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PART I
INTRODUCTION TO SPORTS TRAINING

The purpose of sports training is to achieve the highest possible sports result for a given individual. Training is efficient if this result is achieved with a minimal expenditure of time and energy. This book is about finding the right training methods and loads for peak performance.

The examples illustrating the principles of training and the methods of controlling it come from sports that most people are familiar with. Further, these examples are presented in such a way as to make it easy to apply the conclusions to any other sport. The methods of controlling the training process that are described in this book do not require complicated equipment and bunches of technicians to apply them in training. The data provided by the most sophisticated scientific equipment is worth only as much as the coach’s understanding of and ability to apply it for desired results. A well-educated coach or sports researcher does not need sophisticated exercise and testing equipment. A sound knowledge of human physiology lets the coach extract relevant information from simple measurements and efficiently control the training process on that basis.

The book is divided into four parts. In this first part the reader will encounter basic concepts and principles, plus the fundamentals necessary for a good understanding of nutrition and how it affects an athlete’s performance. Further, there is a chapter on natural means of recovery from work, whether from one workout or from the months spent getting ready for a competition.





1. Basic Concepts in Sports Training

Sports training leads to morphological, physiological, biochemical, and psychological changes. The character of these changes depends on the volume and intensity of the training, on the frequency and density of workouts, and on other factors defined in this chapter. These factors of training vary depending on the sport, the period of training, and the needs of an individual athlete. The next score of pages contain a good number of definitions of terms and concepts. Reading through these will prepare the reader for the many encounters with these concepts throughout the book. Studying and learning them will pay off in increased understanding.





Definitions

Setting training tasks for an athlete must take into account fundamental rules of training:


	Trainability, the potential to improve in response to training, depends on the age and the pretraining fitness of the individual,

	Recoverability, the ability to resume work after an effort, depends on the quality and quantity of rest,

	Adaptations form rapidly with high-intensity work but such adaptations do not last. For adaptations to last, they have to be formed slowly with a high volume of work.



Volume of training is a sum of physical efforts performed by an athlete during a given workout or week of workouts or during any time interval. Volume of training is commonly measured in hours of exercising, number of repetitions, tons, or miles, but these measures do not give a true picture of the actual work performed by the athlete. Why? Fidelus (1989) gives an example of a workout when an athlete did speed drills, speed-endurance drills, and then worked on aerobic endurance. The speed drills were done at 7m/s (25.2 km/h or 15.75 miles per hour) and the total distance covered was 2 kilometers (1.2 miles). Speed-endurance drills were done at 6 m/s (21.6 km/h or 13.5 mph) for a total distance of 6 kilometers (3.7 miles). The aerobic endurance run was done at 4 m/s (14.4 km/h or 9 mph or less than 7 minutes per mile), for a total distance of 18 kilometers (11 miles). So if one measures volume of work by distance covered, then these exercises would compare like this: 2:6:18. But if work volume is expressed as work output in MJ (megajoule), then it is evident that the most work was done in the speed drills (1.06 MJ), less in the aerobic endurance run (0.51 MJ), and the least (0.26 MJ) in the speed-endurance drills (Fidelus 1989).

Volume of a workout, if expressed in time units, is the total time of the work and necessary rest between efforts, not counting the time spent on organizational matters and the preparation of apparatus and equipment.

When giving the volume of work in any time interval, apart from the amount of work expressed in the tonnage, or distance, or the number of exercises, or the number of hours of a given type of work, the coach should also specify the number of workouts and the number of days with workouts.

The relation between the volume of training work and an increase of ability is not a straight-line one. Research (Mellerowicz 1968) shows that as volume of training goes up, the rate of increase of trained ability is relatively decreasing. This means that the degree of effectiveness of training, or the increase of ability to the volume of training work ratio, constantly decreases. This ratio can be described by a parabola.


[image: Figure 1. Volume of training and increase of ability (Mellerowicz 1968)]
Figure 1. Volume of training and increase of ability (Mellerowicz 1968)



Fig. 1 shows that an untrained individual can experience a great increase of ability with a little training effort. As the level of ability grows, similar training will produce progressively smaller increases of ability. Eventually, increasing the volume of training work alone without changing the intensity will cease to increase the ability at all, or it may begin to decline.

Intensity of training is the amount of work per time it took to do it. Intensity of exercise is commonly measured in meters per second, amount of resistance per repetition, repetitions per minute, or heartbeats per minute. Intensity of exercise (with the exception of speed or strength exercises) can also be expressed as a percentage of maximal heart rate.


Table 1. Zones of intensity according to Farfel (1960)

[image: Table 1. Zones of intensity according to Farfel (1960)]


Examples of efforts of various absolute or physiological intensities (Ulatowski 1981a):


moderate intensity: 20000-meter run, 5000-meter swim, majority of acyclic exercises;

high intensity runs: 3000 to 10000 meters;

submaximal intensity runs: 400 meter, 800 meter, 1500 meter;

maximal intensity: sprints of 100 meters, 200 meters; 110-meter hurdles.



Practically, the intensity of exercise is a ratio of the athlete’s current power output (work output divided by time of work) to his or her maximal power output in a given exercise (Fidelus 1989). Knowing current and maximal power output requires using biomechanical formulas. Another way of describing intensity is to use a percentage of the athlete’s maximal effort intensity. When using this percentage of maximal intensity, the intensity of the exercise is compared to the best performance of the athlete in that event. If measured by this method, the relative intensity of some exercises can exceed 100%. For example, a long-distance runner can do interval training with a speed, and thus an intensity, greater than the race speed. Weightlifters, using different types of muscle actions while holding or lowering the weight, can handle greater loads than the ones they lift normally.

Intensity of a workout can be estimated by adding up the heartbeats during the workout (including all exercises and all rest breaks) and during the first stage of recovery (the first five minutes of a cool-down), then deducting the average resting heart rate multiplied by the time of workout, plus the time of first stage of recovery. In sports in which heart rate accurately reflects intensity of work, this method gives a good idea of the internal load, i.e., how the workout affected the athlete.

Training work of low intensity but high volume leads to slow but steady progress and consistent performance. A high intensity of work brings quick but unstable progress because it can overstrain involved systems, and even if it does not, the total volume of work performed with high intensity is nearly always lower than the volume possible with low intensity. This means a smaller chance for the athlete to gradually develop sufficient adaptation. High volume is needed for big enough changes in the organism, and low intensity ensures that the stimuli are developmental and not destructive. The increase of intensity of training usually happens at the expense of volume and vice versa.

A high intensity of training work, based on a previously done high volume of work, prepares athletes for high sports results.


[image: Figure 2. An example of training load dynamics in a yearly cycle.]
Figure 2. An example of training load dynamics in a yearly cycle.
1—general exercises; 2—sport-specific exercises; 3—competitive exercises (Reprinted from Zbigniew Naglak, Trening Sportowy: Teoria i Praktyka, 3rd ed., 1979, p 103. Courtesy of PWN Warszawa.)




Movement density refers to the amount of time that the athlete is exercising in a workout (not counting rest periods between exercises), per total time of the workout. A workout may have a high movement density and a low intensity if light exercises are done continuously. A gymnastic or weightlifting workout may be very intensive and have low movement density. Briefly: density refers to the work-to-rest ratio in exercises or in a whole workout. Different types of training have a different optimal work-to-rest ratio. For example, in endurance training with low-intensity exercises, the rest break varies from none to equal that of the time of work. In endurance training with high-intensity exercises or in strength training, the rest break can be more than eight times longer than the work (Harre and Winfried 1991). In speed training the rest breaks can be more than twenty times longer than work periods—for example, 2.5-second sprints interspaced with 60-second rest breaks (Chmura 1992).

Duration of a workout is the total time of the workout including the rest breaks between exercises and the time spent on organizational matters and the preparation of apparatus and equipment.

Training load. Volume, intensity, movement density, and duration of the workout comprise the external training load.

Comparing external training loads of particular workouts, one should compare exercises of the same structure and zone of intensity because different exercises of the same work output (volume) have a drastically different internal effect (internal load). For example, lifting a given amount of weight in a back squat is easier than lifting it in a front squat, even though the work output is the same. An athlete may have vastly different maximal results in lifts of similar distance, even in those using the same muscle groups but in a different manner, such as lunges and squats. So in comparing the external load of workouts, compare sprinting with sprinting, running at a given pace with running at the same pace, jumping rope with jumping rope, wrestling fit-ins for a given technique and at a given pace with wrestling fit-ins for the same technique and at the same pace, push-ups to push-ups, and so on.

Of course, while comparing the exercises the duration of rest breaks affecting the movement density must be taken into account too.

The athlete’s reaction to the external load is called the internal load. The internal load is the degree of mobilization of the athlete that is required for certain work. This is reflected by, for example, heart rate, volume of lung ventilation, oxygen uptake, and the concentration of lactate (an ester of lactic acid) in the blood. Regarded as a whole, it is simply the type and magnitude of fatigue caused by training. Although it is affected by each component of the external load, the internal load is difficult to assess. The same external load, applied even for the same athlete but at different times, may cause a different internal load. Keeping a training diary for every athlete with records of all exercises in every workout, an everyday self-evaluation, and frequent tests of pertinent skills and abilities facilitate evaluation of the internal load. Knowledge of both the internal and external load is necessary for planning training.

An increased intensity and volume of workout does not necessarily mean an increased internal load. When the increase in the level of fitness or athletic form is greater than the increase of the load, then the work will be done with lower effort in spite of the increase of objectively measured indicators of work. The internal load is increased when the amount of work increases more than the athlete’s fitness has increased.

According to Georgiev and Semov (1975), in sports in which reactions of the cardiovascular system accurately reflect athletes’ functional state, the internal training load can be estimated on the basis of duration of work, average heart rate, and total amount of heartbeats in a workout.


Table 2. Norms of internal training load according to Georgiev and Semov (1975)

[image: Table 2. Norms of internal training load according to Georgiev and Semov (1975)]


The internal training load can be quantified in relation to the fatigue the athlete shows and the quality of work he or she exhibits (Matwiejew [Matveev] and Jagiello 1997; Platonov 1997):

Very heavy internal training load—lowered work efficiency, obvious fatigue, the athlete is not able to continue the effort; causes increase in an athlete’s training form.

Heavy internal training load—70–80% of the volume of work the athlete is able to perform; this is the phase of hidden (compensated) fatigue; work efficiency is not lowered; stabilizes and improves an athlete’s training form.

Moderate internal training load—40–60% of the volume of work the athlete is able to perform; stable quality of movements; maintains an athlete’s training form and he or she can realize particular training tasks.

Light internal training load—20–30% of the volume of work the athlete is able to perform (that would cause obvious fatigue); maintains an athlete’s training form and can speed up recovery.

Every athlete has an individual critical value of the training load that he or she should not exceed in a workout and in cycles of workouts. Exceeding this critical value of a training load leads to a decrease of athletic form. For example, to increase maximal oxygen uptake, athletes should work until their oxygen uptake reaches its maximum. Beginning runners reach maximal oxygen uptake after 80–100 minutes of a workout, after which the oxygen uptake declines, so the work on it should stop then. Highly trained runners reach that point after 3 hours (Matveyev [Matveev] 1981). Some athletes respond to increased training loads with a proportional increase in results. Those who are close to the limit of their potential respond to a great increase in the load with a very small increase in the results (Wilmore 1976). Some others, usually young or beginners, have a greater increase in the results than in the load (Drabik 1996). The athlete’s ratio of result increase to training load increase should be compared often so as to find optimal load increases for the athlete and to avoid overtraining.

External structure of movement refers to positions of body parts, paths of their movements, velocities of movements, their rhythm, and pace.

Internal structure of movement, also called content of an exercise, relates to functions of the central nervous system, contractions and relaxations of muscles in particular phases of movement, use of inertia, gravity, and reaction forces (Starosta and Handelsman 1990).

Spatial characteristics of exercise, relating to the form of movement in space, are part of the external structure of movement—the positions of body parts and paths of their movements.

The dynamic characteristics of exercise with regard to external structure of movement are velocities of movements, rhythm, and pace. With respect to internal structure of movement, the dynamic characteristics of exercise relate to the character of muscular actions in particular phases of movement.

The pace of movement is the measurement of the repetition of individual movements or cycles of movements per unit of time. “Free pace” or individually stable speed is the pace most convenient for an individual. “Forced pace,” which is any pace that differs from free pace, is more difficult to maintain without an external pace keeper because energy has to be expended both on work and on keeping the pace.

Fatigue means a temporarily lowered ability to work because of disturbed homeostasis as a result of performing this work. Fatigue, if not excessive and if followed by adequate rest and a supply of nutrients, is necessary to get an athlete into good form.

The changes that occur during work (exhausting energy resources, lack of oxygen in the tissues, changes of activity of some enzymes and hormones, impaired thermoregulation, change in pH balance, accumulation of products of metabolism, changes in the central and peripheral nervous system) depend on the type of effort and its intensity. Depending on the type of effort and the changes it causes, there are different types of fatigue—intellectual, emotional, sensory, and physical.

All types of fatigue cannot be evaluated on the basis of only one indicator such as the amount of lactate, for example, or of several indicators that have to do with the same property of the person. Evaluation of fatigue ought to be based on several indicators of the function of the circulatory system, respiratory system, hormonal system, and the central nervous system, plus certain aspects of the athlete’s metabolism (Farfel 1964a). Fatigue is excessive if it does not disappear before the next workout—for example, if the heart rate is still elevated before beginning the next workout (Starosta and Handelsman 1990), or muscles are still sore.

Physical fatigue, caused by muscular efforts, divides into three gradations (Naglak 1979).


	Local fatigue, when using less than 1/3 of all muscles

	Regional fatigue, when using 1/3 to 2/3 of all muscles

	General fatigue, when using more than 2/3 of all muscles.



Fatigue can be acute or chronic. Acute local physical fatigue manifests itself by a decreasing ability to perform work with the affected body part, accompanied by weakness, stiffness, and pain during movements. It can last for several days.

Chronic local physical fatigue gradually decreases precision, coordination, speed, and endurance in movement of the affected body part.

General fatigue, either acute or chronic, affects all the body’s systems, not just muscles.

Acute general fatigue occurs after a single intense effort, such as a race. It lowers the ability to perform work, worsens reaction time, coordination, and precision of movements. An athlete has increased heart rate and body temperature, sweats profusely, has muscle pains, nausea, vertigo, difficulty breathing, can be discouraged and stupefied (Lisewska 1971).

Chronic general fatigue results from resting too briefly after each of several workouts. Initially it may not cause lowering of sports results because of the athlete’s strong will. The symptoms are headaches, sleep disturbances, lack of appetite, loss of weight, muscle pains, heart pains, changes in disposition and reactivity (overreacting or underreacting in response to stimulation), and unwillingness to work (Lisewska 1971).

Overstrain is an abrupt worsening of health and “trainability” resulting from the application of physical loads exceeding the current ability of the athlete. Physical overstrain, like fatigue, can be acute or chronic and it does not usually involve the whole body. Overstrain can be limited to one organ (for example, the heart). A one-time application of an excessive load causes acute overstrain. Repeated application of excessive loads causes chronic overstrain resulting in changes in the athlete’s body, leading to diseases or illnesses of its various organs and systems (Geselevich 1976).

Gradual changes in the structure of tissues resulting from a disparity between the durability of the tissue and a too-frequent application of even moderate stimuli are called microtrauma. No matter how minimally, frequent exceeding of the durability of the elements of the motor system or internal organs leads to an accumulation of the microtrauma and so-called gradual onset injuries (chronic overstrain). For a long time the gradual changes do not interfere with performance and go unnoticed by the coach and even the athlete. Eventually, however, the wearing down will intensify and will cause such symptoms as greater fatigability, pain after effort, and pain in lower temperatures. The aches or pains change their duration and intensity and may be neglected by the athlete. In the end, the tissue will come apart, which means a strain, sprain, or fracture. Microtrauma leading to chronic overstrain can be mechanical (static or dynamic), thermal (heat or cold), or toxic (protracted acidosis). Certain types of overstrain are characteristic for particular sports, for example, changes of wrist and hand bones, and the elbow joint in boxing; knees in basketball, soccer, and hockey; quadriceps and biceps femoris in sprints; muscles of the foot, calf, and Achilles tendon in running (Sidorowicz 1964).

Overtraining is an unplanned and prolonged stagnation or lowering of an athlete’s sport-specific fitness resulting from overstressing the athlete (Israel 1976). Overtraining manifests itself in all functions of the athlete’s body—not just selected muscle groups or other organs—and most prominent are symptoms of dysfunction of the central nervous system, autonomic nervous system, and endocrine system.

According to Prof. Moira O’Brien of the University of Dublin, Trinity College (at the 4th IOC World Congress on Sport Sciences), overtraining affects athletes who want to achieve high results in the shortest time, who either train alone or have amateur coaches ignorant of the methodology of training. Both O’Brien and Prof. Keith P. Henshen of the University of Utah at the 4th IOC World Congress stated that most often it is the overly ambitious athletes who get overtrained (Pac-Pomarnacki 1998).

One of the main causes of pathological occurrences and illnesses in athletes is improper organization and irrational methods of training that lead to excessive overloading, exceeding the abilities of a given athlete at a given stage of training (Geselevich 1976). Bad training may not announce itself right away with lowered sports results, especially with very ambitious and emotionally involved athletes, and thus its initial stage can be missed, allowing for further development of this pathological state, eventually causing an athlete to get seriously ill.

Athletes in the final stage of overtraining (see Overtraining in chapter 17) need medical help and must stop training for up to two months.

Overtraining can be caused by the following:


	—irrational training methods, including mismatching, which can cause frequent losses in competitions;

	—continuous application of intensive, unvarying workouts combined with insufficient or poorly scheduled rest and restoration;

	—participation in a string of competitions where much rides on the outcome; and

	—combining strenuous training with intensive studies, with work in shifts, with conflicts in the family or in the workplace, or with other stresses such as stress at work, financial problems.



Overtraining can occur without a drastic increase of the training load but with an increase of stress (Lehmann et al. 1997; Prokop 1963).

For the same athlete the same external training load at one time may cause improvement in athletic shape and at another time cause overtraining. One of the reasons for this is that apart from training the athlete is subjected to other stresses of life (Zaton 1998). Athletes can facilitate overtraining by adding some self-inflicted stresses such as systematic violations of the principles of nutrition, frequent loss of weight (in order to make weight), disturbing healthy sleep patterns, abuse of stimulants and toxic substances such as tobacco or alcohol, and physical overstrain (Geselevich 1976; Israel 1976).

Based on his research related to adrenal glands and practical sports experience, Ludwig Prokop (1963) gave this rule: optimal training loads are approximately 2/3 of an athlete’s maximal possible training load as long as the athlete is not subjected to additional large stresses. This rule applies to athletes of all sports—runners, swimmers, weightlifters, and so on. The calculation of “2/3 of maximal training load” is to be understood as a combination of the training volume and intensity. If either the volume or the intensity of training exceeds 2/3 of its maximal value too often, the athlete is likely to become overtrained. It may take less than four weeks of irrational training to overtrain athletes (Lehmann et al. 1997).

Apart from a summation of stresses, overtraining may be caused by the monotony of exercises. Stimulating the same ability too often, besides boring and discouraging the athlete, may not allow adequate rest for rebuilding repeatedly used resources, and may result in overtraining (Zaton 1998).

Doing a variety of exercises (speed, strength, endurance), even during one workout, may help prevent overtraining. Varying efforts increase blood flow through internal organs and muscles, activate liver glycogen and use of free fatty acids, and all that helps anabolic processes during rest (Wawrzynczak-Witkowska 1991).

Stress and the training load-to-rest ratio are not the only training-related factors in overtraining. The sequence of different kinds of efforts during a workout or in consecutive workouts is another. Following are examples of right and wrong exercise sequences in single workouts and in weekly sequences of workouts.

In a single workout, after a warm-up, new technique should be practiced before speed drills, and both learning technique and working on speed should be done before strength exercises or fatiguing endurance exercises. Speed or strength exercises should be done before speed-endurance or endurance exercises. Doing otherwise will be counterproductive for technique, or speed, or strength and will extend recovery time as compared to that of a properly sequenced workout in which, after a warm-up, high-intensity efforts such as speed exercises precede lower intensity and longer duration efforts, such as endurance exercises.

High-intensity efforts, such as speed or strength exercises, done before full recovery after fatiguing long efforts such as endurance work, produce more lactate than when speed precedes endurance.

Speed-endurance work such as all-out efforts lasting 15–50 seconds lead to increased acidity of body fluids. Even a single all-out effort of about 35 seconds can raise blood lactate concentration to over 14 mmol/l and impair the function of the central nervous system. Research on soccer players revealed that even a lower concentration of lactate, over 8–10 mmol/l, during a game hinders successful carrying out of tactics, lowers coordination and concentration, increases irritability, and increases likelihood of injury (Chmura 1993). While the concentration of lactate after a speed-endurance workout returns to the initial level after about one hour, the impairment of function of the central nervous system (poor concentration, coordination, reaction time, and judgment) may last up to 16 hours. For this reason, in the case of doing two or more workouts per day, work on techniques and tactics should not be done following a workout that raised blood lactate concentration (Chmura 1993). During a single workout, exercises that raise blood lactate should not be done before practicing technical and tactical skills as well as working on speed or strength.

Excess lactic acid taxes the body’s abilities to restore the proper acid and alkaline balance. Sodium is taken from body fluids and phosphorus is taken up from bones, which causes their demineralization and loss of calcium, and this is detrimental to muscle and nerve function (McArdle, Katch, and Katch, 1991).

A sequence that is good in a single workout may be bad in a sequence of workouts. For example, the following sequence of workouts within a microcycle—speed, strength, speed-endurance, and endurance—stresses the neuromuscular system on the first two days and the vegetative system on the following two days and is one of the causes of overtraining (Naglak 1979).

A healthier sequence would be speed, or speed-strength, or a strength workout, followed by an endurance workout, which is then followed by a day of active rest or complete rest.

There are two types of overtraining: basedowic, with symptoms resembling those of Basedow’s disease, and addisonic, with symptoms resembling those of Addison’s disease (Israel 1976). In basedowic overtraining, also called sympathetic overtraining, activity of the sympathetic part of the autonomous nervous system is increased at rest. In addisonic overtraining, also called parasympathetic overtraining, activity of the parasympathetic part of the autonomic nervous system is increased at rest and during exercise. In the central nervous system, processes of excitation dominate in basedowic overtraining and processes of inhibition dominate in addisonic overtraining (Israel 1976).

The sympathetic system, which mobilizes catabolic reactions for energy production, should dominate during efforts and the parasympathetic system, which mobilizes anabolic reactions for rebuilding the energy stores and body structures, should dominate during rest. A sympathetic system that is overly active at rest keeps an athlete from restoring his or her work capacity. A parasympathetic system dominating at work makes it impossible for the athlete to mobilize her- or himself for intensive efforts (Israel 1976). Cortisol response is decreased and growth hormone release may be increased in an early stage of addisonic overtraining and decreased in an advanced stage (Lehmann et al. 1998). An optimal state of athletic form exists when the sympathetic system clearly dominates at work, the parasympathetic at rest. The greater the spread between them, and the more rapid the change of the dominating system from work to rest, the better.

Basedowic overtraining occurs mostly among athletes in speed-strength sports and can be caused by too high an intensity of stimuli in training and great mental concentration—briefly, by too much anaerobic work (Israel 1976; Maffetone 1994a). Symptoms of basedowic overtraining can occur in nonathletic office workers (Israel 1976)—this information should reinforce the message that sports training is just one of the factors that can cause overtraining.

According to Urhausen, Gabriel, and Kindermann (1995), exercises exceeding an athlete’s anaerobic threshold raise levels of catecholamines (hormones of the adrenal medulla) disproportionately to the increased effort. What’s more, during competitions, because of psychological stress, the ratio of catecholamines to lactate is higher than during workouts. Too great a frequency of competitions, or of exercises that exceed the anaerobic threshold, leads to overtraining (Urhausen et al. 1995).

The other type of overtraining—addisonic overtraining—can be caused by an excessively high volume of aerobic training work (Israel 1976; Maffetone 1994a). This type of overtraining occurs mostly among older, more advanced athletes, usually of endurance sports (Israel 1976; Conconi 1998).

