glutes and hamstrings)


Execution/Variations: Lower the barbell until your elbows are almost straight (no complete extension with loss of tension); if performed with dumbbells, the demands on coordination and shoulder stabilization are increased.



59[image: ]Reverse butterfly
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Muscles: Trapezius, rhomboid muscle, broad back muscle (latissimus dorsi), back portion of the deltoid muscle, elbow extensor (triceps brachii)


Execution/Variations: Lateral raising of the arms in prone position; also with inward rotated palms; also on a special strength-training machine.





60[image: ]Running arm swing
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Muscles: Mainly muscles of the shoulder joint


Execution/Variations:  Also  while  holding rounders balls, nockenballs, or similar objects in one’s hands.



61[image: ]Calf exercise
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Muscles: Calf muscles (triceps surae)


Execution/Variations: On one or on two legs; initially without weight; on the balls of the feet, for example, on a bench, the top element of a box, or at wall bars; also on a special strength-training machine; also with bent legs on the appropriate machine (or with weights, or with partner on knees) to specifically train the uni-articular area (soleus).



62[image: ]Squats



Muscles: Knee extensor (quadriceps), hip extensor (glutes and hamstrings), back extensor (erector spinae), and other muscles


Execution/Variations: Squats differ in terms of holding the barbell [a: standard squat; b: frontal squat, resulting in slightly less stress on the lower back muscles; c: deadlift, with additional stress on the arms, shoulders, and neck; d: snatch squat as a preparation for the snatch (64), cannot be performed with very heavy loads], in terms of lowering depth [a, b, and d: full squat; c and h: half squat; e and f: quarter squat; a small box or the like (see e), can be used to standardise the lowering depth and increase security], and whether they are performed with both legs (a-e) or one leg (f: stride squat; g and h: one-legged squat with free leg in front of or behind one’s body; i: step-up, also with moving the swinging leg at increased horizontal speed forward against a wall; one-legged squats place increased demands on the stabilisation of the pelvis, especially g and h); also as a guided one- or two-legged leg press (j; backrest reduces stress on the lower back, but at the same time makes the exercise more nonspecific); also with isolated hip extension as so-called “good mornings” (k: high stress on the lower back and hamstrings; [lower] spine is always kept straight).
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63[image: ]Weightlifting techniques: clean and jerk
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Muscles: Complete extensor loop, as well as many other muscles of the shoulder girdle


Execution: At first, clean (see the first five pictures below), then jerk (see the last four pictures below): from the lunge (next-to-last picture below), the front leg is extended and moved backward, only then the rear leg is moved forward; with low weights, the barbell can be lowered and caught at the waist, with high weights, the barbell is dropped from the high holding position in a controlled way.


Variations: Clean and jerk are also trained individually, performing several repetitions without rest; to work only at the joint angles typical for athletics, the movement is often begun only above the knee; as a preliminary exercise (narrow pull), the movement is only up to the third picture below, after which the barbell is caught at the hip; also as neck jerk with ankle jumps in stride position (see left).




[image: figure]





64[image: ]Weightlifting techniques: snatch



Muscles: Complete extensor loop, as well as many other muscles of the shoulder girdle; since in the snatch lighter weights are moved across a greater amplitude, this exercise is more speed-strength-oriented than the clean (63).
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Monday

Trunk stabilisation
exercises and belly
cunches

(15 min)

with numerous dynamic
variations

Acceleration runs
(5 min)
2 repetitions barefoot

ABC of sprinting
(15 min)

Acceleration runs
(5 min)

2 repetitions wearing
spikes

Ankle jumps
(5 min)
5 x 6 repetitions.

Sprints from the starting
block

(35 min)

3 10m with individual
correction, as well as
maximal sprints over 20,
30,40, 50, and 30m
against each other

Game
(20 min)
e, soccer of basketball

Tuesday

Low intensity (LI)
warmup runs

(5 min)

5x80m,

est: 20 sec.

Practising the shot-put
technique

(45 min)

including specific
warm-up, puts from

a standing position,
establishment of
competition technique
(glide technique,
scissor-step technique,
or rotational technique)

Practising the high-
jump technique

(45 min)

including specific
warmup (e.g, skipping,
slalom sprints),scissors,
and flop jumps from
competition run-up

11 tempo run
(5 min)

1x 120m at maximal
speed

Wednesday

Warm-up running

(5 min)

including am circling,
rotations, etc.

Practising the discus-
throw or javelin-throw
technique

(45 min)

including specific warm-
up, standing throws,
development of 6/4
tum or long run-up

Weightlifting
techniques

(20 min)

technical development
with broomstick or very
light barbell; whereas in
previous mesocycles the
focus was on the squat
and the clean, the focus
is now on the snatch

Fartlek
(15 min)

extreme variations of
intensity, high stress
Stretching

(15 min)

whole body

Thursday

Rest

iday

Warm-up running
(5 min)

back and forth across the
whole area

Acceleration runs
(5 min)
3 repetitions.

Practising the hurdling
technique

(50 min)

including specific
warm-up (eg, ABCs

of hurdling, and slow
running over hurdes at
S-stride rhythm), distance
shortened by one foot

in length, competition
height, up to the third
hurdle

Practising the longjump
technique

(40 min)

including specific warm-
up (e.g, pop-up jumps),
finding a competition run-
up, complete jumps from
aslightly shortened run-
up, stride-jump technique

Saturday

Training in the
individual athlete’s
‘major discipline

U warm-up runs

(5 min)

6x60m,

rest: 15 sec.,

with vaulting pole

Practising the pole-
vault technique

(55 min)

including specific
warm-up (vaults with
straight pole, vaults
with rockback, Jagodin
exercises), finding the
preliminary competition
technique, run-up
length 812 strides
depending on the
indvidual athlete's
technical skills

Gymnastics
(40 min)

(eg, development of a
backward somersault
on a trampoline)

Sunday

Rest

For Saturday,
asample
training for the
pole vault/
combined
events as major
disciplines

was presented.
Alternative
major
disciplines
could be

short sprint/
hurdles; long
sprint/ hurdles;
middle-
distance
running/
steeplechase;
walking;
sprint/
horizontal
jumps; high
jump/ javelin
throw; discus/
shot put/
hammer throw.