Overtraining can be explained from the point of view of different systems. At the level of the central nervous system, overtraining is a result of an imbalance between stimulating and inhibiting the central nervous system. At the level of the autonomous nervous system, overtraining is a result of an imbalance between activity of the sympathetic and the parasympathetic nervous system. At the level of the endocrine system, overtraining is a result of an imbalance between releases of anabolic and catabolic hormones. At the level of muscle fibers, overtraining is a result of an imbalance between stimulation of slow-twitch (aerobic) fibers and fast-twitch (anaerobic) fibers. An excess of anaerobic efforts overdevelops anaerobic fast-twitch fibers at the expense of aerobic slow-twitch fibers and causes excessive production or poor removal of lactic acid (Maffetone 1997). A high volume of aerobic endurance training may cause overdevelopment of the mitochondria in the muscle cell at the expense of myofibrils, its contractile elements (Israel 1976).

Both types of overtraining are associated with lowered immunity (Israel 1976).

The effects of overtraining, and especially endurance overtraining, can last up to six months but in resistance training long-term overtraining has not been shown; after a period of recovery, athletes restore their capacity for work (Kraemer 1994b). An athlete with symptoms of overstrain and overtraining should be thoroughly examined by a physician because both the overstrain and the symptoms of overtraining can result from acute or chronic illness or disease.

To prevent overtraining the training loads should be increased gradually, especially after periods of low activity, and the athlete should recover fully between heavy workouts. Measuring resting heart rate, observing behavior, and registering muscle pains are means to evaluate recovery (FISA 1993). The indicators of full recovery are normal resting heart rate, good disposition, and no muscle pains.

Rest, its type (content) and amount, must be adequate for the training task. The wrong type or the wrong duration (too short, too long) of rest adversely affects training effect. It may lead to detraining, overtraining, or at least to undesirable changes in the character of the exercise (Matveyev [Matveev] 1981).

Rest can be passive or active. Passive rest means no activity. Active rest means light, fun activity, usually just above the aerobic threshold and well below the anaerobic threshold or onset of blood lactate accumulation. Recovery after intense efforts that generate excess lactate can be speeded up with active rest consisting of aerobic efforts between 30–50% of the athlete’s VO2max. This is because aerobic exercise of the muscles that were not stressed during the previous work helps remove excess lactate. After long aerobic efforts, however, such active rest should not be employed (Wawrzynczak-Witkowska 1991). Active rest is effective even if the same muscle groups are exercised but using different movements. Everyday observation reveals that after a strength workout with squats and deadlifts, a brisk walk or a jog loosens one up sooner than just sitting around, and both the workout and the active rest involve the same muscles.

I. M. Sechenov (in Romanowski 1973) observed that after exercising a muscle group, say finger flexors of the right hand, to complete fatigue, the group recovers more effectively if another muscle group (finger flexors of the left hand, for example) is exercised during a rest break, than if no exercise were done. In the case of fatigue caused by local muscle work, exercising another muscle group does not speed up processes of recovery in the previously exercised muscles but in the motor centers of the brain.

Active rest is not effective after extreme efforts (Naglak 1979). Passive rest is what extremely exhausted athletes need. Recovery proceeds faster, as measured by such physiological signs as heart and breath rate, during passive rest but this type of rest—if used between exercises—causes quicker loss of movement proficiency (Naglak 1979). So, after an all-out effort, an athlete may want to rest passively for a short time but should, as soon as he or she is capable, start moving and move about for the remaining minutes of a rest break.

Recovery of work capacity is not uniform. In the first third of the rest period required for full recovery, about 65% of the whole recovery of work capacity takes place; in the second third, 30%; and in the third part only 5% (Sozanski 1992b). So, within two-thirds of the time required for full recovery, an athlete regains 95% of his or her work capacity and can exercise again with almost no drop in quality of performance.

Regarding the duration of rest between exercises, there are two rules (Naglak 1979): first—the greater the muscular tension during exercises, the longer the rest interval required; second—unfamiliar exercises require more rest than familiar ones with the same external load.

The length of rest and its type (active, passive, using special means of enhancing recovery) determine the effects of the exercise preceding and following it. Here are examples (Matveyev [Matveev] 1981): Brief rest of rigidly set duration, not allowing full recovery, intensifies the effect of the next exercise. Rest sufficient for full restoration of work capability to the previous level permits repetition of the exercise or workout without decreasing or increasing the amount of work performed.

A rest between workouts long enough to permit supercompensation allows an increase in the amount of work in the next workout. Too long a rest may mean the workout begins past the supercompensation phase, when the level of ability is declining again. This is similar to the situation with a rest between exercises during a workout. For example, experiments showed that in team ball games, after a period of intensive activity, 4–6 minutes of rest causes improvement in the quality of tactical actions when a player reenters the game, 9–12 minutes of rest is still beneficial, 15–20 minutes is detrimental to performance, and longer than 20 minutes is the most detrimental (Naglak 1979). One has to be careful in deciding the length of the rest. A rest interval allowing for supercompensation in one ability may be too long or too short for other abilities.

There are two phases of recovery. The first phase—taking from a few minutes up to six hours (depending on the magnitude of effort)—is marked by the heart returning to normal function, the return of blood pH (acidity) to a normal value, normalization of the central nervous system functions, thermoregulation, rebuilding stores of creatine phosphate in muscles and of glycogen in the liver, and the beginning of rebuilding stores of glycogen in muscles. In the second phase of recovery, which takes from six hours to several days, the whole body is completely deacidified, kidneys return to normal function, water and electrolytes are restored to normal amounts, muscle glycogen, triglycerides, and enzymes are restored, and muscle fibers, mitochondria, and other structures are rebuilt (Wawrzynczak-Witkowska 1991).

Adaptation is an improved ability to handle an effort. It is a result of upsetting the homeostasis of an athlete, thus forcing him or her to react. Reaction of a person to upset homeostasis is “excessive”—the athlete reacts more strongly than is warranted because reaction to a stimulus is never perfectly balanced to the force of the stimulus (Prof. Romuald Stupnicki, 1991, “Kortyzol, androgeny, insulina—czyli o endokrynologii wysilku,” interview by Andrzej Pac-Pomarnacki in Sport Wyczynowy [High-Performance Sport], no. 3–4/315–316, pp. 91–95). A reaction in excess is beneficial—without it an organism would not be capable of increasing its resources or, in other words, of adapting. Thanks to that increase of resources, a similar effort can be performed later at a lesser physiological cost or at the same cost but retaining greater reserves (Zaton 1998).

With systematic repetition of a stimulus, a specific pattern of responding to it forms, resulting in an economization of the reaction. This pattern of responding to a stimulus is also the basis for specificity of adaptation. Specificity of adaptation means that an organism adapted to, for example, stimuli of strength training, may react to a stimulus of a different kind as if no adaptation had taken place (Stupnicki, 1991, interview by Pac-Pomarnacki). Economization of reaction to a training stimulus, or adaptation, explains why an athlete at first will make gains, then plateau, and eventually regress using the same training load (Farfel 1964a).

Adaptation to repeated stimuli may include fixed anticipation, in which the athlete reacts to an effort in a way that was learned in previous workouts rather than in a way that is appropriate for the actual demand of this effort (Stupnicki, 1991, interview by Pac-Pomarnacki).1 A fighter who trains and spars very intensely may experience much greater physiological mobilization and mental arousal during a fight than is needed and thus wear him- or herself out.

Adaptation to a given type of effort can be measured by the speed of recovery of the system or organ affected by this effort. Evaluation of adaptation to an effort, just like evaluation of fatigue, ought to be based on several indicators, such as the function of the circulatory, respiratory, hormonal, and central nervous systems, and of metabolism. An extreme concentration of metabolites, a maximal heart rate, or the attainment of maximal oxygen uptake do not always mean an inability to continue work. Adaptation may cause a very specific form of compensation for a given individual. Conducting the training process according to general physiological or clinical norms limits learning about the capabilities of the athlete and violates the principle of individualization of training (Dziasko et al. 1982).

If a training load increases gradually but the athlete’s requirement for rest between workouts has increased, it may mean that the training load has exceeded an athlete’s ability to adapt to it within the current frequency of workouts.

If the training load has exceeded the athlete’s adaptability, then either the frequency of workouts has to be reduced (e.g., increase the number of days between workouts) or the pace of increasing the training load has to be reduced (e.g., mileage, number of reps, sets, or amount of resistance), or both. Here are some signs of exceeding the athlete’s adaptability: soreness, lack of enthusiasm for exercise, poor sleep, not getting up early and full of energy, wanting to stay in bed for few more minutes, irritability.

An athlete is in good health when he or she wakes up happy, energetic, gets up right away, is looking forward to working out, has good appetite, has no cravings for sweets and stimulants. Sometimes it is necessary to work out so hard that the athlete is tired the next day, but this is acceptable only for short periods. More than a few days of pushing the athlete beyond his or her ability to adapt, and thus beyond good health, invites injuries and infections.

Each athlete is the best judge of whether a training load is right. The athlete should note how he or she feels when well rested and healthy and then do workouts in such a way that he or she feels just as well on the days after.

For consistently good results, training loads should be such that an athlete makes progress while not leaving the state of good health for long enough to get sick or injured. (It is possible to make progress while losing health—and not just in the short term. As example, consider athletes who as juniors performed very well thanks to a too-intensive training but never reached their expected potential as seniors because of loss of health and accumulated injuries.)

Training states and training effects. There are training states and corresponding levels of control and training effects. The training states are operational, current, and permanent, and levels of control are also operational, current, and permanent states. The operational training state changes under the influence of a single exercise or series of exercises. The current training state changes under the influence of one or a few workouts and determines training loads for the next workouts. Permanent training states last longer than a few days and are referred to as the state of good athletic form, or they may reveal the effects of undertraining or overtraining. The training effects are, respectively: immediate, delayed, and cumulative.

Immediate training effect refers to the condition of the athlete during and at the end of a single exercise, set of exercises, or at the end of a workout. It manifests itself in functional changes of the quickly responding systems, for example, a raised heart rate or a change in breathing. Observation or measurement of the immediate training effect is needed for correcting intensity, volume, quality, and sequence of exercises in a workout (Wazny 1983).

Delayed training effect is what the immediate training effect transforms into depending on the time elapsed since the workout. Delayed training effect includes rebuilding the body and increased hormonal activity (Wazny 1983). Observations of the changes occurring after a few hours or a few days after a workout are essential for determining the course of the process of recovery because these observations provide data about the increase or decrease of adaptations for particular loads. This lets the coach evaluate the effectiveness of workouts and informs about the direction of adaptive changes between workouts, as well as what abilities are at what stage of recovery (Dziasko et al. 1982).

The cumulative training effect is the result of summing up all the delayed training effects, and it is more stable than immediate or delayed effects. Its evaluation lets the coach determine the influence of the training process over weeks, months, and longer training periods, and it reveals the combined result of the exercises, methods, and loads applied in that time. This evaluation lets the coach verify the tasks of the next period and set the level of adaptive changes that must be reached for fulfilling the demands of the next training period (Dziasko et al. 1982). When all goes well, the cumulative training effect is an increase of skills and abilities. If there are flaws in the training process, the cumulative training effect may result in undertraining or overtraining.

There are certain indicators of a desirable cumulative effect (Geselevich 1976): at-rest frequency of heartbeats and of breathing is lowered, volume of heart is increased, the periods and phases of the cardiac cycle are increased, pulse wave and blood flow are slowed down. These functional changes are most pronounced in those who perform in endurance sports. A lowered intensity of the metabolism permits the athlete’s body to economically use its resources accumulating energy. Endurance athletes balance the processes of stimulation and inhibition of their nervous system. An adaptation to endurance loads can be reliably assessed by measuring maximal oxygen uptake.

In speed-strength sports, such as sprints, an increase of maximal oxygen uptake indicates improved form only for athletes of lower abilities. For top-rated sprinters or other athletes of speed-strength sports, after achieving an optimal level of development of aerobic endurance (maximal oxygen uptake), indicators of anaerobic endurance take on greater importance. With improved form, speed-strength athletes increase the ejection into the blood of androgenic hormones and of hormones of the adrenal cortex. A fast mobilization of all the abilities of the body in speed-strength sports is accompanied by increased activity of the sympathetic nervous system, which leads to a raised level of adrenaline in the blood and to increased activity of the thyroid hormones. Athletes relying on quick reactions experience increased mobility of the processes of stimulation and inhibition (Geselevich 1976).





Classification of Sport Disciplines

Sports disciplines and exercises can be classified according to the structure of the movements (cyclic, acyclic, mixed), the degree of standardization of competitive activity (standard, nonstandard), the type of competition (individual, team), amount and type of contact (varying degrees of contact, noncontact), and the movement ability most stressed (speed-strength, endurance).

In cyclic exercises such as walking, running, cycling, and rowing the movements are rhythmically repeated.

In acyclic exercises such as the techniques of gymnastics, wrestling, boxing, and team ball games, each movement is performed one at a time and followed by different movements.

Mixed cyclic-acyclic exercises such as long jump and high jump have a cyclic phase (prerun) and an acyclic phase (jump).

Standard exercises are those where there is a fixed manner and routine of performing movements. Standard sports are those in which competitive activity consists of standard exercises (track and field, gymnastics, figure skating, weightlifting).

Nonstandard exercises are those without a fixed routine of movements. Nonstandard sports are those in which competitive activity consists of nonstandard exercises performed in constantly changing circumstances (team games, combat sports).

Technical sports consist of acyclic standard exercises. In technical sports form of movement is of utmost importance and endurance or maximal strength are not stressed (gymnastics, figure skating, diving).

Speed-strength sports are those that rely mainly on speed and strength (sprints, jumps, throws, weight lifting).

Endurance sports are those where mainly endurance is stressed (middle-distance and long-distance running, swimming, bicycling). Contact sports are those that permit physical contact (hockey, soccer, team handball, rugby), or are based on physical contact (wrestling, boxing, fencing).

In noncontact sports athletes try to outperform each other without physical contact, competing simultaneously or consecutively (races, gymnastics, archery, chess, tennis, track and field).

Individual encounter sports are those where the contest is between only two individuals (chess, boxing, tennis).

Individual contact sports, also called combat sports, are the individual encounter sports that are based on physical contact (boxing, wrestling, fencing).

Team sports, either contact or noncontact, are those where individuals cooperate within their team to defeat the other team (ball games, rowing crew races).





Methods of Training

There are three groups of training methods.


	Strictly regulated exercise methods

	Competitive methods

	Game methods



1. Strictly regulated exercise methods are the basis of sports training. The exercises used in these methods are easily measurable and can affect mainly individual functions of the athlete, though they can also have a more general effect. Repetition of techniques, or of their elements, in technical training also falls into this group of methods. The training load in these exercises is regulated by resistance applied, amount of work performed, and by their organization in time (work and rest periods). Examples of methods in this group are standard-repetitive, variable, interval, and continuous methods.

2. Competitive methods rely on participation in various competitions depending on the needs of the athlete and the role these competitions have in building athletic form. Some of these competitions may be organized during a workout.

Only competitive methods ensure full modeling of the conditions of competition. The training load in these methods is regulated by the proper choice of opponents, number of starts, duration of bouts or games, and rest intervals. The regulation is much less precise than is the case of strictly regulated exercise methods. Extensive use of competitive methods is recommended for athletes with many years of experience rather than for beginners (Ulatowski 1979). These methods also develop the athlete’s ability to control his or her psychological reactions to the stress of competitions.

3. Game methods either create a favorable emotional background when developing abilities that otherwise would require monotonous work, or are used as a means of speeding up recovery after heavy training or competition. Usually, forms of mobile games are used in these training methods. These games make high physical and mental demands on the athletes but, because of the fun involved, they gladly participate in workouts and more quickly recover their ability to train. They are used in training for all sports, because they require and develop initiative, teamwork, and flexible tactical thinking. The training load in mobile games is difficult to regulate.

The choice of training methods and the type of training depends on the specific demands of the sport, the training tasks for a given training stage, cycle, and workout, and the individual characteristics of the athlete.

Besides the above methods, which are used only in sports training, general teaching methods are used in training too. The general pedagogical methods such as verbal (explanation, incentive, persuasion) and sensory (visual presentation, feedback) are modified to suit the special requirements of sports training. Only those verbal methods that allow for the maintenance of the high movement density of the workout are used in workouts. These are (Kukushkin 1983): verbal control (commands, instruction), figurative explanation (where verbal expressions rely on sensory and movement experiences to invoke a desired image of the action), and self-regulation (where the athlete thinks over the action and carries out orders that the athlete has given to him- or herself).

Apart from traditional sensory methods such as presentation of pictures, models, movies, or personal demonstration, there are methods of directly influencing the athlete in the course of performing the movement. These are visual or acoustical pacing (lights or sounds setting the pace), developing kinesthetic sensations that accompany the proper execution of the technique through performing exercises on simulators or with assistance, and methods of immediate feedback where acoustic or visual signals inform about deviations from either the required mechanical parameters of movement or from the assigned level of specific functions (such as a prescribed heart rate) accompanying the exercise.

Additional methods of training such as ideomotor training, and other forms of mental training are used in special sessions as well as within normal workouts (Nowicki 1997a).

In a process as complex as sports training, there is no method of training that is the best. Only the optimal combination of various methods, selected by taking into account the requirements of the sport, of the individual athlete, of the stage of training, and other circumstances, can ensure the best results.

Within a single workout, more than one training method can be used. For example, after a series of repeating technical or speed exercises (the repetitive method), an athlete may work on aerobic fitness by running continuously (the continuous method).





Types of Exercises

The simplest division of exercises used in sports training is this (Czajkowski 1998b):


	exercises directly applicable in the sports competition;

	those that, while not being directly applicable in the competition, still prepare for it—for example, technical drills or coordination exercises to develop time-space orientation; and

	exercises that prevent injuries and overtraining, or speed up physical and mental recovery.



Exercises that do not fulfill the above requirements are useless and ought to be discarded (Czajkowski 1998b). One such exercise is jumping jacks. There is no technique in sports that is similar to and can be improved by doing jumping jacks, but what is more important jumping jacks can neurologically disorganize a person. Jumping jacks, even for normal persons, can cause regression to an out-of-sync, homolateral pattern of locomotion (left arm swings forward with the left leg, right arm with right leg) and “a vague feeling of confusion” (Diamond 1983).2

In another organizational scheme, sports exercises are divided into four groups: general exercises, directed exercises, sport-specific exercises, and competitive exercises. Boloban (1988) distinguishes also “restorative exercises” such as relaxation exercises, stretches, and breathing exercises. The basis for dividing exercises into the above-mentioned four groups is the similarity of their form to the sport technique, similarity of physiological processes (energy sources, type of muscle fibers most used), and similarity of mental processes such as the type of concentration of attention and operative thinking (Morys 1991). (Operative thinking is closely related to the activity, and is used for “reading” the opponent, knowing thanks to experience what and what not to pay attention to, deciding in a split second when and how to act and react, knowing when and how to feint, and adjusting action to sport-specific stimuli.) General exercises are those least similar to the sport technique and the sport-specific and competitive are the most similar.

The needs of an individual athlete, determined by peculiarities of his or her body, decide what exercises should belong to each of the above groups. Here is a considerably simplified view of training: The long-term process should start with the most general exercises, and as the athlete progresses, the exercises should become more specific for a given sports event. If sport-specific form, as measured by specific tests or by sports results, is improving as a result of performing a particular exercise, then this exercise should be used as long as the results keep on improving. When the results stop improving, then it may mean that the exercise ought to be replaced by a more specific one. It does not necessarily mean that the exercise is no good any more. It only means that it is no good at improving the specific sports performance of a given athlete. It may still be useful for developing the general form of this athlete.

Here is the rationale for using few sport-specific exercises (but not none!) with beginners and getting the most training effect with general exercises: Over time multiple repetitions of any given exercise cause an athlete to adapt to it so the exercise gradually loses its effectiveness and progresses from being a means for developing athletic form to being a means merely of maintaining it. As time passes the number of exercises effective for developing athletic form becomes smaller, but it is possible to restore the effectiveness of a given exercise by changing some elements of its form, its intensity, duration, or place in a sequence of exercises. Generally, changes that reduce similarity to the competition activity also reduce the effectiveness of an exercise (Wazny 1991b).

1. General exercises are those that develop general fitness nonspecific to an athlete’s sport. The purpose of these exercises is to harmoniously develop the whole body so it can withstand further specialization. Usually the general exercises used in the period of general preparation have a work and rest arrangement during the workout similar to the competitive exercises.

General exercises include both exercises similar in certain elements to sport-specific exercises, and exercises that are very different, even contrary, to them. They must be diverse enough to ensure an all-around development of the physical abilities of the athlete in combination with directed exercises and sport-specific exercises. Their composition must also reflect to some extent the specific features of the sport, to make possible the positive transfer of the training effect. For example, general exercises for judo wrestlers are rowing, swimming, cross-country skiing, and hiking (Matwiejew [Matveev] and Jagiello 1994). These exercises prepare a judo wrestler for directed exercises suitable for judo wrestling.

General exercises are used in all periods of a macrocycle. In the first, general, stage of the preparation period they are the main means of training. In the stage of sport-specific preparation their purpose is to stabilize the form. In the competition period they are used as a means of active rest. General exercises reinforce the training effect of sport-specific exercises thanks to the variability of stimuli (Naglak 1979). They break the monotony of training, develop abilities that were underdeveloped by sport-specific exercises, or develop needed abilities in a different way and at the same time cause positive emotions in athletes. In all sports, prolonged practicing of the main competitive exercise strains the central nervous system and can lead to overtraining. To avoid these unwanted effects of specialization, one microcycle (5–8 days) of general exercises can be done instead of sport-specific exercises at the end of the sport-specific preparation stage. This pattern is also followed in cases of a prolonged competitive period (Naglak 1979).

2. Directed exercises prepare an athlete for sport-specific exercises. Directed exercises combine certain traits of the general and sport-specific exercises. They involve the muscle groups that are essential in the given sport and use the same energy source as in the actual sports action. Their dynamic characteristics are similar to the sport-specific exercises but the exact form of movement is different. For example, various jumps, other than the competitive one, are directed exercises for jumpers; various throws with a medicine ball are directed exercises for shot-putters; for judo wrestlers, directed exercises are barbell and dumbbell lifts, duplicating the dynamics of a judo pull or push (kuzushi), rope climbing, running up stairs, sprinting 30 meters, gymnastic exercises, jumping on a trampoline (for orientation in space), and running crosscountry 3000–5000 meters.

Because directed exercises are more remote from competitive exercises in their form of movement than the sport-specific exercises, they allow the athlete to do more work, in a more controlled fashion than sport-specific exercises, without any negative influence on technique.

3. Sport-specific exercises are those that directly contribute to improvement of an athlete’s sport-specific performance (Brunner and Tabachnik 1990). Most, but not all, sport-specific exercises consist of elements of competitive actions, or actions that are nearly identical in form and dynamic character to competitive actions (techniques), or both. For example, sport-specific exercises for ballplayers consist of techniques and tactical fragments of the game. For gymnasts these will be single techniques (technical elements) and connections that are parts of the competitive combinations. For javelin throwers these will be imitations of the throw, with the same dynamic character of work and the same sequence of engaging muscle groups (hip-shoulder-arm), using a pulley. Sport-specific exercises influence, more selectively than competitive exercises, the specific skills and abilities necessary in a given sport. For example, punching various kinds of bags develops punching skills more effectively than a boxing match, and performing parts of an Olympic lift helps to develop the strength of particular muscle groups and improve the skill of using them more than competitive lifts.

Some sport-specific exercises may have little resemblance to competitive skills; squats, for example, are considered sport-specific exercises for sprinters because they directly contribute to improving sprinting performance (Brunner and Tabachnik 1990). 4. Competitive exercises are the actual competitive actions (techniques) of a given sport. They are performed in the same fashion as during competition. In combat sports such as boxing, fencing, and wrestling, athletes practice tactics or even single techniques according to the competition rules (Matwiejew [Matveev] and Jagiello 1994). It is important to distinguish between formal competitive exercises and their training forms. The former are performed under the real conditions of competition and according to the rules of the sport. The latter, in the composition of actions and their immediate goal, are similar to formal competitive exercises, but the ultimate goal is to realize certain training tasks, not to compete. The organization of the efforts is not determined by the rules of the sport, but by the principles of good training methodology.

Competitive exercises, formal and training, are the only method of fully recreating the requirements of a given sport and thus stimulating the development of competitive form. These exercises cannot be removed from the training regimen but, because of their intensity, their share in the total amount of exercises is very small. For example, within a year high jumpers would spend approximately two hours on jumps with a full approach, pole-vaulters three hours, and gymnasts six hours on high bar combinations (Bompa 1994).

Exercises have two ways of influencing an athlete. One way is through changes in the structures of the body—for example, strength exercises can change the structure of muscles, tendons, and bones, while endurance exercises change the lung capacity and the structure and function of the heart. Another way, no less important, is through functional changes in the nervous system. All exercises teach certain coordinations. Once the sport-specific coordinations have been developed, it won’t do to lay the foundation of general coordination again. This is why introducing general exercises in the period when sport-specific exercises are already used will not help to improve sport-specific skills.

As an athlete progresses through the stages of training, the factors determining success in competitions change. During the stage of initial preparation, children rely mostly on general fitness because they have low technical and tactical skills. With time technical skills grow and the influence of general fitness on competition results declines to a negligible level at the stage of maximal realization of an individual’s potential (Czajkowski 1994d; Czajkowski 1998b). At the advanced stages of training general exercises are a means of active rest and health maintenance.





Factors Affecting the Ability to Train and Compete

Below are listed the six factors that mainly affect the ability to train and achieve success in competitions.

1. Health. Health determines the athlete’s disposition toward training. An athlete must be in good overall health to fully benefit from training. Proper breathing is difficult for boxers with neglected fractures of the nasal bones (septum nasi). Chronic sinus inflammation, often found in skiers and swimmers, lowers the quality of work done in a workout and affects recovery afterward.

Minor health problems seemingly unrelated to performance, like tooth decay, can start a general infection when combined with the great stress of heavy workouts. The teeth are an especially insidious source of chronic and recurring infections because, unless they hurt, they may escape attention. Tooth decay that occurs in dead or capped teeth might not be connected with resulting secondary infections such as a cold, strep throat, sinusitis, ear infection, bronchitis, skin infections, boils, tendovaginitis, or joint inflammations—and these are the least serious ones that occur most frequently. All infections are spreadable, lower the immunity of the whole organism, and may produce symptoms identical to those of overtraining (Mrozowski 1971).

2. Somatic type (body structure). The size and proportions of the body determine what sports one can succeed at, and what techniques and tactics one should employ. The length of an arm outstretched forward with a clenched fist decides the choice of tactics most suiting a boxer. In basketball, not body height, but the total height of reach (how high the player can reach with his or her arms) is a decisive factor. The amount of turnout in a hip joint, shoulder and lumbar mobility, and height projected on the basis of the parents’ height, are used in selecting children for gymnastics. The strength and flexibility of legs and the amount of turnout in a hip joint determines in what types of throws (hand throws, hip throws, leg throws) an athlete will specialize in judo and sambo wrestling.

The greater the variety of techniques and tactics in a given sport, the greater is the variety of body types (somatotypes) and sizes among successful athletes. The fewer the ways a victory can be achieved, the less differences there are among the athletes’ body build. And so there are more differences among the world’s best fencers than among the world’s best sprinters.

3. Level of development of movement abilities. Learning the techniques of a sport, participating in progressive training, and doing well in competitions are not possible without a sufficient level of movement abilities such as speed, strength, endurance, agility, and coordination. Of course, the sufficient level of these abilities will vary depending on the sport and on the athlete—for example, on the weight class or on preferred techniques and tactics.

4. Type of personality. Some athletes prefer to play in attack, some in defense. Some need a strict tactical plan, others do best if they can improvise. Individual preferences should be observed in choosing types of techniques and tactics most suitable for athletes and, in team sports, assigning athletes to their positions.

While an athlete’s temperament (one of the inborn features of personality) does not determine the outcome of competition, it determines the athlete’s choice of techniques and tactics. Athletes of different temperaments may achieve the same results but by the different techniques and tactics that are well suited to each one’s temperament.

Temperament also determines what training methods and loads will be optimal for a given athlete (Czajkowski 1998a).

Another feature of personality—introversion or extroversion—determines teaching methods, the frequency of breaks during practice (less breaks for introverts, more for extroverts), speed of learning, frequency of workouts (greater for extroverts), and the force of stimulation (less for introverts, more for extroverts).

Extroverts need a lively pace of exercises, frequent changes in the form of exercises, speed, rhythm, and difficulty, and frequent breaks because after a short break the quality of an extrovert’s performance improves. They like to exercise in a large group and like teamwork. They prefer synthetic or holistic methods of learning skills. They respond well to decisive commands, and when at fault, to reprimands. When they compete, they respond well to cheering (Czajkowski 1996).

Introverts need a slower pace of exercises. They ought to repeat a given exercise for a long time, precisely, without changing it often, and with few breaks. They learn best with analytic or mixed analytic-synthetic methods. They benefit from exercising alone or one-on-one with the instructor. Explanation and gentle persuasion work best for introverts. Before and between performances, introverts need to concentrate alone, and do not respond well to rousing appeals to win at all costs (Czajkowski 1996).

5. Intelligence. The degree of athletic perfection depends on the general cultural level of an athlete and his or her development of intellectual abilities (Matveyev [Matveev] 1981). The ability to learn technical and tactical skills depends on an athlete’s intellect. The technical and tactical skills of the athlete depend on his or her capacity to learn new movements and modify known ones, and his or her capacity for rational thinking, concentration, and divisibility of attention. The ability to analyze the efficiency of a given tactic or technique and to make an adjustment in it, or discard it, regardless of any personal tastes or invested work, depends very much on mental flexibility, a component of intelligence.

Nevertheless, because of the multitude of factors determining sports performance, IQ tests are not useful in prognosticating performance as long as an athlete’s IQ is not below the norm (Artur Poczwardowski, personal communication; Hucinski, Wilejto-Lekner, and Makurat 1996).

6. Will and motivation. No matter how suitable an athlete’s physique is for any given sport, if the person is not internally motivated to excel in it, training time will be wasted. An internally motivated athlete does the sport for its own sake. Internal motivation compels the person to perform an activity without regard for awards or benefits. Outstanding sports competitors display both internal motivation such as self-perfection, enjoyment of the activities of their sport, and external motivation such as winning competitions, showing off, and obtaining social approval (Czajkowski 1996).

If other factors determining performance are not below a certain minimum level, well-motivated people eventually prevail. “Unmotivated talent” will soon drop off, but before that happens, it will occupy the training space, the time, and the coach’s energy that could be better used with the driven ones. “Blood will tell in the end.”





2. Principles of Sports Training

Sports training proceeds according to scientific principles, not by whim, guesswork, or eccentricities. These are the tested and proven principles.





The Principle of Conscious Involvement

The athletes and the coach are a team, and together they realize their goals. Athletes cannot remain ignorant about the rationale behind every aspect of their training and be motivated to properly carry out the coach’s orders. Depending on their age and the stage of training, athletes should be increasingly involved in collaborative evaluation and planning of their training. This does not mean that the coach has to talk himself or herself to death, explaining everything and answering every question. The coach merely makes learning materials available and points out the relevance of some information for successful training. He or she also does it in a way that corresponds to the given stage of intellectual development in the athletes.





The Principle of Enriching Sensory Images

The richer the sensory image (visual, tactile, auditory, kinesthetic) of the movement task, the quicker and better this task is learned (Nowicki 1997a). Since humans rely mostly on their sense of sight, visual aids and examples should be used extensively in sports training. Great care has to be exercised when using any visual aids, though. Because people are so dependent on vision, an improper visual demonstration—for example, in slow motion only—will leave a long-lasting memory that may prevent learning of the skill at the proper speed. While visualizing or doing ideomotor exercises, the athlete should aim to eventually imagine performing the skills at the real speed or faster (Garfield and Bennet 1984). Ideomotor rehearsal should be done in advance, before actually performing the skill. Pole vaulters whose ideomotor rehearsal of a vault with an assigned speed of approach eventually fell within 0.1 second of the actual time of the skill succeeded on the first “physical” attempt (Ermolaeva 1988).

Mistakes in techniques or combinations of techniques are usually accompanied by an inability to imagine them properly (Garfield and Bennet 1984). The repetition of an incomplete technique in physical training may lead to the establishment of this image of interrupted technique as dominant. Later it will be difficult to perform this technique without interruption because even thinking about it, the athlete will not have the real image of continuous technique. An athlete who consistently repeats a technical mistake in physical action is probably making the same mistake in imagination or is completely unable to imagine the movement at the point at which the mistake occurs.3

It is obvious that the athlete who performs a technique better knows more about this technique. Apart from knowing the external form of the technique (spatial and temporal structure), the athlete may develop a “coded” image of this technique. This is the set of images, involving various senses, that an athlete associates with the desired form for this technique. This coded image or set of images does not need to resemble the external structure of the technique it is associated with. A coded form of technique is a record of sensations and images accompanying and associated with the correct performance of it. It is related to the external structure in such a way that recalling this image mobilizes the athlete to duplicate this structure. For example, having an image of glancing at a target, having relaxed shoulders, and then of an explosion going off on the surface of the target (bag) accompanied by the short rapping sound associated with a boxing punch, helps to consistently throw fast punches. In practice, the rapping sound, properly loud, immediately informs the boxer about the correctness of the technique.





The Principle of Individualization and Accessibility

Athletic training and education should take into account the individual abilities, health, age, and sex of athletes. The coach’s job is to know each individual athlete well and to adjust the means of training so each athlete develops his or her fullest potential. The variety of personalities necessitates applying the principle of individualization in both training and competition. An athlete’s temperament, while it does not determine the outcome of competition, determines the choice of techniques and tactics. In fencing, for example, choleric, sanguine, and phlegmatic temperaments all fight differently, and all can win.

In training, the athlete’s temperament, and especially his or her reactivity (sensitivity to stimuli and intensity of reaction), determines what training methods and loads will be optimal. Assigning the same exercises with the same loads is contrary to the principle of individualization (Czajkowski 1998a).

In sports where the athlete is subjected to protracted physical strain, different people react differently to stress (Repin 1988). In some adrenaline intensively enters the blood, while in others it is insulin, a hormone that reduces the sugar content in the blood. With more insulin, glucose is used to better advantage in muscle tissue, but the athletes themselves endure lengthy strain poorly. With the knowledge of such important facts about each athlete’s body, every beginning athlete can be given recommendations for a particular type of sport where he or she can be successful.

Athletes of different physical predispositions react to the same efforts differently. Soccer players predisposed for speed can run all-out for 45 meters or more without relying on anaerobic glycolysis and producing excess lactic acid because they have a large store of phosphocreatine. Soccer players with an endurance predisposition run out of phosphocreatine earlier and so rely on anaerobic glycolysis even for sprints of 30 meters (Chmura 1993). The exercises used in training should be accessible, i.e., not too far beyond an athlete’s potential. The accessibility of exercises changes in the course of athletic training with the increasing abilities of the athlete: What was inaccessible at one time becomes accessible later. Knowledge should be served in portions and in a form digestible to the student.





The Principle of Gradual Increase of Loads

The degree of changes an athlete’s body undergoes as a result of exercises depends on the volume and intensity of the work done. If the loads do not exceed the limits of the body’s adaptability at a given stage of training, then there is a direct relation between the loads and the adaptation. The adaptations may involve morphological (structural), physiological (functional), and psychological (learning) changes. The greater the volume of the loads, the stronger and more lasting are the adaptations. The more intensive the loads, the more powerful are the processes of recovery and greater are the supercompensation phases following the workouts, but the adaptations are less stable. For definitions of volume, intensity, and load see Definitions in chapter 1.

To adapt to stressing stimuli, the athlete needs time—time to rest, to rebuild his or her structures and resources, and in the case of learning, to digest the information.

If the external training load remains the same, the performance resulting from using this load will initially improve, then plateau, and then gradually get worse. The effect of the standard load gradually diminishes as the body gets used to it. As the athlete adapts to the load, he or she handles the load more and more efficiently, with less energy expenditure. This puts less of a demand on the systems of the body so the functional changes in these systems diminish.

As long as the athlete needs to improve his or her performance, the volume and the intensity of training has to gradually increase. This has to be a long-term trend. In certain periods or phases of training the loads can be decreased, but this is usually only temporary. This principle also applies to developing skills. The exercises for developing skills, and in certain cases the skills themselves, have to be changed to more difficult ones as the athlete progresses.

The pace at which the training loads are increased must be correlated to the pace at which the body adapts. The body adapts itself to each new load with a certain delay. The delay depends on the volume and intensity of the load, and on the individual’s ability to adapt to the load. This ability depends on age and other factors, such as fitness and temperament. An abrupt increase of the training loads may surpass the athlete’s ability to adapt. The resulting loss of physiological, and especially psychological balance, may lead to overtraining or injuries (Bompa 1983).

There are three methods of gradually increasing loads: the ascending rectilinear (straight-line) method, the stepped method, and the wavelike method.
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In the ascending straight-line method, loads are continuously and uniformly increased within a mesocycle (an approximately monthly cycle of workouts) or a macrocycle (several mesocycles).

In the stepped method, the load is sharply increased in some workouts or microcycles (weekly or shorter cycles of workouts) and then remains unchanged in the following workouts or microcycles. The stepped method allows an athlete to master higher loads than the rectilinear method (Bompa 1983).

In the wavelike method, loads are gradually increased in the first microcycles of a mesocycle. This is then followed by microcycles with a lower load. The waves of increasing, and then of relatively decreasing loads (the long-term trend is toward an increase of the load), depend on the rhythm of biological processes in the athlete’s body and also on the life regimen accepted by the society, i.e., weekly, monthly, and longer rhythms that also have a biological basis. The wavelike method, if correctly applied, takes advantage of the natural rhythm at which adaptive changes occur in the body’s organs and systems (Matveev 1999), so it is the most rational. This method of increasing training loads applies to all the time units into which the training is divided (microcycle, mesocycle, macrocycle). Actually, the division of athletic training into microcycles, mesocycles, and macrocycles is a result of the cyclic character of the processes of adaptation. Loads should be changed in response to symptoms of adaptation, not only for the sake of change. The first two methods, rectilinear and stepped, are occasionally used in training with low-intensity loads when the reactions of the body justify doing so. When this is done, the wavelike method still serves as the main framework of training.

Only when workouts are infrequent and the intensity and the volume of training work are low is it possible to increase loads in an ascending straight-line fashion. As soon as volume and intensity reach values that are necessary for developing competitive form, the character of the work must follow waves of increasing, stabilizing, and decreasing values to prevent overtraining (Matveev 1999). The duration of these waves is decided on the basis of the athlete’s reactions to the effort and depends on the overall training load (mostly intensity) and the training level of the athlete.

These are the general rules for changing the dynamics of training loads (work):

—the lower the frequency and intensity of workouts, the longer may be the ascending phase of the wave, but the amount of improvement from workout to workout is very small;

—the higher the intensity of the workouts and the means of recovery used in the interval between them, the more frequent are the waves; and

—the volume of training load is inversely proportional to its intensity. A great volume of training loads, necessary to cause lasting morphological and functional changes, and a high intensity of work, necessary for accelerating the development of the sportspecific form, are mutually exclusive. To avoid overtraining or injury, an increase of intensity of work must be based on sufficiently great morphological changes, resulting from long training with a high volume of work.





The Principle of Specialization

To fully develop and realize an athlete’s potential, he or she has to concentrate on a single sports discipline. Today, competing in more than one sport prevents achieving high results (Wazny 1991a). There are a few exceptions in sports that put the same demands on the athlete, such as bicycling and speed skating. As far as developing athletic form goes, it is inexpedient to strive for a maximum in all the movement abilities. An athlete does not compete in all sports. There is no such thing as absolute versatility in nature. One cannot have maximum power with maximum economy, whether in animals or cars. The key to success is in deciding the highest priority, then finding the right proportion for the development of supporting abilities so that none lags behind the main one so much as to hurt the athlete’s performance. In sports, speed and endurance each need a certain amount of strength for their basis, and that amount varies depending on the sport. The same is true of techniques because they depend on a sufficient level of endurance, speed, and strength to do them properly.

The morphological and functional changes caused by exercising specifically prepare the athlete for the same type of exercise that causes these changes. This means that to achieve success in a sport, the athlete has to perform exercises that mimic the actions of this sport (Wilmore 1976). In some cyclical sports—long-distance running, for example—most of the training consists of running. In other sports, particularly those that are acyclical, the number of repetitions of the main activity of the sport is limited by the intensity of effort going into one repetition (shot put, track-andfield jumps). To help with the development of sport-specific adaptation in sports in which repeating an event or a part of an event is not enough, there are exercises that isolate and develop to various degree the physical abilities needed in that event. The ratio of exercises from the sport (competitive actions) to the exercises that develop the specific physical abilities needed in this sport varies depending on the type of sport, the stage of athletic development of the athlete, and the period of the macrocycle (training cycle lasting several months) the athlete is in.





The Principle of Providing a General and Versatile Foundation for Future Specialization

Specialization in athletic training, as well as in any other human activity, should be based on a wide foundation of general development. A lack of versatility and good general development limits the progress that is possible in specialization. Sport-specific endurance (aerobic or anaerobic) has to be based on general endurance (also aerobic or anaerobic). So for sprints, contests of speed and speed-endurance, which are mainly anaerobic efforts, research indicates the considerable importance of aerobic fitness. Research shows that 37% of the variance of a sprinter’s form is explained by aerobic fitness (Wolkow [Volkov] et al. 1972).

As mentioned in Types of Exercises in chapter 1 all exercises, in any sports discipline, can be divided into four groups: general exercises, directed exercises, sport-specific exercises, and competitive exercises. Each sports discipline may put different exercises in any of these four groups. The repertoire of the exercises belonging to any one of these four groups changes depending on the needs of the athletes as determined by their ability, age, and stage of training. Wazny (1967) gives this negative example of using a limited and an unchanging repertoire of exercises: “Coaches who want quick success, even with young athletes, develop mainly the physical abilities that are dominant in a given athletic event. Some use so-called exercises of direct purpose or immediately applicable exercises. In such a system, a shot-putter practices technique only by putting shot, develops strength by standard weight lifting exercises, and speed by short sprints and starts. Such an approach results initially in considerable improvement of sport-specific performance in shot put but a stagnation of it in only a few years, after which permanent progress of the athlete is limited to strength as measured by standard weight lifting methods and speed measured by the standard 20-meter sprint from starting blocks.”

The proper approach is to use a wide variety of exercises, some of which have similar rhythm and form to those of the athlete’s specialty, to gradually develop sport-specific strength, speed, and coordination and on that base to perfect the technique (Wazny 1967).

Sport-specific exercises do not develop every system, organ, or muscle in the same measure. As the level of training increases, the parts of the body that lag behind become weak links, limiting the athlete’s progress. To prevent this, general exercises are used that ensure an all-round development of physical abilities—especially the abilities neglected by sport-specific exercises (Ulatowski 1981a).

General conditioning has the task of accumulating morphological and functional changes. On the basis of these accumulated changes—for example, muscle hypertrophy—sport-specific exercises can be done in which efforts are more intensive. These sport-specific exercises can be so intensive that, while causing performance to improve, they eventually weaken some of the links in the movement chain. To put it another way—structures of the athlete’s body might not adapt to intensive sport-specific exercises at the same rate as his or her capabilities. This means that from time to time the athlete has to go back to general exercises or needs to do some general exercises either during the same workouts or at least during the same microcycles (weekly schedule of workouts) with the sport-specific exercises.

General exercises are not the same for every sports discipline. Long-distance runners at the beginning of their training cycle lift weights, and weightlifters do some endurance exercises (Ulatowski 1979). Endurance exercises result in an increased speed of recovery, making it possible to later intensify strength training in the case of weightlifters (Hübner-Wozniak et al. 1995). Runners, by lifting weights in long sets and at a slow pace, strengthen all muscle groups including muscles of the upper body (Wazny 1981b).

To find out what exercises ought to be used in which group (general, directed, sport-specific, and training forms of competitive exercises) in the course of a macrocycle, the coach has to find out what exercises best prepare his or her athletes for the final goal of this macrocycle. Knowing what shape the athletes are in, the coach then finds the exercises that build a sufficient functional and morphological foundation for the sport-specific exercises. An athlete needs to train first to be fit for training before training for competition. Of course, sport-specific exercises are used in all periods of the macrocycle, but in lesser volume at the beginning of the cycle than when nearing competition. Highly trained athletes do general, directed, and sport-specific exercises all year round. For example, strength training in track and field consists of alternating general strength exercises with directed and sport-specific strength exercises throughout the whole preparation period. General strength exercises can be done in the same microcycles and even in the same workouts as sport-specific strength exercises (Tidow 1990).

General preparation must ensure steady progress and high achievements in the future. The content of sport-specific preparation is built on the basis provided by general preparation, and the content of general preparation depends on the requirements of sport-specific preparation.

Complex movement skills are formed on the basis of forms of movement coordination learned earlier. This basis is widened in the process of learning various new skills and so it increases the ability to further perfect movement skills. The richer an athlete’s treasury of various athletic skills, the faster he or she masters new sport-specific skills, and the more flexible is his or her application of these skills. The knowledge of techniques and tactics in a variety of sports gives better insight into the athlete’s own sports discipline (Matveyev [Matveev] 1981).

So-called secondary movement illiteracy is a result of reducing the variety of exercises. If new and more difficult exercises are not added to the ones an athlete has mastered, and especially if the technical exercises are replaced with some simpler movements such as basic endurance or strength exercises, the athlete loses the old skills and overall coordination (Wazny 1981b).

Following are some typical exercises used in the training of a 110-meter hurdler as an example of versatility (Perkowski 1995):

Acrobatic exercises

Ball games such as soccer, basketball, team handball

Jumps on one leg and on two legs with weights

Multijumps flat and over obstacles

Skips [three varieties]

Typical exercises with weights: snatch, clean and jerk, press, full squats, half squats, step-ups, calf exercises

Back extensions, twists, sit-ups and other trunk exercises with and without additional resistance

Throws and puts of light and heavy shots, medicine balls, and other weights from various positions, with one or both hands

Running with weights

Running with maximal speed

Running with set submaximal speed on distances from 40 meters to 120 meters

Running distances longer than 120 meters on the track and off the track for developing speed-endurance

Cross-country continuous runs

Running uphill

Flexibility exercises

Various technical exercises without using the hurdles

Various technical exercises teaching and perfecting the technique of running hurdles

After a few years of training that consists of too intensive, undiversified continuous efforts, an athlete’s reactivity increases. (Highly reactive people overreact in response to stimulation, have lower initiative, and cope worse in difficult situations than the less reactive.) This is a detrimental change, and coaches of swimmers, long-distance runners, and cyclists should be wary of it. So should coaches of naturally varied and diversified sports, such as combat sports or ball games, that require reacting to changing situations and actions of opponents. Imposing stifling invariability leads to weariness, fatigue, loss of interest and an increase of reactivity (Czajkowski 1998a).

General and sport-specific training need to be well balanced. An excessive volume of general training causes a reduction of the necessary volume of sport-specific preparation and results in a lowering of the sport-specific form. An excessive reduction in the volume of general training for the sake of sport-specific training narrows down the basis of sports specialization and restricts the growth of achievements. When determining the ratio of general training to sport-specific training, it is necessary to take into account the level of preparedness, individual peculiarities, and the age of the athlete as well as specific features of the sports discipline and the training period. The interrelations of various components of the athlete’s training change at different stages of the development of an athlete.

Initially general exercises (in strength or endurance, for example), done concurrently with technical training, improve the level of technical skill. They then cease to be effective, and for more improvement, directed exercises that are more closely related to the techniques must be introduced. After some time even these exercises lose their effect on the technical proficiency of the athlete and even more specialized exercises are needed for further progress. If continued throughout the athletic career, general exercises (for example, in strength, endurance, coordination) will promote gains in the abilities they are designed to develop, but only if measured by general tests. In other words, performing general exercises will increase proficiency mostly in performing these general exercises. If the athlete gains mass and strength from performing general strength exercises, but the neuromuscular patterns of these exercises do not resemble those of the competitive technique, the strength gain in sport-specific technical tests or in competition will be disproportionately low compared to the amount of general strength gain. The same is true for other physical abilities such as endurance or speed.

Naglak (1979) points out that if sport-specific exercises are introduced too early in the athlete’s career, at the expense of general exercises, the initial pace at which the technical skills are developed is high. Later, though, the athlete hits a plateau because the skills were developed without a foundation of general development. The lack of general coordination makes improving sport-specific technical skills difficult. Weakness of the muscles, ligaments, and bones also limits technical skills. Sport-specific endurance is difficult to develop because the morphological and functional foundation (developed by general endurance training) needed for sport-specific exercises is missing. Improving performance at the stage of specialization by resorting to general exercises is difficult if not useless (Wazny 1981b). The neuromuscular patterns of the techniques are already formed and the general exercises can’t alter them.

The short version of all this: Variety is more than the spice of life. For an athlete, properly orchestrated variety in training is essential to success.





The Principle of Specialization of General Preparation

General preparation of athletes gets “specialized” as training becomes more sport-specific in the course of an athletic career (Matveyev [Matveev] 1981). This does not mean that general exercises become more similar to the sport-specific ones. Rather it means that they are selected to match the changing needs of an athlete subjected to growing and increasingly sport-specific training loads. The exercises of general preparation on one hand have to compensate for imbalances created by the growing training load in sport-specific exercises (as performed by a particular athlete—see the Principle of Individualization and Accessibility) and, on the other hand, have to use the positive transfer of training to the fullest and limit the effect of any negative transfer. Example: judo wrestlers do cross-country runs as part of their general preparation because these runs require agility, concentration, and accelerations when fatigued—also the requirements of a judo wrestling match.

General exercises are often done in the same work and rest periods as the sport-specific exercises. For example, boxers do most of their general exercises with the same duration of work and rest period as in boxing rounds.

The same exercises that are sport-specific in one sports discipline can be general in another discipline; for example, squats and deadlifts are sport-specific strength exercises for a powerlifter but general strength exercises for a judo wrestler. Another example: Playing soccer is a sport-specific exercise for soccer players but general preparation for boxers.





The Principle of Continuity and Systematicness in the Training Process

Any level of athletic form achieved is fleeting. Every interruption of the training process causes a regression of the form. Stabilization of morphological and functional adaptations requires continuity of training. The training process must be also systematic, i.e., have a goal or a set of goals, be controlled and planned according to results of the control tests, new material must be based on the previously done material, and the training process must be rhythmical and not sporadic (Lachowicz 1981).

Sports training is planned as a long-term process requiring training stimuli to constantly affect the athlete so the proper form may be acquired, maintained, and further developed. In today’s sports, working out every day and often several times a day is needed to compete even well below the national level. The interval between workouts, however, must guarantee restoration and improve work efficiency. This is accomplished by arranging various types of workouts in proper sequence (microcycle) and alternating training loads so that the athlete recovers fully before the next main workout in a microcycle. Occasionally a series of workouts (sometimes even more than one microcycle) may be done without complete restoration, but eventually full recovery after such a series of workouts must be provided by following it with a less demanding microcycle.

The connection between workouts is ensured by the continuity of the immediate, delayed, and cumulative training effects.





The Principle of the Cyclic Character of the Training Process

All things develop in cycles. Human life can be considered one big wave with its climbing, peaking, and declining phase. Several smaller waves are superimposed on that life wave. Some last years, some days, some hours, and some last less than a second. Rational athletic training takes this cyclical character of life into account and is planned in cycles. There are small cycles called microcycles, lasting about one week, average cycles called mesocycles, lasting usually about one month, and large cycles called macrocycles, that last several months. Each subsequent cycle partially repeats the preceding one, but at the same time, to ensure progress in the training process, each differs in content, loads, and sometimes methods.

There is another reason for planning training in cycles of workouts—repeating training efforts in identical sequence in subsequent cycles allows for comparing their effects on an athlete and adjusting the training (Zaton 1998).

The main theses of the principle of the cyclic character of the training process (Matveyev [Matveev] 1981):


	—The main elements of training must be systematically repeated, but at the same time training tasks must also change according to the changed needs of the athletes in subsequent cycles.

	—Each phase of a training cycle requires the use of adequately chosen training methods. Any training exercises or methods lose their effectiveness if they are used at the wrong time or in the wrong proportions.

	—Wavelike changes in training loads must be incorporated in microcycles, mesocycles, and macrocycles.

	—Any part of the training process is related to larger and smaller structures.



Chapter 3 will have much more to say about cycles in sports training.





The Principle of Economy of Effort

To develop or maintain any ability or skill, the coach should use the least training load necessary to deliver a desired result. This means using the load at the low part of the “training zone.” Using the least training load that still delivers the desired improvement or maintains achieved form decreases chances of injury and overtraining. The training zone is wider and extends lower for beginners than for advanced athletes. For strength exercises the training zone for beginners may start at 20% of an athlete’s personal best (Siff and Verkhoshansky 1999; Zatsiorsky 1995) and at 80% for advanced (Wathen 1994a). For aerobic fitness the training zone starts at 45% of maximum aerobic capacity for beginners and higher for advanced (McArdle, Katch, and Katch 1991). Onset of blood lactate accumulation normally occurs between 55% and 65% of maximal oxygen uptake in untrained and over 80% in highly trained endurance athletes (McArdle, Katch, and Katch 1991).

This principle applies also to frequency of workouts and volume of work. An athlete who does fewer workouts to develop or maintain a given ability has more energy and time for developing other abilities and skills. McArdle, Katch, and Katch (1996) give an example of maximal oxygen uptake improvement achieved with 10 weeks of training 40 minutes a day, 6 days a week, which was maintained for 15 weeks as effectively by exercising 40 minutes daily 2 days per week as with exercising 4 days per week. Research by Costill et al. (1991) showed that swimmers who worked out twice daily and swam more than 10,000 m (10,936 yd.) per day made the same improvements as swimmers who worked once per day and swam approximately half that distance per day. These ten principles, if followed scrupulously, will create rational training programs and winning athletes.





3. Cycles in Sports Training

Cycles in Life

All systems develop in cycles, yet often this is forgotten and steady gradual growth is expected, in sports training, for example.

Human life consists of many cycles. The greatest one, life itself, starts with birth and ends with death. Its wave climbs up as individuals grow up, peaks, and then goes down until death. Not all capabilities develop and decline at the same rate. In some capabilities a person can perform very well nearly until death. Others, mostly physical, have a relatively short peaking period after which follows a considerable decline.

Biologically, “we are essentially rhythmic creatures,” says psychologist Edward F. Kelly (in Douglis 1988), president of Spring Creek Institute in North Carolina. “Everything from the cycle of our brain waves to the pumping of our heart, our digestive cycle, sleep cycle—all work in rhythms. We are a mass of cycles piled one on top of another, so we are clearly organized both to generate and respond to rhythmic phenomena.”

Short Cycles

There are cycles of activity that last about 90 minutes, affecting hunger, REM (rapid eye movement) sleep—when a majority of remembered dreams occur—and possibly concentration and energy level. REM sleep occurs every 90–110 minutes (Gronfier et al. 1999). Hunger pangs come in cycles of similar duration (Hiatt and Kripke 1975).

Perhaps these short cycles explain why the optimal duration of a workout is about 90 minutes. Of course, workouts of athletes training for an event that lasts longer than 90 minutes—for example, the marathon—have to be longer. Some workouts of long-distance runners last three hours or more.

Daily Cycles

The human natural daily cycle governs the sleep and wake cycle as well as changes in temperature, blood pressure, hormone secretion, heart rate, white cell counts, and other aspects of the body’s functions (Romanowski 1973; Wilson 1989). Winget et al. (1985) reported that the neuromuscular coordination, reaction time, grip strength, pain tolerance, body temperature, heart rate, and lung ventilation rate rise and fall in a circadian cycle. This daily cycle dictates the best times for working out.

High-intensity endurance efforts, such as cycling to exhaustion at 95% of VO2max or swimming all-out for 100 or 400 meters, are better tolerated and result in higher performance at times when body temperature is close to its daily highest, that is, in the late afternoon and evening (Reilly and Baxter 1983a; Reilly and Baxter 1983b).

Accuracy of shooting improves with a slow heart rate, because shots are made between heartbeats, so many archers and sharpshooters prefer to compete in the morning when the heart rate is slower than later in a day (Lamberg 1996).

According to a chronobiological research review by Charles Winget et al. (1985), the best time to conduct a strength workout is between 14:00 and 18:30 hours because readiness of the neuromuscular system for strength efforts as manifested by hand grip strength is greatest then. The best time for stretching is about 13:30, and for aerobic endurance workouts the late afternoon and early evening hours are best because the cardiovascular and respiratory systems are more efficient then. The precise control of fine movements is best in the afternoon. Pain tolerance is greatest in early morning, but physical discomfort, such as cold, is tolerated better in the late morning. Performance in strength and in endurance events (swimming, running, rowing, and shot put) is better in the evening. Physical effort is perceived to be easier in the late afternoon and in the early evening. Long-term memory is best formed in the late afternoon or evening (Folkard and Monk 1980), so that seems to be the best time for a technical workout.

Athletes who are either extreme morning persons or extreme evening persons will have their times of best performance shifted from two to five hours earlier or later (Winget et al. 1985). Habitually working out at a particular time of day makes an athlete perform best at that time (Hill et al. 1998). Nevertheless, in Hill’s study just quoted, subjects who exercised in the evening and were tested in the evening showed better performance in the evening than the best performance of subjects who exercised and were tested in the morning.

The timing of an athletic performance during the day can make a big difference because within a day the level of performance oscillates 10–30% of the daily mean. A 10% worsening of performance is comparable to having a 0.09% alcohol blood level or sleeping only three hours (Winget et al. 1985).

Jet Lag

Jet lag is a detachment of one’s internal biological clock from the actual day time, caused by travel to a time zone other than one is accustomed to. This severing from actual time may cause an athlete to function poorly at the time of performance. Athletes who play closer to their inner clock’s “peak-performance time of day” are more likely to win than those who play at a less favorable inner clock time (Smith et al. 1997).

On top of that, jet lag is associated with sleep disorders, poor concentration, irritability, depression, fatigue, disorientation, loss of appetite, and gastrointestinal disorders (Manfredini et al. 1998). Even a three–time zone change can cause deterioration in performance (Smith et al. 1997).

It is more difficult to adjust the internal clock to the local time if one is flying eastward than westward. In a study reported by Winget et al. (1985), westward flight required on average 3.5 days for adaptation to the local time but eastward flight required 6.5 days. Morning types suffer more from sleep disturbances resulting from westward travel than evening types (Winget et al. 1985).

To minimize jet lag an athlete should do the following (Boulos et al. 1995; Miller Kase 1995; Winget et al. 1985).


	Upon boarding the plane, the athlete should reset the watch and change sleep and meal times to match time of the destination.

	The athlete should not nap after arrival.

	The athlete should exercise after arrival.

	Upon arrival the athlete should adjust activity and rest times to local time. If it is daylight, he or she should go outside rather than stay in the hotel.

	The athlete should expose him- or herself to light (sunlight if possible) in the late evening if traveling westward, and in the early morning if traveling eastward.

	The athlete can influence the sleep-and-wake cycle with food. In the morning, to increase alertness, it is best to eat high protein and low carbohydrate foods. In the evening the athlete should eat a high carbohydrate and low protein meal to become drowsy. Coffee or tea drunk in the morning speeds up adaptation to local time.

	The athlete should fly westward if travel involves crossing 10 time zones or more.

	The athlete should arrange to arrive several days before the day of performance to have time for adaptation.



Weekly Cycle

There is a seven-day cycle of changes in the red cell count and hemoglobin level, both peaking on Monday or Tuesday (Shephard and Shek 1996); blood pressure and pulse rate (Rodriguez et al. 1998); and hormone secretion (Swaab et al. 1996).

Certain illnesses develop in weekly cycles—for example, cold, pneumonia, and malaria (Perry and Dawson 1988). Certain others, such as whooping cough, typhoid, mumps, rubella, and hepatitis A, develop in multiples of seven days (Borysiewicz 1989). Transplanted organs (heart, kidney, pancreas) in mammals are in the most danger of rejection at weekly intervals (Levi and Halberg 1982).

Monthly Cycle

The study conducted by Hampson and Kimura (1988) has demonstrated that there is a relationship between monthly fluctuation in the female sex hormones and women’s ability to perform tasks involving verbal skill, movement coordination, and spatial reasoning. Movement coordination and verbal skills were better when the level of estrogens (estradiol and progesterone) was high. Tasks involving spatial reasoning were performed better when the levels of estrogens were low. (The experiments were designed so that any mood changes linked to the menstrual cycle did not play a role.) Jill Becker (1987) has shown that female rats trained to walk a narrow beam make fewer errors in that task during the portion of their menstrual cycle when their levels of estrogens are high.

Seasons

Changing length of daylight influences metabolism, slowing it down for winter and speeding it up for warm seasons. Nonathletes have the greatest capacity for work in spring and summer or at the beginning of fall and the smallest at the beginning of winter. In the case of athletes, achieved results depend on the yearly schedule of their sports and so track-and-field athletes are at their best in the summer, while cross-country skiers are at their best by the end of winter (Starosta and Handelsman 1990).





Cycles and Periodization of Training

Cycles of various length (for example, weekly—like a typical microcycle, monthly—typical mesocycle, and longer) and the periodization of the training process are dictated by several factors: the oscillation of work capability; the various recovery times of various systems of the athlete; the correlation between volume and intensity of work; and the fact that a low volume of high-intensity training loads influences athletic form differently than training loads of high volume and low intensity.

A high volume of training loads is necessary to cause lasting morphological and functional changes in the athlete. A high intensity of training work is necessary to accelerate the development of sport-specific form. These two mutually exclusive factors dictate the need for periodization. To avoid overtraining or injury, increases in intensity of work must be based on sufficiently great morphological changes resulting from long training with a high volume of work. Traditionally, a macrocycle (a training cycle lasting several months and ending with important competitions) has been divided into a general preparation period, a sport-specific preparation period, a competition period, and a transition period. This strict division4 of the macrocycle into periods is no longer followed by many leading East European coaches. This is because currently many major sports competitions are held throughout most of the year. Nevertheless, the typical terms of periodization make it easier to explain how volume, intensity, and types of exercises change during a macrocycle.

Czajkowski (1998b) points out that even though the strict division of the year into training periods is outdated, and all aspects of an athlete’s form should be worked on throughout the year, nevertheless the proportions of types of exercises, their intensity and volume, and methods of training should be changed depending on the dates of important competitions. He also supports using a short transition period for mental rest and correction of physical problems after the most important competitions.

Every cycle, of every type (microcycle, mesocycle, macrocycle), partially duplicates the previous one, and differs from it as much as it must to satisfy the changing requirements of the training process.





Structure of a Workout

The basic unit of training is an exercise and its corresponding rest period. A physiologically justified sequence of exercises forms a workout. Exercises are assembled into workouts according to an athlete’s needs and degree of recovery. Whether recovery is sufficient depends on what exercises were done in the previous workout and what the task is of the current workout.

A properly designed workout or physical education lesson plan includes the following parts:


	The introduction, where the coach briefly explains the task

	The general warm-up, including cardiovascular warm-up and general stretching

	The specific warm-up, where movements resemble more closely the actual subject of the workout

	The main part of the workout, when the main task is realized

	The cool-down

	The closing, summing up fulfillment of the tasks and dismissal of the group



This general structure of a workout is conditioned by the changes in the athlete’s work capability when exercising. At first, the work capability rises, then oscillates around a certain optimal level, and eventually declines at the end of the workout.

As the work capability rises and falls, so does the intensity of exercises. A curve representing the changing intensity of exercise during a workout starts low and very gradually rises during the warm-up to reach the level of intensity planned for the main part of the workout. During the main part, the average intensity may reach a plateau and then fall down during the cool-down. The plateau of intensity may be an average of many consecutive “peaks” and “valleys,” for example, peaks of higher intensity during a boxer’s rounds and valleys during the breaks between the rounds. The average intensity of the main part reaches different values during workouts with different tasks. During a workout with mostly technical exercises, the average intensity is lower than during a workout with mostly conditioning exercises or fighting practice.

The main part of the workout may also consist of several segments of exercises of varying intensity. Generally, during the main part, these segments should be sequenced in the order of a decreasing degree of control or difficulty and increasing intensity, so the technical exercises are done before the less complex but intensive conditioning exercises. Eventually the intensity of work during the main part must decrease to blend with the cool-down. The main part of the workout should end with conditioning exercises of decreasing intensity and requiring least control.

If there is a drastic drop of intensity during the main part that allows athletes to cool off and calm down, followed by intense exercise, it will be difficult for the athletes to mobilize for work again. Their performance will be impaired and they may get injured as they jump back into the intensive exercises.

Often workouts are dedicated to only one task or even one type of movement—for example, running. The high demands of sports training usually call for full concentration of effort on each one of the training tasks. For this reason top quality athletes do several workouts per day.

Single-task workouts are better for the development of a particular technique or ability because in such workouts the exercises, from the beginning of warm-up to the end of cool-down, can be arranged for smooth transition from one to the next, keeping the proper sequence of types of effort during the workout.

Athletes’ form improves most with workouts in which a single task is realized by a variety of exercises and methods. In such workouts athletes show a greater capacity for work than if a single task is realized with one exercise. Least effective are workouts when the same exercises (even though effective in another arrangement) are done for most of the duration of the workout. In the case of frequent repetition of such workouts, athletes adapt quickly to the training load, and this leads to slowing down and eventual cessation of improvement in their form (Platonov 1997).

Workouts consisting of one type of movement (one exercise) still have a place in training as a means of developing economy of movement and mental toughness by withstanding a monotonous and heavy effort—qualities important for long-distance athletes (Platonov 1997).

Workouts to accomplish more than one task occur in technically complex sports. The changing character of work in such a workout makes precise control difficult, but on the other hand, the workouts are less monotonous. The proportion of single-task to multitask workouts depends on the particular sport. Single-task workouts are most frequently used in speed-strength sports (weightlifting) and in cyclic sports (running, swimming, bicycling, rowing). Sports with combined events (decathlon, gymnastics) as well as individual contact sports (combat sports) and team games have a greater number of multitask workouts than the single event sports.

There are two ways of structuring multitask workouts: either the different tasks are realized in a sequence or they are realized at the same time by means of the same exercise. In the second case usually two tasks are realized—for example, perfection of both technical and tactical skills, technical skills and speed or speedendurance, technical skills and endurance. When tasks are done in turns, they are usually arranged in the sequence explained in subchapter “Definitions” of chapter 1 (new technique before speed drills, both new technique or speed before strength, and strength before endurance). For example, learning new technique or tactics is done right after a warm-up, but well-mastered technical skills can be drilled at the end of the main part of the workout, after other exercises, to prepare the athlete for dealing with the fatigue encountered during competition.

According to Platonov (1997) multitask workouts with sequential arrangement of the tasks should predominate in beginners’ training, even in cyclic and speed-strength sports. Such workouts are less physically tiring and mentally stressful for young athletes than single-task workouts but still provide enough stimulation for improving their athletic form. Excessive use of single-task workouts in training of young athletes can cause overstrain, overtraining, and exploitation of their adaptation potential. A predominance of multitask workouts in the training of young athletes leaves a possibility of intensifying their training, as they age and improve, by increasing the number of single-task workouts. In the training of advanced athletes, multitask workouts can be used to maintain previously achieved athletic form, especially during a competition period, and if the training loads are relatively low they can be used for an active rest after single-task workouts (Platonov 1997).

Workouts are divided into types depending on their tasks and thus the content of their main parts. The seven types of workouts: technical, speed, speed-endurance, strength, strength-endurance, endurance, and active rest.

Apart from regular workouts, athletes usually participate in auxiliary workouts. Their purpose is to improve the athlete’s weaknesses. Typically, auxiliary workouts are dedicated to improving aerobic endurance, strength (overall or of specific muscle groups), or flexibility. They may consist of one type of exercises—for example, dynamic flexibility exercises. Auxiliary workouts are often done early in the morning, before breakfast, and athletes may do them on their own, without supervision. If the duration of such a workout is to be more than 30 minutes, a light snack can precede it.

Naglak (1979) gives this rule: The more intensive the training load, the fewer should be the athlete’s tasks. During a workout of maximal intensity, more time is dedicated to warm-up and cooldown. With a lower intensity of the training load, an athlete may take on two or even three tasks, such as perfecting technique and working on speed in this technique. Naglak (1979) states, however, that even in such cases dedicating one workout to one training task is more beneficial.

A regular workout begins with a gathering of the athletes, taking attendance, and explaining the task or tasks. The duration of the whole introduction indicates the degree of professionalism of the coach and the motivation of the athletes: the briefer, the better. In the well-run training program, each task is based on the previous one. This makes lengthy demonstrations and explanations unnecessary. The warm-up follows the introduction.

Warm-Up

Warming up has to prepare all systems of the body in order for the athlete to perform at top efficiency. It has to affect the heart, blood vessels, nervous system, muscles and tendons, and the joints and ligaments. The goals of the warm-up are: an improved elasticity and contractibility of muscles, greater efficiency of the respiratory and cardiovascular systems, a shorter reaction time, improved perception, better concentration, improved coordination, and regulation of emotional states, especially before competitions. All these changes occur when the body temperature is increased by muscular effort (Sozanski 1981a). Warm-up regulates emotional states because the flow of impulses from working muscles (respective motor and sensory nerve centers, actually) calms down an overly excited nervous system, but in the case of “prestart apathy” it stimulates an overly inhibited nervous system (Sozanski 1981a). For overly excited athletes, warm-up should include slow exercises that require precision, of high complexity but well known. For the apathetic athlete, warm-up should include simple and easy exercises that require fast reaction, fast-paced movements, and agility, and that are conducted in a very energetic manner (Czajkowski 1994c).

Warm-up should start with exercises of low intensity and then progress to the intensity of the exercises that are the main subject of the workout. It is an error to start a warm-up with high-intensity exercises. Such an intensive start reduces the athlete’s work capacity needed for effectively carrying out tasks of the main part of the workout. Intensive exercises quickly use up stores of muscle glycogen and increase the level of lactate in blood. The higher the blood level of lactate, the lower is the use of free fatty acids for energy (Romanowski 1973). Conversely, the greater the use of free fatty acids for energy, the more work an athlete can perform before fatiguing.

The principles used in arranging the exercises of the warm-up are: from distant joints to proximal (to the center of the body), and from one end of the body to the other (top to bottom or vice versa), ending with the part of the body that will be used first in the next exercise. This last principle applies to all parts of a workout. The whole warm-up before the main part of a workout should take 20–40 minutes. The length of the warm-up depends on the task and intensity of work that will follow it. The greater the intensity of the workout, the longer its warm-up should be. Speed, strength, and difficult technical workouts should have longer warm-ups than aerobic fitness or endurance workouts. A good coach will rarely repeat the same sequence of warm-up exercises in different workouts. The tasks of the workouts change and the warm-up has to be built of the exercises that best prepare the athletes for the current task. Usually the task-specific part of the warm-up lasts five to ten minutes. A specific warm-up should blend with the main part of the workout. If several tasks have to be realized during a workout (for example, gymnastic techniques on different apparatus), then each task may be preceded by its own specific short warm-up.

General Warm-Up

A general warm-up should start with about five minutes of aerobic activity (as long as it is not jumping jacks because of their neurologically disorganizing effect [Diamond 1983], see information on types of exercises in chapter 1): for example, jogging, shadowboxing, or any exercise having a similar effect on the cardiovascular system.

Flexibility improves with an increased blood flow in the muscles, so then dynamic stretches can follow—for example, leg raises to the front, sides, and back, and arm swings. Leg raises are to be done in sets of ten to twelve repetitions per leg. Arm swings are to be done in sets of five to eight repetitions. The athlete should do as many sets as it takes to reach his or her maximum range of motion in any given direction. Usually, for properly conditioned athletes, one set in each direction is enough.

Doing static stretches before a workout that consists of dynamic actions is counterproductive. The goal of the warm-up, which is to improve coordination, elasticity and contractibility of muscles, and breathing efficiency, cannot be achieved by doing static stretches, isometric or relaxed. Isometric tensions will only make the athlete tired and decrease coordination. Passive, relaxed stretches, on the other hand, have a calming effect and can even make an athlete sleepy.

Static stretches reduce maximal strength (Kokkonen et al. 1998) and impair activity of the tendon reflexes (Rosenbaum and Hennig 1995). By making fast dynamic movements immediately after a static stretch, an athlete may injure the stretched muscle. The more intensive the effort to come and the lower the temperature, the more an athlete has to warm up the muscles (but an excessively intense warm-up that some athletes do on cold days is counterproductive).

A higher temperature of the environment does not make warming up unnecessary. It only requires a lowering of the intensity of exercises in the general warm-up (Sozanski 1981b). Warming up should involve a gradual increase in the intensity of the exercises. Toward the end of a warm-up, when it is “specific,” the athlete should use movements that resemble closely the techniques or the task assigned for this workout. An athlete may do easier forms of techniques, but without getting sloppy! What one repeats, one learns, which can betray the athlete in a crucial moment of competition, causing him or her to do a substandard technique.

Examples of warm-up for different types of workouts based on Sozanski (1981c)

A warm-up for an endurance workout for athletes of speed-strength events of track and field and of other speed-strength sports:


	Walk and march with jogging and light running.

	Slalom between trees, bushes, or other obstacles.

	Light jumps, running sideways and backward, and other exercises for the legs done in motion

	Light running for 300–500 meters
Points 1 through 4 take approximately 15 minutes.

	Rest while marching.

	Flexibility and agility exercises while standing, marching, and jogging (bends, twists, squats, lunges, arm swings, leg swings)

	Light running for 300–500 meters



Total duration of the warm-up may be up to 25 minutes.

A warm-up for a strength workout (not to be confused with a weightlifting workout) for all sports:


	Jogging, shadowboxing, or other light exercises (up to 5 minutes)

	Flexibility exercises while standing or marching (bends, twists, squats, lunges, arm swings, leg swings) interspaced with skips and various jumps in place (5 minutes)

	Exercises with light dumbbells (bends, twists, squats, lunges, arm raises)

	Running in place interspaced with jumps

	Exercises with heavy dumbbells (squats, lunges, bends and twists of the trunk)

	Running in place interspaced with jumps

	Exercises with a barbell (squats, lunges, bends, twists, and jumps)



Total duration of the warm-up in a strength workout may be 20–25 minutes.

During the main part of the strength workout, each set of an exercise with a target weight has to be preceded by a shorter set of the same exercise with 60–75% of the target weight.

A warm-up for a speed workout for track-and-field sprinters:


	Jogging 800 meters

	Relaxing exercises—shaking limbs, easy arm and leg swings (3–4 minutes)

	Jogging 200–300 meters

	Flexibility exercises (3–4 minutes)

	Jogging 200–300 meters

	Flexibility exercises more similar to the workout’s main subject (3-4 minutes)

	Rest while marching (2–3 minutes)

	Sprints (3–4 repetitions) at 70–90% of maximal speed



Total duration of the warm-up in a speed workout may be 30 minutes or more. It may be longer than the main part of a speed workout.

A warm-up for a technical workout for track-and-field athletes:


	Jogging 800 meters

	Relaxing exercises—shaking limbs, easy arm and leg swings (3–4 minutes)

	Jogging 200–300 meters

	Flexibility exercises (3–4 minutes)

	Jogging 200–300 meters

	Flexibility exercises (3–4 minutes)

	Rest while marching (2–3 minutes)

	Technical exercises (15–22 minutes) starting with elements and ending with 2–4 repetitions (with lower intensity) of the whole technique that is to be perfected in this workout.



Total duration of the warm-up in a technical workout may be 25–40 minutes.

Precompetition Warm-Up

A precompetition warm-up should begin 60–80 minutes before the start. It is much different from the warm-up in a workout. It consists of the following four parts (Ozolin 1968):

1. The first part begins with jogging or slow running until the athlete starts sweating. Next come exercises that warm the muscles that running did not warm.

The precompetition warm-up can be preceded by massage or rubbing with liniments (Sozanski 1981b). If so, these means of passive warm-up may permit shortening this first part of the precompetition warm-up (general warm-up).

2. The second part is the sport-specific warm-up. Its purpose is to prepare the central nervous system, setting the proper rhythm and coordination of movements. The distribution of efforts in this part is crucial for performance. The choice of exercises depends on the type of effort in competition.

In sports that require maximal speed of movement, this part of the warm-up will usually include repetitions of single elements of a competitive exercise and then joining them together, repeating the whole exercise with accelerations. The athlete will make attempts at performing the whole exercise with considerable but not maximal effort. Such attempts ensure precise and confident movements. The effort should not be maximal because such attempts lower the quality of performance in competition. If the skill has not become a habit and is not fully reliable, several careful repetitions of it in this part of the warm-up may bring good results in competition. In endurance sports, athletes exercise less in the first part of a warm-up and dedicate the second part to performing for a longer time competitive actions with low intensity.

3. The third part lasts 10–30 minutes until athletes are called out. This is the time athletes use for getting to rooms where they can get massages, change dress, prepare their gear, and relax.

4. The fourth part happens just prior to the start. Competitive exercises are performed in complete form to finally prepare for the start. Maximal efforts just before start are as useless now as they were in the second part of the warm-up. After a few repetitions, the athlete rests in motion and waits for the start.

In the course of one competition, athletes can start several times with a few minutes to more than one hour between starts. This makes additional warm-ups necessary before each start. Each such additional warm-up lasts a few minutes and starts with low-intensity exercises for raising the temperature of the body and ends with easy repetitions of the competitive exercise. These repetitions are done without a great amount of tension. These additional warm-ups are short because after one start, an athlete warms up quickly.

Main Part

Generally after the warm-up all the exercises are arranged in order of the descending difficulty. The exercises should not be grouped primarily by the body part or the form of movement, but by their difficulty and dynamics. The more difficult or more dynamic exercises are to be done first. New skills should be learned before drilling in known skills or doing conditioning exercises. Speed exercises are to be done before dynamic strength exercises, dynamic strength exercises should be done before static strength exercises, and long-duration endurance exercises should be done at the end of the main part of a workout.

The optimal sequence of tasks in the main part is (Bompa 1994; Kukushkin 1983; Vorobiev 1988):


	learning a new technique or tactics;

	developing speed or coordination in this new technique;

	developing strength (general or specific for the learned skill); and

	developing endurance (general or specific for the learned skill).



Short speed or strength efforts are usually introduced before long endurance efforts because the former create a favorable psychological background for the latter (Kukushkin 1983).

The techniques of such sports as weightlifting and the throwing events of track and field may be performed after speed exercises because these techniques require a lot of strength.

The above does not mean that a single workout should cover all these tasks. It means that as the workout progresses, its accent generally shifts toward exercises of longer duration, demanding progressively less coordination. A single workout can also be dedicated to the realization of only one of the above tasks—for example, endurance. Dedicating the whole workout to one task makes it more effective in the realization of the task than multitask workouts and makes directing the training process easier.

Occasionally speed or technical exercises are done after strength or endurance exercises. This sequence is followed when athletes are nearing the competition period, their mastery of the technique is good, and they need to learn how to use the technique when fatigued. Another situation when strength exercises are performed immediately before technique is given by Ben Tabachnik (Brunner and Tabachnik 1990): short sets of exercises with heavy resistance can act as a stimulant before track-and-field throws. For example, a discus thrower does two sets of 2–3 repetitions of squats with 90% of 1RM (one repetition maximum), rests a few minutes, and then throws the discus.

Cool-Down

When the main part of the workout is over, it is then time for the cool-down—gradual lowering of the intensity of exercises until athletes stop sweating and their breathing feels normal. The cool-down proper should include exercises that slow down the physiological functions of the athletes’ bodies and enhance recovery after the workout. It may start with a slowed-down version of the last exercise of the main part or a low-intensity ball game.

The cool-down may be used for performing exercises that correct posture defects resulting from the sports training or of other origin. When the athletes breathe normally, they can do some muscle stretching. Usually mostly static stretches are used here. One can start with the more difficult static active stretches that require a relative freshness. After an athlete has achieved his or her maximum reach in these stretches, he or she can move on to either isometric or relaxed static stretches or both, following the isometric stretches with relaxed stretches.

Athletes who need a precise sense of time (duration of the round) or space (size of ring or mat) can use the cool-down for exercises perfecting these abilities. The coach selects a time period, gives a signal and all athletes walk around and each stops when he or she feels that the set amount of time has elapsed. To improve the feel of the ring or of the mat, blindfolded athletes move, either individually or in rows, to assigned spots or lines, stopping when they believe they are on their mark.

It is good to end the cool-down with walking, especially if the workout included nonheterolateral movements, such as a homolateral gait, bicycling, rowing, weight-pulling or weight lifting with both arms. Vigorous walking using the heterolateral gait pattern reorganizes one neurologically, restores the balance of cerebral hemisphere activity (a condition of creativity), and relieves stress (Diamond 1983). If the workout is held indoors in a confined space, such an after-the-workout walk can also be done outdoors for a better effect. Jogging and walking outdoors, in a park or in natural surroundings, is best for speeding up recovery and calming down athletes after a workout. This is especially important after workouts just prior to important competitions.

After all exercises of the cool-down, the coach should briefly evaluate the objectives fulfilled in this workout.





Structure of a Microcycle

Rational doses of effort, followed by adequate rest, cause the body not only to compensate for the loss of energy sources and building materials used in the effort but to compensate in excess (supercompensate). Through supercompensation it is possible to increase the work capability of the body. The frequency of workouts should be such as to hit the phase of supercompensation often enough to ensure growth. If the rest breaks between workouts are too short or too long, the supercompensation phase is missed, and the next workout hits a phase of reduced work capability, either before or after the supercompensation.

The recovery of all systems affecting the functional abilities of the body does not proceed simultaneously (Farfel 1964a; Mika 1992). Various systems recover, and thus can reach supercompensation, in different lengths of time. This allows the athlete to work out daily or even several times a day, without overtraining, provided that the content of each consecutive workout stresses the system that has sufficiently recovered and does not adversely affect the recovery of other systems.
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Figure 4. Diagram of recovery of speed (1), anaerobic capability (2), and aerobic capability (3) after speed workout, anaerobic endurance workout, and aerobic endurance workout.



The shortest cycle of interrelated workouts, ending with a day of rest and resulting in supercompensation, is called a microcycle. A microcycle consists of at least one training phase and one recovery phase. The training phase may have several workouts. The recovery phase may consist of a day of complete rest, special restorative treatments, or of active rest.

During periods of the most intensive training, of high-level mature athletes, recovery in several consecutive microcycles may be purposely insufficient. Working out with progressive fatigue in a series of microcycles allows very well-trained, mature athletes who are at the stage of maximal realization of their potential (the mastery stage) or the stage of stabilization of results (see chapter 16, “Long-Term Planning”), to maximally mobilize their capabilities. Such a series of microcycles must be followed by one or more microcycles with a relatively low training load for recovery and adaptation. In such a system mature athletes can achieve greater supercompensation than if they fully recovered in each microcycle. Allowing fatigue to accumulate during consecutive microcycles in the training of still-maturing athletes, before the stage of maximal realization of their potential in their athletic career, leads to overtraining (Platonov 1997).

Theoretically, the shortest microcycle could last two days. In reality that rarely happens. Usually the training phase and recovery phase are repeated a few times during the microcycle, with the last recovery phase coinciding with the end of the microcycle. An average of five to six workouts (minimum three to four) in a week allows for co-influence between these workouts (Naglak 1979). The number of phases in a microcycle depends on that microcycle’s duration (Matwiejew [Matveev] 1979b). A weekly microcycle, for example, can have two training phases, each consisting of two or three workouts separated by a lighter workout or by active rest, and ending with a day of active rest or complete rest.

Weekly microcycles are most common because they agree well with the normal schedule of life and also with the natural biological cycles lasting about seven days. Microcycles of other durations, as short as three days or as long as two weeks, are usually used during a competition period when the schedule of life changes and an athlete has to adapt to the rhythm of forthcoming competitions (Platonov 1997).

The structure of a microcycle varies depending on specific features of the sport, current training tasks, and reactions of individual athletes. Even within one sport there cannot be one universal structure of a microcycle because it must take into account the content of training, an athlete’s form, and external factors—which all constantly change (Dziasko et al. 1982).

Workouts with maximal and close to maximal training loads, called main workouts, determine how a microcycle is planned. For example, in a workout dedicated to speed-endurance, the training load is maximal and recovery allowing for repeating it may take 72 hours; in a strength or strength-endurance workout the training load is less than maximal and recovery may take 48 hours. In an aerobic endurance workout with a big but not maximal load the recovery may take 72 hours (Soldatow 1969). The recovery time dictates when one can repeat a given type of workout.

Knowing that different systems recover at different rates after a given type of effort, a coach can schedule additional workouts to be done in the periods between main workouts. These additional workouts maximize the effect of the main workouts and maintain continuity of the training process. Each of these additional workouts is dedicated to a different task, with training loads oscillating from small to big. The function of each may be to either increase the effect of the main workout by delaying and increasing supercompensation, or to speed up recovery after the main workout by means of active rest, and either to realize additional tasks (such as preventing flexibility loss after strength or endurance workouts), or to realize tasks of secondary importance at this stage of training (Matwiejew [Matveev] 1980).

Every workout is tied to the workouts preceding and following it. Its content and structure depend also on the total number of workouts in a microcycle and on the sum and distribution of training loads in a microcycle (Matwiejew [Matveev] 1980). In endurance sports, repeating main workouts before achieving full recovery is done more often than in speed-strength sports. For developing endurance, it is effective to repeat the same training load before an athlete has recovered. This increases the eventual supercompensation at the end of a microcycle. Recovery after a series of workouts conducted without full recovery improves endurance 40–42% over its initial level. After one workout improvement is 3–7% only (Naglak 1979).

In the 1960s working out with big loads “until refusal” was done not more often than twice weekly, but currently it is done even daily (Platonov 1997). The recovery times for today’s high-class athletes have become shorter. Supercompensation after an exhausting aerobic endurance workout took six days in the ’60s. In the ’80s it occurred on the third day while the amount of work performed until exhaustion was 3 or 4 times greater than earlier (Platonov 1997). In planning a microcycle or any period of the training process, the coach cannot only take into account the total workload in all exercises. The sequence of the types of effort also has great importance. Studies of the recovery period done in the ’60s (Soldatow 1969) have shown that full recovery, after an endurance workout that was preceded by a speed workout, usually occurs after 48 hours. When the speed workout follows the endurance workout, recovery takes 72 or even 96 hours. (For today’s top-level athletes these recovery times may be much shorter [Platonow {Platonov} 1990].) After a brief anaerobic effort it may take only 3–8 hours for athletes to recover enough to work out again. After exhaustive aerobic efforts, full recovery may take a few days. Even though athletes might recover sufficiently to work out again the next day, or within the same day, after three days of working out enough fatigue accumulates to require a day of complete rest or active rest. The results of subsequent workouts will be adversely affected if continued for more than three days without some form of rest (Naglak 1979).

Researcher N. G. Ozolin (1971) offered the following sequence as a guide for the succession of workouts in a microcycle:


	Technical (learning or perfecting technique at medium intensity)

	Technical (perfecting technique at submaximal and maximal intensity)

	Speed

	Speed-endurance (anaerobic endurance)

	Strength with submaximal and maximal loads

	Muscular endurance with medium and low loads

	Muscular endurance with high and maximal intensity

	Aerobic endurance with maximum intensity

	Aerobic endurance with medium intensity



The above sequence is only a guide. One or more workouts can be skipped but the sequence should not be reversed.

The following sequence of workouts: speed, strength, speed-endurance (anaerobic endurance), aerobic endurance, if repeated often may lead to overtraining, although it appears to follow the preferred sequence of workouts. In this example the neuromuscular system is stressed in the first two days, while in the next two days the vegetative system is stressed. Frequently repeating such an arrangement is one of the causes of overtraining. A better arrangement is following a day of workout stressing the neuromuscular system with a day that stresses the vegetative system (Naglak 1979). Workouts in microcycles with two workouts per day are similarly arranged. Days with workouts stressing the vegetative system (anaerobic endurance workout, aerobic endurance workout) are interspaced with days stressing the neuromuscular system (speed workout and strength workout), and there are days when each workout of the day stresses a different system (Matwiejew [Matveev] and Jagiello 1997).

Matwiejew [Matveev] and Jagiello (1997) conducted research on the national judo teams of Ukraine and of the Commonwealth of Independent States to find out when and what type of workouts should be done depending on the sequence of preceding workouts. The conclusions of their research apply to training for any sport. In the first stage of their research, they established the sequence and time of recovery for various abilities after different workouts with big loads.

After an aerobic endurance workout with a heavy load (for gradation of loads see subchapter Definitions in chapter 1 and table 9 in chapter 17), speed recovered after 24 hours, strength in about 36 hours, anaerobic endurance (intensive efforts up to 5 minutes) in more than 48 hours, and aerobic endurance in more than 72 hours.

After a workout with a heavy load dedicated to anaerobic endurance, aerobic endurance recovered in 24 hours, strength in about 36, speed in more than 48, and anaerobic endurance in 72 hours. After a speed workout with a heavy load, aerobic endurance recovered in more than 24 hours, anaerobic endurance in more than 36, strength in more than 48, and speed in more than 72 hours.

After a workout with a heavy load dedicated to speed-strength, aerobic endurance recovered in more than 24 hours, anaerobic endurance in about 36, strength in more than 48, and speed in 72 hours.

After a workout with a heavy load dedicated to strength-endurance, speed recovered in 24 hours, aerobic endurance in 36, strength in 48, and anaerobic endurance in 72 hours.

The second stage of Matveev and Jagiello’s research dealt with the influence of subsequent workouts on recovery. They found that following a workout with a heavy load with another workout with moderate load of the same type (say, two endurance workouts) within the same day increases fatigue and delays recovery. But if the second workout with a moderate load was of a different type (for example, a speed workout following an endurance workout), then it shortened the recovery! They got similar results when workouts were 24 hours apart.

Recovery after an anaerobic endurance workout with a heavy load followed the next day by an aerobic endurance workout with a moderate load proceeded as follows: strength in less than 24 hours after the second workout, speed in 24 hours after the second workout, anaerobic endurance in 48 hours after the second workout, and aerobic endurance in 72 hours after the second workout. Recovery after an aerobic endurance workout with a heavy load followed the next day by a speed workout with a moderate load proceeded as follows: aerobic endurance in less than 24 hours after the second workout, strength in 24 hours after the second workout, anaerobic endurance in 48 hours after the second workout, and speed in about 72 hours after the second workout (Matwiejew [Matveev] and Jagiello 1997).

The third stage of Matveev and Jagiello’s research used the principles or patterns of recovery revealed in the previous stages to design and test weekly sequences of workouts (microcycles). They tested workout sequences in the so-called shock microcycles in which both volume and intensity of training load are drastically increased as compared to typical microcycles, in which the increase of the load in subsequent microcycles is gradual. The purpose of the shock microcycle is to suddenly raise athletic form by doing as many workouts with heavy loads in a week as possible, and the researchers wanted to find which sequence of workouts will accomplish that without hurting or overtraining the athletes.

Their research revealed that in effective workout sequences heavy or moderate loads follow workouts developing other abilities with light or moderate loads. (A light load is 20–30% of the heavy load volume and a moderate load is 40–60% of the heavy load volume.) Then, after any type of workout with a heavy load the following workout should have a light or at most a moderate load. In case of microcycles with two workouts per day only one workout of any type may have a heavy load.

The content of each workout of a microcycle depends on the previous workouts, on the workouts that will follow it, and on the type and amount of rest. This is especially clear in microcycles with many workouts in one day. In such a case, the effect of the first workout will influence the warm-up and the type and amount of work in the second workout. The planning of the third workout will depend on the combined effect of the two preceding workouts. The training load of each workout is smaller than if there is only one workout in a day. If the first one of two workouts in a day is very intensive and long, the second one ought to consist of simple and nonfatiguing exercises.

The following factors have to be considered when planning a microcycle:


	The function of the microcycle and its place in larger structures—the mesocycles and the macrocycles. During the general preparation period of a macrocycle, microcycles include a wide variety of workouts for a well-rounded development of abilities and skills. This affects the number of main workouts, their sequence, and the work loads. During the sport-specific preparation period, before main competitions, the content of microcycles narrows down to perfection of the competitive activity, and the structure of the microcycles reflects the program of competitions.

	Requirements of the sport and the training level of the athlete. As the level of abilities of the athlete grows, so does the load in the training phase. In endurance sports, workouts are often held before full recovery occurs.

	Individual reactions to training, depending on the preceding workouts and rest, as well as on phases of the athlete’s biological cycles. Coordinating phases of the microcycle with a 5- to 7-day biocycle helps to increase the training level (Matwiejew [Matveev] 1980; Matveyev [Matveev] 1981).

	The schedule of the athlete’s work (if an athlete holds a job in addition to sports training). At the initial stages of a long-term training process, and in cases where athletes cannot afford not to work, the microcycle has to be planned on a weekly basis. This is not always best for the training process, but it permits the coordination of workouts with everyday life.







Types of Microcycles

1. General Preparation Microcycle. This is the type of microcycle being used mostly at the beginning of the preparation period of a macrocycle and when it is necessary to increase the proportion of general training. Workouts in this microcycle have to develop the main physical abilities of the athlete.

2. Sport-Specific Preparation Microcycle. This type of microcycle has a greater proportion of sport-specific exercises for developing sport-specific form. The structure of the microcycle is determined by its task: to develop the skills and abilities necessary for competing in the selected sport.

Both general and sport-specific preparation microcycles have ordinary and shock versions. In an ordinary microcycle, intensity is below the ultimate level and loads are increased gradually and uniformly in consecutive microcycles. In a shock microcycle, the intensity of the load is increased suddenly, while maintaining considerable volume (Matwiejew [Matveev] 1980; Platonow [Platonov] and Sozanski 1991).

In the training of advanced athletes, shock microcycles form most of the preparation period and are widely used in the competition period (Platonov 1997; Platonow [Platonov] and Sozanski 1991). Shock microcycles quickly improve athletic form but only if led up to and followed by microcycles with the right type and amount of work. Young, growing athletes hardly ever are exposed to heavy loads and shock microcycles.

At the beginning of the preparation period, training loads in shock microcycles can be more than double the load of the ordinary microcycles preceding them. As training progresses and the loads in all types of microcycle increase, the difference between training loads in ordinary and in shock microcycles is reduced; during the competition period it may be about 50% (Platonov 1997).

3. Precompetition Microcycle. The content of such a microcycle depends on the athlete’s condition, and the method selected to bring an athlete to competition level. Usually the volume of training loads in precompetition microcycles is relatively low. Depending on the athlete’s needs, however, a workout with a great or a big training load may be done at the beginning or in the middle of this microcycle (Platonov 1997). Workouts are highly sport-specific to prepare the athlete for a particular competitive activity. Recovery and mental preparation for forthcoming competitions are given special importance in these microcycles.

4. Model Microcycle. A precompetition microcycle may reproduce or model the distribution of efforts and rest in competition (the alternation of days of competition and intervals between them, the time and the order of coming out on the field on the day). If the main competition lasts one or two days, then it can be modeled within a part of a weekly microcycle. If the competition is spread over more than one week, then two or more microcycles may be used to model it. How closely a precompetition microcycle models the schedule of competitions depends on how similar the schedule of competitions is to the regular training (Matveyev [Matveev] 1981). A model microcycle can be used in the sport-specific preparation period as a means of familiarizing athletes with competition and reducing prestart anxiety. Usually, the greater the training load in a model microcycle, the shorter it is and the fewer workouts in it (Dziasko et al. 1982).

5. Contrasting Microcycle. The efficiency of precompetition training can be increased by introducing the so-called contrasting microcycles between precompetition or sport-specific preparation microcycles. Contrasting microcycles differ in their loads and type of exercises from the sport-specific microcycles. These differences grow as the competition nears. The sport-specific (precompetition or sport-specific preparation) microcycles mimic more and more closely the efforts of the competition, while the contrasting microcycles are increasingly dissimilar to them—for example, they use exercises of general preparation and have a low intensity of work (the “pendulum principle” see figure 5). The effect of the training loads is greatest in sport-specific microcycles but lower in contrasting microcycles. In certain cases, the contrasting microcycle may immediately precede competitions. Some of its workouts are the opposite of the typical precompetition workouts.

6. Competition Microcycle. The only goal of competition microcycles is to secure the best conditions for successful performance. Besides participation in the competition, such a microcycle includes the activities preparing for the competition, maintaining form between days of competitions, and aiding with recovery after the competition. Depending on the number of days between starts, the competition microcycle can include sport-specific workouts.

The number of days in a competition microcycle varies depending on the frequency of competitions.

7. Restoration Microcycle. This type of microcycle is used after a series of shock microcycles and after a series of important competitions. Workouts are conducted in a different environment and the exercises are changed to help with the recovery processes.

A restoration microcycle has a relatively low volume and intensity of work and includes a greater number of days of active rest. The total duration of work in a restoration microcycle can be one-half of what it was in the shock microcycles preceding them and the total amount of work may be one-third or even one-quarter of the work in a shock microcycle (Platonov 1997). The greater the load in the shock microcycle, the lower the load in the restoration microcycle (Platonov 1997).





Structure of a Mesocycle

Several microcycles (2–6) make one mesocycle. Usually a mesocycle lasts from two to four weeks. The most popular duration of a mesocycle is four weeks (Platonov 1997). The types of microcycles making up the mesocycle, and the amount of work in them, depends on factors similar to those that are considered when planning a microcycle, that is, the athlete’s condition, means of recovery, system of competitions, and rest intervals between them. In addition to the regularities determining the optimal structure of the microcycle, there are specific regularities in the development of athletic form in a series of microcycles, such as regularities of summing up of training effects in periods longer than a week. Various adaptive changes in the body, in response to training loads, occur at different times. Some systems respond with greater delay than others. One example of this is the marching fracture experienced by military recruits. Initially recruits improve their marching speed and distance and then, if their complaints about painful feet are not heeded and the amount of marching is not reduced, they develop stress fractures that could have been prevented by refraining from marching and running during the third week of basic training (Jones 1983).

Usually training loads in all types of mesocycles follow a curve that initially rises, then declines. This end point, which is higher than the low point at the beginning of the mesocycle, comes in the last microcycle (it may be an ordinary preparation microcycle or a restoration microcycle). Mesocycles, with their higher and lower phases of work loads, prevent the unwanted cumulative effect of a series of similar microcycles.

L. P. Matveev (Matwiejew [Matveev] 1980; Matveyev [Matveev] 1981), stated that certain research data supports taking into account the so-called physical biocycles, lasting 23 days, in planning mesocycles. These biocycles do not determine the outcome of competition, but they influence the effect of training loads (Matwiejew [Matveev] 1980).

The length of a mesocycle is also determined by the intensity of mental and physical efforts and, for mesocycles in the competition period, by the schedule of competitions. The tasks of the macrocycle decide the number of each type of mesocycle and their sequence in the macrocycle.

The purpose of the mesocycles that immediately precede competitions is to fine-tune the athlete’s skills and adapt the athlete to the schedule of competition rather than to build his or her form. The distribution of loads should follow the schedule of competitions (Platonov 1997).

Female athletes may need to plan the distribution of training loads in a mesocycle depending on their individual reactions to phases of their menstrual cycles. Training and competition efforts are worst tolerated during the premenstrual phase. Work capacity is also lowered during menstrual and ovulatory phases. The greatest training loads and the learning of new skills should be scheduled during those phases of the menstrual cycle when the athlete has the greatest work capacity and the loads should be lowered during phases when they are poorly tolerated (Platonov 1997). For example, female sprinters are scheduled for a light to medium volume of aerobic or mixed training loads during premenstrual (3–4 days) and menstrual (3–5 days) phases. The same type of load is done during the ovulatory phase (3–4 days). In the postmenstrual phase (7–9 days) and in the postovulatory phase (7–9 days), a high 76 3. Cycles in Sports Training to maximal volume of anaerobic work (speed-strength, speed) is done (Levchenko et al. 1987).





Types of Mesocycles

1. Introductory Mesocycle. This type of mesocycle begins a macrocycle. Usually it contains two or three general preparation microcycles and one restoration microcycle. The intensity of work in the microcycles of the introductory mesocycle is lower than in typical general preparation microcycles, while the volume may reach considerably high values, especially in endurance sports (Matwiejew [Matveev] 1980).

The number of such mesocycles done at the beginning of a macrocycle depends on the athlete’s condition before entering the new macrocycle. In normal circumstances (no injury, illness, or any other problems with maintaining good form), only one introductory mesocycle is done in the macrocycle.

2. Basic Mesocycle. This mesocycle is the main type of mesocycle used in both the general and sport-specific preparation periods of a macrocycle. This is the main type of mesocycle for developing abilities and forming skills. Sport-specific preparation and general preparation versions of the basic mesocycle differ in the type of microcycles they contain. Depending on the dynamics of the training loads, this mesocycle can be either “developing” or “stabilizing.” Basic developing mesocycles have training loads of both great volume and intensity. In one mesocycle of the sport-specific preparation period, the total volume for a high-ability long-distance runner may reach 2700 kilometers, 600 kilometers for high-ability swimmers, and 600 metric tons for high-ability weightlifters (Matveev 1999). (Not all athletes need to do such amounts of work to perform up to their potential.)

The basic developing mesocycle is usually followed by a basic stabilizing mesocycle. In a stabilizing mesocycle, the training loads stabilize at the level reached and do not increase in the course of the mesocycle. This facilitates adaptation to the new training load (Matwiejew [Matveev] 1980). The stabilization of training loads affecting a given movement ability (strength, endurance, speed) is done when this ability is developed sufficiently for the current needs. An increase of loads for further improvement of this ability would limit the time and energy available for the development of other abilities or skills that cannot be neglected. The coach might also recognize that an increase of the training load could lead to injury or overtraining.

The number of basic mesocycles in a macrocycle depends on the amount of time available for preparation for major competitions. Depending on the current training needs, a basic mesocycle may include various combinations of microcycles, mostly of the preparation type (general and sport-specific)—for example, two ordinary preparation microcycles, one shock microcycle, and one restoration microcycle; or two shock microcycles alternated with two ordinary microcycles; or one ordinary microcycle, two shock, and one restoration microcycle (Kukushkin 1983; Matwiejew [Matveev] 1980). The longer the period of hard work in the mesocycle, the longer the recovery period needs to be. After two or three shock microcycles, one restoration microcycle may not be enough for the athlete to recover, so two or three may be needed (Platonov 1997).

3. The Test (Control-and-Training) Mesocycle. This mesocycle combines work for developing athletic form with competitions that are suitable for testing and training. The content of this mesocycle is determined by the results of these test competitions. In cases where athletes lack sport-specific form, it may mean intensifying the sport-specific preparation, or lowering the training loads in cases of prolonged fatigue. The correction of serious flaws in skills and deficiencies in abilities that are detected in this mesocycle may affect the plan of the following mesocycles. A test mesocycle may consist of two competition microcycles or preparation shock microcycles, each followed by one preparation microcycle or a restoration microcycle (Matwiejew [Matveev] 1980; Platonov 1997). The test competitions are approached without necessarily bringing the athlete to a peak competing level.

4. The Precompetition Mesocycle. This mesocycle has the task of reproducing the schedule of the forthcoming competition, adapting the athletes to conditions (climate, altitude) of the competition and, at the same time, fine-tuning the skills and abilities needed for the competition. The main types of microcycles are the model competition microcycle and the preparation microcycle. The total training load is reduced before a main competition because sports results are not highest when the training loads are increasing, but when the loads stabilize or drop (Matveev 1999).

If there is more than one important competition in a yearly macrocycle, the precompetition mesocycle, constructed to suit these competitions, may be used before each of them. For competitions of lesser importance, preparation may consist of just one microcycle of the precompetition type.

In the 1970s forming the mesocycle immediately preceding the main start (precompetition mesocycle) according to the “pendulum principle” came into use. In such a mesocycle, the precompetition model microcycles with increased sport-specific training loads are alternated with contrasting microcycles that have an increased proportion of general aerobic exercises such as continuous running under the anaerobic threshold, a decreased training load, and an increased amount of active rest. The rhythm of these alternating microcycles is such as to ensure that the phase of increased mobilization occurs at the time of competition (Tumanyan 1973). The duration of the sport-specific microcycles is similar to that of the upcoming competitions. The duration of the contrasting microcycle depends on the time needed for supercompensation to occur but not so long that athletes get out of the “groove”—for example, in the case of wrestlers, lose the sense of mat; in the case of swimmers, the sense of water.


[image: Figure 5. Mesocycle formed according to the pendulum principle (Tumanyan 1973).]
Figure 5. Mesocycle formed according to the pendulum principle (Tumanyan 1973).



A precompetition mesocycle may also consist of several model precompetition microcycles with alternately higher and lower training loads (a model microcycle with a higher load usually is shorter and has less workouts in it), ending with a precompetition microcycle that has a lowered load and an increased amount of active rest, ensuring the recovery and maintenance of athletic form for competition (Dziasko et al. 1982).

Examples of microcycles in a precompetition mesocycle according to L. P. Matveev (Matwiejew [Matveev] 1979a).


	Preparation, Model, Preparation, Model, Precompetition

	Model, Preparation, Preparation, Model, Preparation, Precompetition (This arrangement may be used if an athlete has to perform a big volume of work before the main competition.)



5. Competition Mesocycle. This mesocycle is used during main competitions when there are intervals of no more than one month between important starts. They may consist of just two microcycles—one precompetition and one competition; or of three—one precompetition, one competition, and one restoration microcycle. The structure of the competition mesocycle depends on the number, importance, and sequence of competitions, and the laws of maintaining athletic form (see the Principle of Gradual Increase of Loads in chapter 2).

In team games that have a very long competition period, some competition mesocycles also have to fulfill the tasks of basic and test mesocycles. Such mesocycles are planned when official games are relatively infrequent—for example, three in a four-week mesocycle. These mesocycles are composed of complex microcycles that, apart from preparing for the forthcoming game, improve athletes’ conditioning together with technical and tactical skills and include workouts with very heavy or heavy internal training loads. Standard competition mesocycles are done when athletes play more than one official game per week during a mesocycle (Platonov 1997).

6. Restorative (Intermediary) Mesocycle. This mesocycle, which may be either preparatory or maintaining, is placed between competition mesocycles if many important competitions are spread over a long competition period, and at the end of the macrocycle in the transition period.

The restorative preparatory mesocycle has to restore and improve the training level after a series of competitions. It may consist of two restoration microcycles (beginning and ending the mesocycle) and two preparation microcycles placed between the restoration microcycles (Matwiejew [Matveev] 1980).

The restorative maintaining mesocycle has to restore working capability and maintain it at a sufficient level. The form, content, and conditions of the workouts are changed often to improve the recovery process.





Structure of a Macrocycle

Athletic training is organized in longer cycles consisting of several mesocycles, called macrocycles. Each macrocycle may be divided into three main periods: preparation period (subdivided into the general and the sport-specific preparation periods), competition period, and transition period.

The length of each period must ensure completion of its tasks and depends on the initial level of preparation, the demands of the sport, and the schedule of competitions. The whole preparation period must last for as long as it takes to improve an athlete’s form and prepare for competitions. The duration of the competition period is limited by the length of time an athlete’s form can be maintained. The transition period, which ends a macrocycle, must allow for full recovery after the strenuous efforts of competing. Durations of training periods differ for various sports—preparation periods and competition periods of a soccer player are different from those of a marathoner.

The rationale for the macrocycle structure described above and for repeating it cyclically is this: A great volume and low intensity of training loads (work), applied over a long time, causes lasting morphological changes in the athlete’s body, but the volume of training in any given period of time cannot be expanded indefinitely. On the other hand, high-intensity training quickly raises athletic form but makes this form unstable. Sports training that is intensive enough to develop competitive form will eventually cause overtraining (Matveyev [Matveev] 1981). Maintaining athletic form for a prolonged time would mean a protracted use of intensive training methods and a limited variety of exercises. Because of a person’s adaptation response, however, these intensive and unvaried exercises would have to be done with increasing loads that eventually could reach levels unsafe at a given stage of development. For this reason, an athlete’s form is allowed to temporarily drop at the end of the cycle after major competitions. This allows the athlete to recover and forget those elements of his or her skills that in their present internal and external structures may impede his or her progress. In the next cycle of training these elements of skills can be relearned at the new, higher level (Matveyev [Matveev] 1981; Kukushkin 1983).

The yearly schedule of competitions ought to be planned taking into account the periodization of the training. Competitions of little importance should coincide with the preparation period, while important ones should be planned for the end of the training cycle, in the competition period.





An Alternative Explanation of Periodization

There is an alternative way of naming periods of training (Zaremba 1982). Knowing its terminology may make understanding the purpose of each period easier.

The three training periods—accumulation, intensification, and transformation (corresponding respectively to the general preparation period, sport-specific preparation period, and competition period)—lead to the start in the main competition. In the period of accumulation, the athlete accumulates morphological and functional changes by performing a high volume of training work with an intensity or speed of movements that is naturally easy for him or her to maintain. This level of speed is called “individually stable speed.”

In the period of intensification, the athlete uses sport-specific exercises with a form of movements specific to his or her sport and a speed of movements increasingly greater than the individually stable speed. That intensity or speed of movements, called “individually unstable speed,” cannot be maintained for a prolonged time and requires longer periods of rest than the time of work in an exercise. Older, more advanced athletes can increase the length of this period at the expense of the period of accumulation.

In the period of transformation, form accumulated and intensified previously becomes transformed into sports results. Exercises in this period are highly specific as increasingly important starts lead to the main start of the season. To prevent overtraining and a loss of general form, some work of the type used in the period of accumulation (general exercises) is done. Prolonging the period of transformation beyond 2–3 mesocycles leads to exploitation of the athlete.

The final 1 or 2 microcycles of the transformation period are filled with the ultimate efforts of the main competition and with a recovery of competitive form.

The period of transformation is followed by 4–6 weeks of detraining where general exercises of low intensity and increasing volume are done. The proportion of mesocycles in these three periods may be 5:2:3 or 5:1:2.


Table 3. Typical exercises used in periods of accumulation, intensification, and transformation in track and field (Zaremba 1982).

[image: Table 3. Typical exercises used in periods of accumulation, intensification, and transformation in track and field (Zaremba 1982)..]






Periods of a Macrocycle

Each period of a macrocycle—preparation period, competition period, and transition period—has a different focus and thus different content and structure.

The Preparation Period has to develop abilities and skills that are the foundation of desired competition results. The greater the adaptive potential of an athlete, the less time is needed to reach desired athletic form and thus end the preparation period (Naglak 1979; Platonow [Platonov] 1990). The preparation period in speed-strength sports is usually shorter than in endurance sports. Seasonal sports have a longer preparation period than those with competitions year-round (Platonow [Platonov] 1990).

The results achieved in the preparation period indicate the level of competitive form that can be achieved in this macrocycle. As a rule, these results ought to exceed the results from the corresponding phase of the previous macrocycle.

The preparation period is divided into two subperiods: the general preparation period and sport-specific preparation period.

a. General Preparation Period. This period has a greater proportion of general exercises than other periods. Matveev (Matveyev [Matveev] 1981) gives these guidelines for the proportion of general exercises: 50–40% of the training time for advanced and 75–60% for beginners. The higher percentages are at the beginning of this period and then the proportion of the general exercises declines to the lower values.

The task of the general exercises in this period is to increase the general abilities (strength, speed, endurance, for example), and to renew and increase the level, amount, and versatility of skills. Directed exercises and sport-specific exercises are used to develop the foundations for sport-specific abilities and for mastering the skills and knowledge needed in the techniques and tactics of the sport. Competitive exercises are used sparingly, mostly as a form of modeling for future competitions, or in a simplified form. Competitive actions should not be repeated too frequently in their proper form (that form in which they were mastered in the previous macrocycle), because this would only solidify the skills at the old level.

In the general preparation period both the volume and intensity of training work increase, but the volume grows more quickly. Intensity is increased only so long as it does not interfere with the increase of volume. Great intensity of training work could cause a temporary, but unstable, improvement of athletic form. The stability of form depends on the volume of work and the length of time over which it was performed.

Training loads increase during this general preparation period in different ways, both in general exercises and in sport-specific exercises. The volume of work in general exercises increases very quickly. High-ranking athletes of speed-strength sports may already reach the maximal total volume of training work in a given macrocycle in the general preparation period (Naglak 1979). In speed-strength sports the volume of work in sport-specific exercises increases slowly, but their intensity rises quickly to the highest level. In endurance sports the intensity of sport-specific exercises increases more slowly (Matveyev [Matveev] 1981).

Athletes in poor shape require a very gradual introduction of intensive exercises. The lower the capability of the athlete, the lower the intensity of the loads used for perfecting technique.

Introductory and basic mesocycles are used at this stage. Because of the relatively low intensity of training loads, the basic mesocycles are longer (for example, 6 weeks) at this stage than in later stages (Kukushkin 1983).

The general preparation period in the case of beginners is longer than the following sport-specific preparation period.

b. Sport-Specific Preparation Period. This period prepares the athlete for achieving the competition goal set for this macrocycle on the foundation of general fitness provided by the general preparation period. Most of the training time is occupied by exercises that integrally develop sport-specific forms of abilities and technical and tactical skills, as well as special psychological preparation for the target competitions. The athlete’s form is built by exercises that ever-more-exactly reproduce the actual competitive actions. The competitive method of training is increasingly used at this stage of the macrocycle.

Matveev (Matveyev [Matveev] 1981) gives this guideline for the proportion of general exercises during the sport-specific preparation period: 30–40% of the training time.

As the sport-specific preparation stage nears its end, controltraining and trial competitions become more frequent. Consequently, the test mesocycle, including a series of competitions with limited responsibility, is used at this stage.

The intensity of sport-specific exercises and the volume of competitive exercises grow at the beginning of this period (the intensity of competitive exercises is always high). The total volume of training loads stabilizes and then declines as their intensity grows. Increasing both the total volume and the intensity of training work in this period would lead to overtraining. The morphological changes necessary for specialization are still present thanks to the great volume of work that was performed in the general preparation period, so a further increase of volume in the sport-specific preparation period is not needed. Initially the total volume is reduced by cutting the volume of the general exercises, while the volume of the sport-specific exercises continues to grow. Eventually the volume of sport-specific exercises stabilizes and gradually declines. The volume of competitive exercises and of those sport-specific exercises that are closely related to the competitive actions continues to grow, however.

The increase in the total intensity of training loads causes mesocycles to become shorter, lasting from 3 to 4 weeks (Kukushkin 1983). Shock microcycles and restoration microcycles are used more frequently in mesocycles of this period.

In endurance sports, such as long-distance running, the preparation period is prolonged. The following arrangements of mesocycles can be used in the preparation period of the macrocycle (Matveyev [Matveev] 1981).


	Introductory mesocycle

	Basic (general preparatory, developing) mesocycle

	Basic (stabilizing) mesocycle

	Basic (sport-specific preparatory, developing) mesocycle

	Test mesocycle

	Basic (sport-specific preparatory, developing) mesocycle

	Precompetition mesocycle



In speed-strength sports there may be two or more competition periods in a year. In the case of two competition periods, a doubled macrocycle can be used with the following arrangement of mesocycles in the preparation periods of each (Matveyev [Matveev] 1981).

First part of a doubled macrocycle


	Introductory mesocycle

	Basic (general preparatory, developing) mesocycle

	Test mesocycle

	Basic (sport-specific preparatory with precompetition elements) mesocycle followed by the first competition period with its mesocycles.



Second part of a doubled macrocycle


	Basic (general preparatory, stabilizing) mesocycle

	Basic (sport-specific preparatory, developing) mesocycle

	Precompetition mesocycle followed by the second competition period



The Competition Period. This period may start with control-training competitions and end with major competitions. In cyclic sports important competitions occur within the space of 2–3 months. In team games the period of important competitions may last 8–10 months (Platonov 1997).

The length of the competition period is limited by the ability of the athlete to maintain form without detriment to future progress. The main task of the competition period is to achieve optimal competition results, that is, maximal for a given stage of development, provided such results do not preclude greater results in the future. Skills and abilities that are essential for achieving the planned results are perfected, while the overall training load is stabilized. Separate components of the training may change to suit the requirements of a particular competition, but radical changes in the structure of the training loads cannot be made in this period because it would cause a loss of competitive form (Kukushkin 1983).

Sport-specific exercises are used to develop a maximum (in a given macrocycle) level of sport-specific athletic form. General exercises occupy just enough training time to maintain the general athletic form and to remedy the adverse effects of extensive use of sport-specific exercises. While maintaining the athlete’s general form takes very little work, the volume of the “remedial” general exercises may increase together with an increased intensity of sport-specific exercises. An example of a remedial general exercise after an intense anaerobic workout may be a light aerobic effort, below the anaerobic threshold (McArdle, Katch, and Katch 1991; Wawrzynczak-Witkowska 1991), preferably of a different character and in different surroundings than a regular workout, to speed up recovery and refresh the athlete mentally. The greater the volume of very intensive efforts, the greater the volume of such light aerobic exercises (Platonov 1997).

The adaptability of technical and tactical skills to various situations, the perfection of coordination in techniques, the perfection of efficient technical and tactical actions, and the development of tactical thinking are stressed in the competition period. The tasks of psychological training are to prepare the athlete for a particular competition, to develop the ability to regulate emotions and mobilize willpower during competitions, and to develop the ability to deal with failures.

Competitions mobilize the athlete for the highest achievements. Such mobilization occurs at the cost of reserves of the athlete and is difficult or impossible to achieve in normal workouts. For this reason competitions play an important role in perfecting technique and in developing specific competition endurance and psychological stability. Once the necessary level of fitness is achieved, thanks to the general preparation and sport-specific preparation periods, properly chosen competitions are the most important means for a further improvement in competitive form.

To be an effective means of improving competitive form, competitions have to be sufficiently frequent (Matveev 1999). In speed-strength sports and in ball games there are 20–40 competitions including preparatory competitions and the main competitions in a competition period, which means competing more often than once a week. In multievent sports and in endurance sports the competitions are less frequent.

The exact number and rank of competitions that an athlete enters depends on the individual characteristics of the athlete and on the sport. The majority of competitions in a macrocycle, including the competition period, are actually just training for the main competitions. Bompa (1994) gives the following rules for using competitions in training:


	an athlete should enter a competition only if he or she is capable of achieving the training objective for this competition;

	competitions should be progressively difficult and challenging;

	far superior opponents should not be absolutely avoided;

	too many competitions are detrimental to training; and

	an athlete should peak during the main competitions.



A series of starts with short, two- or three-day intervals between them, are effective in training high-ranking athletes. The structure of the loads in such a series of starts is similar to a microcycle with some workouts performed without full recovery. This greatly stresses the athlete’s body and, if followed with an adequate type and amount of rest, further develops competitive form (Matveev 1999). The main competitions, very few in the competition period, are the focal point of all sports training in a macrocycle. The interval between such major competitions is long enough for complete recovery.

Depending on the length of the competition period, it is made up of various types of mesocycles. When the competition period is short, up to two months, it may consist of two to three competition mesocycles, each including a precompetition microcycle, the main competition, and a restoration microcycle (see competition mesocycle). When the competition period is longer, three or four months or more, the restorative and precompetition mesocycles are added (Kukushkin 1983). Restorative mesocycles are needed to maintain or even improve the level of general training, which declines in competition mesocycles. They also prevent the unwanted side-effects of repeated competition loads and break the monotony of repeated starts. The ability to achieve high sports results temporarily drops in these mesocycles, but it does not result in a loss of athletic form.

Precompetition mesocycles are used when the particular conditions (climate, altitude) of the main competition require long adaptation.

Mesocycles in a competition period may be arranged in the following sequences (Kukushkin 1983).


	Competition, Competition, Restorative (maintaining), Competition

	Competition, Competition, Restorative (maintaining), Competition, Restorative (preparatory), Competition

	Competition, Competition, Restorative (maintaining), Competition, Precompetition, Competition



The exact arrangement of mesocycles depends on the length of the competition period, how the competitions of various importance are distributed within it, and on the conditions of competitions. In a short (6–8 weeks) competition period, the dynamics of the training loads may continue tendencies that were found in the sport-specific preparation period. This usually means a gradual lowering of volume and an increase or stabilization in intensity of training work.

In long (more than 2 months) competition periods it is necessary, in the second half of this period, to increase the volume of work while continuing to increase the intensity of exercises. For example, in speed-strength sports, the monthly volume of work in the second half of the competition period can reach 80–90% of the maximal monthly volume in the preparation period. In endurance events, if the volume of work has to be increased, it reaches lower values than in the preparation period and the rate of increase may have to be smaller than in the preparation period (Naglak 1979). The reactions of the athlete to work of increasing intensity and duration must be carefully monitored. If there is a threat of overstrain, the intensity of work must be lowered. The training loads, in this period particularly, must be individualized.

The intensity of training work preceding competition increases in endurance events of long duration, while the frequency of the main workouts decreases. In sports like boxing, wrestling, or fencing the intensity reached in the sport-specific preparation period is not increased later. In speed-strength sports (weightlifting, throws, jumps) the intensity of training work in this period is decreased (Naglak 1979). Decreasing the intensity of work in the case of speed-strength sports ought to cause a feeling of freshness or at least a lack of any of the discomforts associated with heavy training.

Immediate Start Preparation. In recent years, many coaches of combat sports and cyclic sports plan the last few weeks immediately preceding the main competition of a macrocycle as a subperiod called “immediate start preparation.” The immediate start preparation subperiod usually starts after a series of less important competitions for qualifying for the main ones and controlling the athletes’ progress. The duration and structure of the immediate start preparation subperiod depends on the time separating the qualifying competitions from the main competitions—for example, the time between the national championships and the continental championships or world championships. The content of the subperiod of the immediate start preparation, and to some degree its structure too, depend mainly on the specifics of a sport, the result of training in the preparation period, and individual training needs of athletes. The more endurance-oriented the sport, the longer the immediate start preparation (Zaremba 1982).

There are several ways of structuring the immediate start preparation subperiod depending on its duration and on the sport. If the immediate start preparation subperiod lasts from five to eight weeks, then in the case of cyclic sports, it may consist of two mesocycles that roughly reproduce the structure of a whole macrocycle.

The first four to five days of the first mesocycle are dedicated to active rest and recovery after preceding competitions and are then followed by a mesocycle consisting of three to four weeks of training that imitates the structure of the preparation period. The first half of this mesocycle corresponds to the general preparation period (or accumulation), but the daily volume of work in it is higher than ever before in previous preparation periods. Daily, 5–7 hours of work are done within up to four workouts (Platonow [Platonov] and Sozanski 1991). This first half of the first mesocycle as a rule ends with control competitions (competitions that do not affect an athlete’s ranking) on atypical distances, for example swimming 300 meters instead of 400 meters (Platonow [Platonov] 1990). The second half of the first mesocycle corresponds to the sport-specific preparation period (or intensification), and it may be conducted in mountains from 800 meters to 2500 meters (2620–8200 ft.) above sea level. The daily volume of work lowers to between three and five hours but the intensity of work increases (Platonov 1997; Platonow [Platonov] and Sozanski 1991). The high volume of work during this mesocycle is intended to stress the athlete and thus cause an abrupt increase of adaptation. If athletes travel to the mountains to train during the second half of the first mesocycle, then for the first 4–6 days after arrival their training should be relatively easy to allow for adaptation to high altitude (Platonov 1997).

The first mesocycle ends with control competition on related distances (Platonow [Platonov] 1990; Platonow [Platonov] and Sozanski 1991).

The second mesocycle is a typical precompetition mesocycle (or transformation). Its tasks are recovery after the high volume of work in the first mesocycle, mental preparation for the main competition, and creating such a rhythm of oscillation for an athlete’s sport-specific fitness that it peaks during the day and time of the competition (Platonov 1997). The daily volume of work is drastically reduced in comparison with the previous mesocycle—only two to three hours in one or two workouts. Training is very individualized during this mesocycle so athletes do widely varying amounts of work. Some do not start in any control competitions, others enter up to six control competitions on their main and related distances. Four or five days before the main competition some athletes do one or two workouts with very heavy training loads and a high volume of work on speed and sport-specific endurance. They plan for the supercompensation following this exhaustive work to peak during the competition (Platonov 1997). The approach an athlete takes must be previously tested and be based on knowledge of his or her reactions to training. The structure just described is similar to conducting several microcycles with insufficient recovery that are then followed by one or more microcycles with lower training loads thus leading to supercompensation greater than that possible in the case of a gradual increase of the loads (see the third stage of Matwiejew’s [Matveev’s] and Jagiello’s research [1997]). In speed-strength sports, for example, advanced athletes preparing for competition during a few weeks do such a high volume of sportspecific work that all their abilities relevant for competing decrease. For a few weeks they are so fatigued that their starting strength, explosive strength, maximal strength, and speed of movements are less than before these few weeks of training. The next few weeks of reduced training loads lead to a supercompensation of these abilities greater than if the loads were increased gradually over the same time (Platonow [Platonov] 1990).

Zaremba (1982) recommends a sequence of microcycles similar to the ones discussed so far (two microcycles of accumulation, two of intensification, two of transformation with the last transformation microcycle including the main start) for an athlete who has a low level of energy and starts infrequently. During competitions such athletes can mobilize beyond all expectations. An athlete who has a high level of energy and likes to start frequently will do better under an arrangement of microcycles like this: accumulation, transformation, intensification, transformation, accumulation, and the last transformation with the main start. The form in this case is developed by frequent starts and 10–14 days of accumulation may precede the last microcycle of transformation that ends with the main start.

Another variant of the immediate start preparation subperiod lasts six weeks divided into two mesocycles—a control-training mesocycle and a precompetition mesocycle. The training load is gradually reduced in the course of both mesocycles. The daily volume of work in the first mesocycle is between three and five hours and between one and three hours in the second mesocycle. In the first mesocycle the general preparation part is omitted, so all work is sport-specific. The intensity of work reaches its maximal values while the volume of work is 50–60% of the highest reached in other subperiods of the year (Platonov 1997).

In these variants, the last mesocycle of the immediate start preparation subperiod must include the means for the athletes’ full physical and mental recovery.

The immediate start preparation subperiod may be structured differently in combat sports. An example from judo (Rokita 1995): The four weeks between the last control competitions and the main competition are divided into four microcycles. Sport-specific endurance was developed during the first and second microcycles, sport-specific strength during the second and third microcycle, and sport-specific speed during the third and fourth microcycle. During two workouts of the third microcycle and during one workout of the fourth microcycle, refereed training-control fights took place. On the last day of the last microcycle before competition, the athletes had no workouts.

Within this mesocycle the volume of training work had a general tendency to decrease in each subsequent microcycle and the share of intensive exercises to increase. The volume of all types of training work (except technical exercises, which peaked in the third microcycle), as well as the average intensity of a workout was decreasing in each subsequent microcycle while the intensity of training fights was growing.

Prior to this mesocycle of the immediate start preparation subperiod, the judo wrestlers were showing top personal values of movement abilities. The judo wrestlers in this example had trained for nine years and have been previously prepared for important competitions with just such mesocycle.

If only up to three weeks separate some important qualifying competition such as the nationals, from a main competition—for example, the European championship—the immediate start preparation subperiod for the main competition consists of one two-week precompetition mesocycle (Platonov 1997). Of course, the qualifying competition will have been preceded by intensive training.

Transition Period. This period lasts 2–6 weeks, until the athlete has completely recovered from previous efforts. The task of this period is the prevention of overtraining through active rest, and the maintenance of a volume of training that guarantees achieving a higher level of training in the forthcoming macrocycle than the level achieved in the previous one. In some cases, passive rest has to be used in the beginning of the transition period. The intensity of training work is low, and falls to about 50% or less than its highest values in this training cycle (Kukushkin 1983).

At the beginning of this period, a relatively high proportion of sport-specific exercises may be used to eliminate defects in techniques, and later, if it is necessary, some sport-specific exercises are used to maintain the level of sport-specific condition—as long as it does not interfere with the athlete’s recovery. Eventually general exercises occupy most of the training time (Matveyev [Matveev] 1981).

The exercises in the transition period are very diversified, the conditions of workouts are varied, and a repetitive use of the same type of exercises is to be avoided. The athlete is permitted to choose the subject of workouts to make sure the workouts are not perceived as compulsory and boring. This is the time for such exercises as hiking tours.

The transition period may consist of up to three restorative mesocycles of either the maintaining or preparatory type. As the recovery process is completed, this period blends into the preparation period of the next macrocycle. The sufficiency of recovery is determined by the results of control by the coach and the sports physician, as well as by the subjective desire of the athlete to reach for new goals.

In instances when the athlete did little work in the preparation period and participated in few, if any competitions, the transition period may consist of a single mesocycle or even of a single microcycle.

As a rule, the more advanced and better trained the athlete, the more work is done in the transition period. Only beginning athletes may suspend training in this period.





Macrocycles in a Yearly Training Plan

The number of macrocycles in the year depends on how the important competitions are distributed within the year. (Important competitions are those in which a given athlete has to do well to maintain ranking and progress to a higher level of competitions.) In sports that have important competitions spread evenly throughout the year, there may be as many as seven macrocycles. In endurance sports—such as the marathon—that require long preparation for the main start and long recuperation afterward, two macrocycles may fill the year. Macrocycles for endurance sports have long preparation periods. Some team games—for example, soccer—may also have one macrocycle per year, but with a short preparation period and a very long competition period (Platonov 1997).

In speed-strength sports there might be two or more competition periods in a yearly macrocycle. Shorter cycles permit a faster increase of intensity of training work than one-year macrocycles and bring excellent competition results with top-level athletes (Rachmanliev and Harness 1990). For less advanced athletes the combination of a rapidly increasing volume with a high intensity of work may be too strenuous. Shorter cycles do not allow for gradually reaching a sufficient volume of work and eventually limit the development of the less advanced athletes. For these reasons, shorter cycles should be used in conjunction with yearly macrocycles (Matveyev [Matveev] 1981; Naglak 1979).

When shorter cycles are used successfully, the distribution of training loads within the whole year is similar to that in a yearly macrocycle. For example, advanced athletes may divide their year into three macrocycles, the first one with a greater amount of general exercises than the second or the third, which ends in the most important competition of the year (Platonow [Platonov] 1990). Another variant for arranging the training year is to combine two or more incomplete macrocycles into, for example, doubled or tripled macrocycles. In this variant all macrocycles except the last one are missing their transition periods so the competition period of a preceding macrocycle flows into the preparation period of the following macrocycle (Naglak 1979; Platonov 1997), or the first complete macrocycle is followed by macrocycles with shortened preparation periods that skip general preparation (Ulatowski 1981b).

Platonov (1997) has devised a successful system for planning training in 6–7 macrocycles per year for cyclic sports. Each of these short (6–12 weeks) macrocycles has two seemingly mutually exclusive tasks: to contribute to the athlete’s preparation for the main competition of the year and at the same time to prepare the athlete for successful performance in the main competition of the current macrocycle. These are Platonov’s principles of arranging multiple macrocycles in a year.


	The dynamics of general, directed, and sport-specific training loads in a year divided into multiple macrocycles are similar to those of a one-macrocycle year.

	The total volume of work increases, in a wavelike pattern, with each subsequent macrocycle.

	The training load in weekly microcycles increases with each subsequent macrocycle.

	The number of shock microcycles and volume of work in them increases toward final macrocycles.

	The proportion of sport-specific exercises increases with each subsequent macrocycle.

	The greatest training load, total volume of work, and volume of sport-specific work are done in the final macrocycle that ends with the most important competitions.

	Each macrocycle ends with one weekly restoration microcycle.



The last macrocycle ends with a two-week-long transition period. The structure of a macrocycle should vary depending on the age, training experience, and training tasks of the individual athlete. Yearly macrocycles with a prolonged preparation period prepare the athlete well for greater loads, are good for introducing great and lasting changes in the athlete’s form, and enlarge or renew the arsenal of technical and tactical habits. If reaching for record results is the goal, then shorter cycles or a yearly cycle with a prolonged competition period are appropriate. Short training cycles may lead to overtraining or injuries. Cycles with too long a preparation period adversely affect the frame of mind of the athletes (Naglak 1979). Finding the right balance is the coach’s most important task.





Olympic Cycle

When applicable, the planning of macrocycles has to take into account their place in the plan of preparation for the Olympic Games.

Here is one version of a four-year Olympic cycle, suggested by Matveev (Matveyev [Matveev] 1981).

First and second year—annual cycles with expanded periods of general preparation and with the main goal of mastering new techniques and tactics—build a strong foundation for high results in the Olympic year. Athletes who already participated in important competitions train more lightly in the first year, with more emphasis on volume than on intensity, and compete less.

Third year—modeling and testing the training plan and the system of competitions planned for the Olympic year. Fourth year—training according to corrected and approved plans; mobilizing the full potential of the athlete for ultimate results.

This cycle can begin before the athlete reaches the stage of mastery (the stage of maximal realization of his or her potential) and is still at the stage of specialization (for description of these stages see chapter 16, “Long-Term Planning”). Athletes with relatively short training experience (six to eight years) increase their volume of training work in the four-year cycle in one of the following two ways (Matveyev [Matveev] 1981):


	1st year—45% of total increase for the Olympic cycle; 2nd year—35%; 3rd year—15%; 4th year (8 months in the case of Summer Games)—5%; or

	1st year—25%; 2nd year—35%; 3rd year—20%; 4th year (8 months)—20%.



The absolute increase of training volume for veterans is smaller than for those less experienced. The percentages of that increase in the four-year Olympic cycle may look like this (Matveyev [Matveev] 1981):


	1st year—0%; 2nd year—50%; 3rd year—20%; 4th year (8 months)—30%.



Ulatowski (1992) observes that an athlete’s form may continue to improve during a few macrocycles, for example during three years, and then plateau or regress for one macrocycle, after which results improve again. It happens to the greatest athletes coached by the best coaches. In his opinion the underlying cause of this may be an as yet unresearched long cycle of oscillation of athletic form.





4. Nutrition

“To rationally analyze and plan the process of immediate preparation for competition, it is necessary to [consider] training loads, recovery means, and nutrition as one process.”—V. N. Platonov (1997)

The above truth applies to the whole training process, at any stage and period, not just the immediate preparation for competition.

Proper nutrition is essential to maintaining good health. It is especially important in athletic training, where the food has to provide energy and building materials for the body subjected continuously to great loads. Athletes in physically demanding sports generally need more animal protein, carbohydrates, fats, vitamins, and minerals than less active persons.





Protein

To determine an athlete’s daily protein requirement, a coach needs to know how much protein is in the athlete’s body (the athlete’s lean body mass) and at what rate the athlete breaks it down, which depends on the activity level (Sears 1995).

First lean body mass has to be figured out. Lean body mass equals the total body mass (body weight) less the mass (weight) of body fat. Finding out what percentage of the athlete’s body mass is fat can be done in many ways. Special electronic instruments can be used, as can skin calipers, ultrasound, or computed tomography. All these and some other methods are described in exercise physiology books. An athlete can also ask a physician to measure his or her body fat.

Once the percentage of body fat is determined, then that percentage is deducted from 100% and the result multiplied by the total body mass. This gives a person’s lean body mass.

For example, if an athlete’s body mass is 80 kg (176 lb.) and has 10% of body fat, lean body mass is calculated as follows: (100% - 10%) x 80 kg = 72 kg (158 lb.)

Next should be determined the rate at which an athlete’s body replaces its protein broken down in the course of activity. The replacement rate depends on the activity level. Even when an athlete is inactive because of an illness or an injury, however, his or her protein replacement rate may still be quite high. During an illness or under heavy stress a person’s body may lose more than 120 grams of protein per day (Gumowska 1990).

The protein replacement rate is calculated as follows (Sears 1995):

An athlete who works out 5 times per week, 1 hour per day, needs 1.8 grams of protein per kilogram of lean body mass. An athlete who works out 5 times per week, 2 hours per day, needs 2 grams of protein per kilogram of lean body mass. If an athlete has two workouts per day 5 days per week, each workout an hour or more of intensive effort, that athlete needs 2.2 grams of protein per kilogram of lean body mass. So an 80 kg athlete with 10% body fat who works out twice a day needs to eat 158 grams of protein every day. One ounce (28.4 grams) of lean sirloin steak, for example, contains only 8.1 grams of protein. So, if no other source of protein was available, during the day the athlete would need to eat 554 grams (19.5 ounces) of sirloin steak.

Of course, one is not supposed to eat all that protein in one meal. Eating protein in small portions makes it easier to digest it. Any meal that exceeds 500 calories (actually Cal or kilocalories) will raise insulin levels even if it contains very little carbohydrate (Sears 1995). Insulin is one of the hormones secreted by the pancreas in response to rising blood glucose levels, usually after a meal containing carbohydrates, which are digested to glucose. Insulin mediates blood glucose transport into muscle and adipose (fat) tissue cells. Any glucose not immediately used in energy-producing reactions is stored as glycogen in the liver and muscles, and excess carbohydrate is converted to lipids and stored as fat (McArdle, Katch, and Katch 1996). At the same time insulin inhibits utilization of fat for energy (McArdle, Katch, and Katch 1991). With a high level of insulin, blood sugar level drops, a person becomes sleepy, and fat instead of being used for energy is stored.

Protein in meals affects the level of glucagon, a hormone with physiological effects opposite to that of insulin. Glucagon causes the release of stored glycogen from the liver and thus maintains a steady level of blood sugar so one does not suffer from “sugar lows,” which can be caused by excessive insulin levels triggered by high carbohydrate meals. Symptoms of low blood sugar are nervousness, fatigue, dizziness, blurred vision, and excessive sweating. Vegetarians need to consult with a physician, preferably one who knows Applied Kinesiology,5 to find out how to make sure that they get all the essential amino acids, minerals, and vitamins from other than animal sources. Protein in meats, fish, eggs, and dairy products is 97% digestible. Protein from other, nonanimal sources, is less digestible, 78–85% (McArdle, Katch, and Katch 1991). Sources of protein other than meat and fish do not provide carnitine, which functions in fatty acid transport across mitochondrial membranes, and may not give enough riboflavin (the principal growth-promoting factor in the vitamin B complex, naturally occurring in milk, leafy vegetables, fresh meat, and egg yolks). Not eating red meat may reduce the amounts of necessary minerals such as zinc, selenium, and iron to unacceptable levels. Not having enough iron reduces endurance and makes a person feel fatigued all the time, for example.

Not eating enough protein or not digesting it well will cause the following problems (Gumowska 1990; Sears 1995).


	Feeling weak

	Flabby muscles

	Muscle soreness for a long time

	Slow recovery after a workout

	Inability to lose body fat

	Constipation and loss of calcium

	Hair loss and dandruff



Eating enough protein may fix all these problems.





Carbohydrate

Eating too much protein in relation to carbohydrate can be a problem too. For example, eating mostly protein and fat with no carbohydrates lowers the amount of glycogen stored in the liver. Glycogen normally is converted to blood sugar (glucose) to supply energy for the brain. (Unlike muscle cells, which can burn fat, nerve cells can use only glucose for their energy needs.) Without enough glucose in the bloodstream, the brain cannot function well so the body starts to break down its muscle tissue to convert it to glucose for the brain.

To make things worse, without enough carbohydrate digested to glucose, when the liver glycogen stores are depleted, fat cannot get converted to energy. When this happens the body produces an excessive amount of ketone bodies such as acetoacetic acid. Ketone bodies are products of an incomplete breakdown of fatty acids. Ketone bodies when combined with lactic acid produced in the course of exercise can cause acidosis. Its symptoms are yawning, extreme fatigue, a need to lie down, inability to keep the eyes open, and eventually passing out. The body tries to get rid of these ketone bodies by increased urination, so it gets dehydrated too. The athlete needs to eat enough carbohydrates so as not to suffer the above symptoms of ketosis, but not too much carbohydrates. If a meal has too much carbohydrates, the following symptoms will occur (Maffetone 1997): sleepiness after a meal, bloating after a meal, the need to eat every three hours or so, anger or depression, neck pains, knee pains, and frequent fatigue.

What do those symptoms mean?


	Sleepiness after a meal. Excess insulin, released in response to eating more carbohydrates than a person can tolerate, causes a drop in blood sugar, which means a loss of energy source for muscles and nerves.

	Bloating after a meal. Too much carbohydrate ferments in the bowels, creating gas.

	Need to eat every three hours or even more often. This hunger response is the body’s reaction to an unsteady blood sugar level caused by excess insulin.

	Getting angry or depressed. To remedy the drop in blood sugar caused by excess insulin, adrenal glands release glucocorticoids (from adrenal cortex) and epinephrine and norepinephrine (from adrenal medulla). These hormones can raise blood sugar by releasing stored sugar and by converting fats and protein to sugar, but releasing too much of them stresses the adrenal glands so a person may get depressed. To release more of the glucocorticoids one needs to get angry or use stimulants such as caffeine in coffee, soft drinks, strong tea, or other drugs (cocaine, heroin, alcohol, nicotine). Any one of these solutions further stresses the adrenal glands leading to cycles of angry outbursts and depression.

	Neck pains. A high level of insulin, released in response to a high carbohydrate meal, lowers the tonus of the latissimus dorsi muscle. This muscle is an antagonist of the muscles at the back of the neck and the muscles that lift the shoulders (upper parts of the trapezius). Lowering the tonus of the latissimus dorsi raises the tonus of neck muscles, and the result is neck tension and pain.

	Knee pains. Exhaustion of the adrenal glands is associated with lowered tonus of the sartorius muscle, which is one of the knee stabilizers. When one of the knee stabilizers is “off,” the knee is pulled out of its normal alignment and it hurts or gets injured easily.

	Fatigue. Eating more carbohydrates than a person can tolerate, besides causing low blood sugar levels, also exhausts the adrenal glands. Hormones of the adrenal glands affect using fats for energy, storing and releasing stored blood sugar from the liver, protein synthesis, strengthening heart contractions, and regulating blood pressure, flow, and volume. Insulin prevents using fat for energy, but fat can give about twice as much energy as sugar.



Athletes who exercise intensely for more than one hour may need food to keep their energy level up (McArdle, Katch, and Katch 1996). They can get away with eating bars and sweet drinks because during an effort insulin release is low.

During exercise foods of a higher sugar content (or higher glycemic index) can be tolerated because: “During exercise activation of the hypothalamus and sympathetic nervous system blunts the release of insulin to cause blood sugar levels to rise much higher to meet the exercise demands and ensure that muscle and nervous tissue will have sufficient carbohydrate fuel” (McArdle, Katch, and Katch 1991). Exercise stimulates growth hormone release and “growth hormone stimulates fat breakdown and release from adipose tissue while inhibiting glucose uptake by the cells, thus maintaining blood sugar at fairly high levels. This sparing of glucose would certainly contribute to one’s ability to perform endurance exercises” (McArdle, Katch, and Katch 1991).

But what happens if an athlete eats a carbohydrate bar or drinks a sugar drink such as Gatorade before exercise? Eating or drinking something that contains sugar in the 30 minutes prior to exercises will cause the release of lots of insulin and so inhibit the burning of fat for fuel (McArdle, Katch, and Katch 1991). This will reduce an athlete’s endurance. The highest sugar content that can be tolerated before an exercise is 3%, and during the exercise is 7% (Maffetone 1990; Chmura 1997). One glass of orange juice containing 9% carbohydrates diluted with two glasses of water is a 3% sugar solution, for example.

Eating candies or cookies before exercising can impair an athlete’s workout performance. The consumption of sugar triggers a release of insulin that within 20–30 minutes lowers the body’s blood glucose. This may cause premature fatigue. Simple sugars are easily digested so the level of glucose in the blood increases rapidly after eating them, which causes the pancreas to release a great amount of insulin. This results in removing more glucose from the blood than is necessary to maintain its normal level, explaining the sleepiness and lowered ability to work after eating candies. The presence of insulin prevents using free fatty acids as a source of energy during physical effort.

In addition, most cakes and candies contain a lot of fat that, because it requires a long time to be digested, remains in the stomach causing discomfort during a workout. To make things worse the fat contained in sweets is most often the hydrogenated or partially hydrogenated fat, which disturbs normal fat utilization by the body and thus impairs endurance.

Fructose, also a simple sugar, has a glycemic index, one-fifth that of glucose, and causes a much smaller insulin release (Akgun and Ertel 1980; Colgan 1993; McArdle, Katch, and Katch 1991). If fructose constitutes 10% or more of the total calories in a diet, however, it causes chronic health problems (Newby-Fraser 1998b). (Fructose consumed in fruits and vegetables is most likely harmless.) A high fructose diet raises the levels of uric acid in the blood, and blood cholesterol and triglycerides as well (Colgan 1993). Raised levels of uric acid aggravate gout and increase the susceptibility to gout of healthy people, and raised blood lipids increase the risk of coronary artery disease. Fructose may interfere with normal metabolism of proteins, and it lowers aerobic fitness by interfering with the production of hemoglobin (Newby-Fraser 1998a). In the short term, consuming high-fructose beverages causes gastrointestinal disorder that can adversely affect performance (McArdle, Katch, and Katch 1991).

Carbohydrate Loading

What about “carbo-loading”? None of the world-class marathoners and triathletes trained by Dr. Philip Maffetone is on a high carbohydrate diet, and none of them does any carbo-loading. If anything, 2–3 days before a race or a contest, they cut down on their carbohydrate intake because insulin release is increased under stress (Maffetone 1995). Dr. Philip Maffetone was named Coach of the Year 1994 by Triathlete magazine. His advice is followed by triathlete Mark Allen (six-time Ironman winner and world record holder), triathlete Wendy Ingraham, ultramarathoner Stu Mittleman (world champion), marathoner Lorraine Moller, triathlete Donna Peters, marathoner Priscilla Welch, triathlete Mike Pigg, and many other endurance athletes.

Dr. Maffetone (Maffetone 1994b) explains that before a big event athletes are already stressed, so three days before the event they cut down on carbohydrates to counter that stress reaction. Those who travel a lot are under a lot of stress from traveling, so they have to further limit their carbohydrate intake.

How to Spare Glycogen

Muscle glycogen is necessary for both anaerobic and aerobic efforts. Depleting its stores makes it impossible to continue an intensive effort even though an athlete may have a sufficient supply of free fatty acids and blood glucose. This is because muscle glycogen is necessary for “burning” free fatty acids and can be used only by those muscle fibers in which it is stored.

Several studies on soccer players have shown that depleting stores of muscle glycogen lowers maximal strength and aerobic endurance, shortens the distance of sprints, impairs balance, causes cramps, and lowers the quality of their technical and tactical actions (Chmura 1997).

Even though a highly trained soccer player can store up to 600 grams of glycogen, in the course of a match nearly all this glycogen is exhausted (Chmura 1997).

Drinking carbohydrate drinks with 7% glucose content during the match helps to spare stores of muscle glycogen and thus increase the distance players can run with maximal speed during the match. The average pace of playing and the speed of recovery are also improved (Chmura 1997).

An experiment conducted during 20 matches of the European Soccer League showed the real-life consequences. In ten matches players were allowed to take carbohydrate drinks, and during the following ten matches they were not allowed. During the first ten matches the teams scored more goals and kept a higher game pace, especially during the second half of the match (Chmura 1997). Drinks with a higher glucose content, for example 10%, instead of helping have a detrimental effect on performance because the high glucose content increases the release of insulin, which lowers the blood sugar level and the amount of free fatty acids needed for aerobic efforts (Chmura 1997).

How to Replenish Glycogen

The best method to replenish stores of muscle glycogen depleted by exercising is to eat a meal containing carbohydrates soon after the exercise.

Muscle glycogen synthesis occurs in two phases, a first phase of rapid synthesis and a second phase of much slower synthesis. The rate of muscle glycogen synthesis and the amount synthesized depend on the intensity and duration of exercise and on diet. Here are examples: After two hours of endurance exercise (continuous exercise in the first hour, repeated periods of ergometer cycling at maximal intensity to exhaustion in the second hour), the first phase of rapid synthesis lasted 10 hours, and it took 46 hours to completely replenish the muscle glycogen. With intermittent exercise (ergometer cycling for one-minute intervals with three-minute breaks until 30 seconds of cycling could not be sustained), complete muscle glycogen replenishment took 24 hours and the first phase of rapid synthesis lasted 5 hours (Fox 1979).

Within the first two hours after an effort, the pace of rebuilding muscle glycogen is at its highest, reaching 7–8% per hour (Wilmore and Costill 1999). Immediately after intensive exercise, insulin release in response to eaten carbohydrates is low, so an athlete can eat more of them of even higher glycemic index than usual. This is because of the high activity of glycogen synthase, an enzyme that controls rebuilding of glycogen after it is depleted by exercise. Thanks to that activity glucose enters muscle so fast that it does not set off a high insulin release (Colgan 1993).

Carbohydrate, Sweet Foods, and Health

Starches and sweet foods cause tooth decay that may become source of infections and inflammations of various organs, among them inflammations of tendons and joints, possibly resulting in serious injury or illness. Here is a quote from the Encyclopedia and Dictionary of Medicine and Nursing (Miller and Brackman Keane 1972):

“Decay occurs where bacteria and food adhere to the surface of the teeth, especially in pits or crevices, and form plaques. It is believed that the action of the bacteria on sugars and starches creates lactic aid, which can quickly and permanently dissolve the enamel that covers the teeth. The acid produced in just half an hour when sugar comes into contact with the plaque is enough to begin the process of dissolving the tooth enamel. In most people this process and its resulting decay occur whenever sweet foods are eaten. It is for this reason that sweet or starchy foods between meals and at bedtime can be so harmful to the teeth unless the teeth are thoroughly brushed and rinsed afterward. . . . If teeth cannot be brushed after every meal, the mouth should be thoroughly rinsed with water.”





Fat

Fats are used for energy and for building every cell in the body—all cell membranes are fats and proteins. The brain and nerves are mostly fat. Fats also are used as shock absorbers for the internal organs and the feet (fat under the heels), and as thermal insulation. Twice as much energy comes from fat as from carbohydrates. All the energy from stored carbohydrates would supply at most the energy for a 32 km (20-mile) run, but the fat an average person has stored would provide enough energy for about 800 miles (McArdle, Katch, and Katch 1991). An athlete’s aerobic system depends on fat for fuel. The more energy a person derives from fat, the more energy available and the less fat stored, and the more stable is his or her blood sugar level (Maffetone 1990).

Fats are a necessary part of meals. Fats slow down the entry rate of carbohydrates into the bloodstream and thus protect from sugar highs and the subsequent sugar lows.

Fats in a meal cause the release of cholecystokinin, a hormone produced principally by the small intestine that causes release of bile, secretion of pancreatic digestive enzymes, and the feeling of satiety. Without fats a person would feel always hungry and tend to overeat.

Lack of fat in the diet leads to a medical textbook’s worth of ills. Fats stimulate the gall bladder to release bile, which is necessary for digesting the fats needed for absorbing vitamins A, D, E, and K (fat-soluble).

A diet poor in protein and rich in refined carbohydrates (highly glycemic or rapid inducers of insulin) reduces production of bile, which leads to poor digestion of fat. Undigested fat binds with calcium and iron, causes constipation, and prevents absorption of iron and calcium (Gumowska 1990). This eventually causes anemia and osteoporosis.

And what about those vitamins that were not absorbed? Lack of vitamin A causes night blindness and such skin problems as sensitive lips, broken corners of the mouth or the nostrils or the eyes. Good sources of vitamin A are butter, cream, whole eggs, and liver.

Vitamin D regulates utilization of calcium and phosphorus in bone formation. It is formed in human skin from cholesterol when exposed to sunlight, and is also found in fish liver oils, milk, yeast, and egg yolks.

Vitamin E speeds up healing and reduces scarring. Lack of vitamin E can cause acne, boils, and ulcers. Sources of vitamin E are peanut oil, corn oil, wheat germ, leafy vegetables, and eggs. Lack of vitamin K causes an abnormally long clotting time. Sources of vitamin K are liver and green leafy vegetables.

Trying to eat the fat-soluble vitamins in the form of pills can end up badly. They can be toxic if a person gets too much of them in their synthetic form. For example, too much vitamin D can cause vomiting, diarrhea, headaches, loss of minerals from bones, and calcification of soft tissues. Getting fat-soluble vitamins from natural fats is much safer (Gumowska 1990).

Having too little body fat can cause hormonal problems. Female athletes who stop menstruating when their body fat is too low are the most obvious examples.

Most diets (USDA Food Guide Pyramid, American Diabetes Association, vegetarian, 40-30-30) recommend the amount of calories from fat to be similar or equal to the amounts of calories from protein (Sears 1995; Shaw et al. [1996]).

To match protein calories with fat calories, a person needs fewer grams of fat because fat has nearly twice as many calories per gram as protein. One gram of protein gives approximately 4 kilocalories (Cal), while one gram of fat gives approximately 9 kilocalories. The fats to eat most of are monounsaturated fats and polyunsaturated fats. Sources of mostly monounsaturated fats are olive oil, almonds, macadamia nuts, and avocados. Rich sources of polyunsaturated fats are nuts (walnuts, Brazil nuts, pecans, peanuts); herb oils (sesame oil, soybean oil, safflower oil); and fish (mackerel, salmon, sardines, tuna).

Saturated fats (most animal fats, butter, cream) should be limited in a diet, but not eliminated completely from it. These fats, especially if combined with high-glycemic carbohydrate, inhibit aerobic metabolism by making a person insulin resistant and thus raising the insulin levels (Bruce et al. 2000; Lichtenstein and Schwab 2000; Riccardi and Rivellese 2000). The result is lowered endurance. Small amounts of them must be eaten to get enough cholesterol and to produce proinflammatory prostaglandins, without which a person could not function.

Hydrogenated and partially hydrogenated fats such as fried fats and margarine have no place in anyone’s diet because they interfere with the normal metabolism of fats, raise total blood cholesterol and LDL cholesterol (the bad cholesterol), and lower the HDL cholesterol (the good cholesterol). These fats interfere with glucose management and the immune response, and lower the level of testosterone in males. They also cause the formation of free radicals (Ziemlanski and Niedzwiecka-Kacik 1997).

Hydrogenation is a process that saturates unsaturated fatty acids to keep them from turning rancid. It combines an unsaturated oil with hydrogen to produce a solid fat. Any oil will become hydrogenated when heated at or above 350°F. The human body has no enzymes to metabolize hydrogenated fats so they get stored. But even worse, hydrogenated fats block the body from using other fats for energy, and for making hormones and prostaglandins, so the other fats get stored too. It does not take a lot of hydrogenated fat to do all this damage. The first 1% in a diet will block nearly all normal fat metabolism (Vreeland 1993).

How much fat should one eat? Most rich protein sources, with the exception of egg white, contain some fat. For lean sirloin steak, an athlete can get all the fat he or she needs by matching each ounce of steak with one additional gram of fat—1/5 to 1/4 teaspoon of olive oil would do it. So would two big or three small olives.

It gets more complicated in the case of fatter meat, such as ground beef with 19% fat content. Such meat has more calories from fat (approximately 48 kilocalories) than from protein (approximately 29 kilocalories) per ounce. This meat needs to be matched with some other protein source with a low fat content to arrive at the desired 1:1 ratio of protein-to-fat calories. The remainder of a meal’s calories should come from carbohydrates. Total calories for any single meal ought not exceed 500 kilocalories for the reason given earlier in this chapter. The athlete’s best guides for how much carbohydrates should be in his or her meal is the list of symptoms in the section called “Carbohydrate.” Barry Sears (1995) recommends that for most people 40% of a meal’s calories ought to come from carbohydrates. Recent studies support his recommendations concerning proportions of carbohydrate, protein, and fat. Nitrogen balance is more positive and hunger lower (satiety higher) on a diet with an approximate calorie ratio of 40-30-30 for carbohydrate, protein, and fat than on a diet with more than 60% calories from carbohydrate (Agus et al. 2000). Endurance performance is better on medium and high fat diets (from 30% to over 40% calories from mostly monounsaturated fats) than on an equally caloric high carbohydrate/low fat diet including only 16% fat calories (Horvath et al. 2000; Venkatraman et al. 2000).

According to Sears (1995), athletes who work out twice a day every day, or lift weights seriously, or have long hard workouts (runners, swimmers) need to double the amount of extra fats compared to the example of a sirloin steak given earlier. In the example with the sirloin steak, they would add 2 grams of fat per ounce of steak. The percentages of calories then become 27% from protein, 40% from fat, and 33% from carbohydrates. Fat makes up 35% and more of the diet of Stu Mittleman, world champion ultramarathoner, when he trains for races (Maffetone 1996). The extra fat should be mostly monounsaturated fats such as those in olive oil, almonds, macadamia nuts, and avocados. The nutritive values for protein, fat, carbohydrate, and caloric content of various foods can be obtained from Appendix B of Exercise Physiology: Energy, Nutrition, and Human Performance, (4th edition) by McArdle, Katch, and Katch.

How to tell if a person gets enough fat? Some of the early symptoms of not eating enough of the right fats are the same as those signaling the lack of fat-soluble vitamins.


	Dry skin, sensitive lips, broken corners of the mouth, or the nostrils, or the eyes, and eventually night blindness caused by lack of vitamin A.

	Excessive sweating and cramps can be early signs of lack of vitamin D.

	Acne, boils, ulcers, slow healing with considerable scarring is caused by lack of vitamin E.

	Abnormally long clotting time and easy bruising are caused by lack of vitamin K.

	Mood swings, mental and physical fatigue, clumsiness, and headaches result from not eating enough fat for energy, which forces the body to use mainly carbohydrates for energy. Eating lots of carbohydrates can disturb the blood sugar levels and so cause the above symptoms.

	Muscle soreness and stiffness. When not enough calcium enters the muscle cells due to a lack of prostaglandins made from fats, the muscles may get sore and stiff because calcium is needed to relax muscles (Maffetone 1997).

	Getting fat or getting arteries clogged with fat is also caused by not eating enough fat and eating too much carbohydrate. Jim Fixx, the late famous authority on health and fitness and a long-distance runner, was on a low fat diet when he died of a heart attack. His arteries were 98% occluded with fat (Maffetone 1994b).







Proper Ratios of Macronutrients

There is no diet good or bad for everybody at all times, with set-in-stone percentages of carbohydrate, protein, and fat. There are only individually suitable diets that let an athlete perform well and stay healthy and unsuitable diets that lower performance. An athlete needs to eat different meals before exercises and after exercises.

How to tell if an athlete’s last meal was good for him or her? It is simple—if the athlete feels well, alert and energetic, and not hungry four hours after the meal—then the meal was suitable and good. If the athlete is hungry four hours or less after the meal, then it was not suitable.

So the key to optimal sports nutrition, just as for optimal exercise selection and dosage, is for the athlete to listen to his or her body and for the coach to observe the signs too and make adjustments on the go.

The signs range from those noticeable immediately, during and soon after a meal (feeling energized or sleepy, light or bloated), through those manifesting themselves several hours later or during the next couple of days (sweat, body smell, urine, stool, intestinal discomfort), to those that reveal a long-term nutrition status (fat deposits, skin, hair, nails).

What one can observe during exercise may be an effect of momentary influences that may, or may not, be changed in an instant. Effects of emotions and of food as manifested in the functioning of the digestive system cannot be changed in an instant; thus these functions need to be monitored constantly. (Effects of emotions do manifest themselves in the functioning of the digestive system: For example, digestive disturbances of emotional origin.)

To sum it up: Whatever would compromise one’s survivability in “the wild” cannot be healthy. So any sign of a meal not agreeing with the athlete—feeling bloated, heavy, sleepy, hungry soon after a meal; having gas, abnormal stools; urinating frequently—should be investigated by a physician. If the sports physician can’t be bothered to monitor for signs of good function or dysfunction, but rather waits for a “disease entity,” then a better physician needs to be found.





Vitamins and Minerals

In addition to supplying enough of the three macronutrients (protein, carbohydrate, fat) one should pay attention to the quality of food. The less processed the food, the more valuable it is. Dr. Galina Shatalova from the USSR Research Institute of Physical Education has proven by several experiments that the number of calories is less important than the biological value of food (Katin 1990).

Shatalova states: “It is said that a person burns a certain amount of calories and to restore them he or she needs to eat food containing the same amount of calories. Actually, the whole thing is much more complex. Our food is not firewood, and nutrition cannot be compared with burning.

“The traditional belief that losses of energy must be compensated by the appropriate amount of food makes people include in their diet [too much] animal proteins and fats. But man must be one with nature, using everything it has to offer to the best advantage. Vegetables, fruits, beans, edible greens, nuts, seeds, and honey are what one needs.”

Shatalova recommends that people eat the most nutritionally valuable foods of a season. In spring—edible greens; in summer—fruits and berries; in fall—fruits and vegetables; in winter—cereals and peas and beans (legumes).

T. Hettinger and E. A. Mueller (1955), in experiments on 21 subjects doing isometric training, discovered a seasonal variation in strength gains. The gain observed in September and October was tenfold higher than that observed in January and February. The researchers attributed this to the availability of fresh fruits and vegetables.

In endurance sports, such as long-distance running, skiing, cycling, rowing, and in other sports where athletes sweat profusely for long periods of time, replenishing the lost water and electrolytes is a priority after a workout or a match, or even during the work. Loss of water by perspiration such as in a sauna or steam bath causes loss of potassium, sodium, iron, copper, magnesium, and zinc (Nasolodin et al. 1989; Szygula 1995). Decrease in the amount of electrolytes impairs the function of muscles and of the central nervous system (Dziasko et al. 1982). To make up these losses, athletes increase the amount of salt in their food and drink mineral waters, fruit juices, and vegetable juices.





Nutritional Supplements

Nutritional supplements are concentrates of nutrients, such as minerals, vitamins, amino acids, and fatty acids. These supplements may be needed when the foods one eats do not supply enough nutrients—because of the modern farming practices with excessive use of industrial fertilizers, or methods of food preparation and preservation that cause a considerable loss of vitamins and enzymes. Also, when one is exposed to toxins or subjected to unhealthy stress, one’s need for some nutrients may exceed what even the healthy food may provide (Flaws 2008).

The need for particular supplements should be assessed individually. This may be done by physicians or dietitians. Traditional Chinese medicine has a method of prescribing nutritional supplements that match one’s lifestyle and eating habits.





Water

Now the next critical body requirement—water. A person loses water constantly with exhaled air (about a pint or 0.473 liter a day), through skin (one to two pints a day), and an average of three pints through urine. To function well a person needs to drink five to six 8-ounce glasses of water per day if he or she does not work out hard; on the days prior to hard workouts the athlete should up the intake to eight to ten glasses of water per day. A person is probably underhydrated if his or her urine has a color other than clear, although some foods and vitamins can give urine strange colors—for example, B-complex vitamins make urine a bright greenish-yellow (Sleamaker 1989). Dehydration is already present by the time one feels thirst (Wilmore and Costill 1999).

If a person is dehydrated, eating his or her daily requirement of protein will hurt the kidneys (Maffetone 1994b)!

Most of one’s daily water requirement should be drunk between and before meals. A large glass of water should be drunk 15 to 30 minutes before a meal and another one 90 minutes after the meal. Drinking when eating and digesting the food will dilute the digestive juices and impair absorption of nutrients.

An exercising athlete may need five to ten times more water than a nonactive person (Maffetone 1990). During a vigorous workout an athlete can lose between 1 and 3 liters of water per hour. A loss of water weight equal to 1% of the body weight will cause weakness and decreased coordination (Maffetone 1997). To prevent dehydration an athlete should drink cold water before, during, and after exercise. Cold water is absorbed faster than warm water and Rob Sleamaker (1989) recommends a temperature of 40 degrees Fahrenheit (4.4 degrees Celsius). The athlete should drink a little at a time because water uptake has limits—if one drinks a lot at a time, one will urinate most of that water.

Athletes who exercise 4 hours or more may be also concerned with hyponatremia—concentration of serum sodium lower than 136 mmol/L. Symptoms of hyponatremia are headache, confusion, malaise, nausea, and cramps. It may end up in seizures, coma, pulmonary edema, and, in the worst case, death. Hyponatremia is caused by a large loss of sodium in sweat and ingesting fluids low in sodium or with no sodium. To prevent hyponatremia, athletes of long events should refrain from a low sodium diet, drinking more than 1 liter of plain water per hour before, during, and after the event (McArdle, Katch, and Katch 1996). Dr. Maffetone (Maffetone 1996) advises eating sodium-rich foods such as vegetables and soy sauce and using sea salt, especially in hot weather and in the week before the race. Adding sodium to rehydration drinks is not very effective because the concentration of sodium that can be tolerated in a drink (25 mmol/L) is too weak to prevent lowering the sodium concentration in the blood (Wilmore and Costill 1999). Nonsteroidal anti-inflammatory drugs may contribute to hyponatremia, so officials of Ironman Canada recommend refraining from NSAIDs for 48 hours prior to and during the race (Bernhardt 1995). R. Laird, M.D. and D. Hiller, M.D., physicians with vast experience on dehydration and long-distance races, report that hyponatremia is rarely associated with overhydration and that the majority of Ironman athletes who suffer hyponatremia are dehydrated and their hyponatremia is associated with high sodium losses in sweat and inadequate sodium and water intake (Vojavec 1996).

Not All That’s Wet Is Water . . .

Athletes should not drink sugary drinks because the water from them is not absorbed well. According to Dr. Maffetone, Gatorade and other sweetened commercial drinks will retard fluid replacement (Maffetone 1990). Any drink with more than 3% sugar, if drunk before exercising, will inhibit fat metabolism, which means reduced endurance.

Tea and coffee dehydrates so an athlete needs to drink more water to make up for that dehydration. After about two hours of ingesting coffee or a caffeinated drink, the negative effects from caffeine can be felt.

Caffeine increases fat metabolism as a short-term effect, but it also impairs movement coordination and has a hangover effect in which mental efficiency, after improving, falls off below normal values from one to three hours later (deVries 1980). Caffeine speeds up gastric emptying and thus glucose absorption, which gives a person a sugar high followed by a high insulin level and a subsequent sugar low. Also the breakdown products of caffeine tend to increase insulin levels (Sears 1995), which is not good. Caffeine decreases absorption of iron, calcium, magnesium, and niacin. Tea drunk even more than five hours before bedtime interferes with sleeping. Even if it does not prevent falling asleep, it makes shallow and ineffective the phase of deep sleep (stage four) that is most precious for recovery occurring in the first hour after falling asleep (Mierzejewski 1988).

Alcohol decreases protein synthesis in the muscles (Preedy et al. 1994; Preedy et al. 1999) and reduces the body’s ability to burn fat, and so it can make a person fat (Suter et al. 1992). It also dehydrates, interferes with vitamin activation by the liver, and decreases absorption of magnesium.

Not all alcohol is bad. Red wine, which contains antioxidants, if drunk in small quantities such as a glass with the meal, promotes the production of anti-inflammatory prostaglandins, increases HDL, and retards the formation of fat deposits in the arteries by inhibiting oxidation of LDL cholesterol (McArdle, Katch, and Katch 1996). Alcoholic beverages, except for hard spirits, contain carbohydrate, and the amount of this carbohydrate has to be considered when evaluating the effect of the meal on insulin secretion. For example, dry wines contain from 0.2 to 1.2 grams of carbohydrate per ounce, sweet wines more than 3 grams per ounce. The carbohydrate content of various beverages can be obtained from appendix B of Exercise Physiology: Energy, Nutrition, and Human Performance, (4th edition) by McArdle, Katch, and Katch (1996).

Soft Drinks

Cola, apart from caffeine, contains phosphoric acid, which further depletes the body of calcium. Sugar (1.4 ounce or 39 grams in a 12 ounce or 355 mL can of Coca-Cola) decreases absorption of chromium and raises the insulin level, which reduces an athlete’s endurance.
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The rubbery bone on the left in figure 6 was submerged in a bottle of Coca-Cola for two weeks. The soft drink has leached minerals out of this bone, and that is why it is so soft. Soft drinks can behave in a similar way in the body. The acids they contain tie up ions of calcium in muscle cells, nerve cells, and in the blood. In order to restore a normal balance of these ions, the calcium from bones is released, thus weakening the bones. To make matters worse, apart from leaching calcium out of the body, a high phosphorus content in soft drinks interferes with absorbing new calcium and rebuilding the bones (Maffetone 1997).

What else can soft drinks do to the body? If they contain sugar, they can make the blood sugar level unsteady. By raising the acidity of saliva, soft drinks create conditions that promote tooth decay. (High carbohydrate meals do it too.) If they are diet drinks and contain NutraSweet (aspartame) instead of sugar, then they contain even viler stuff. Aspartame has been associated with headaches (Van den Eeden et al. 1994), dizziness (Gulya et al. 1992), and neurologic reactions (Maher and Wurtman 1987; Garriga and Metcalfe 1988).

Chemicals in the Water

Chlorine is an effective and inexpensive disinfectant used to treat water. It prevents such water-borne diseases as cholera and typhoid. Some studies show that chlorine destroys vitamin E (Bertrand 1989), however, and that drinking chlorinated water interferes with normal fat metabolism, thus increasing the low-density cholesterol—the bad cholesterol (Bercz 1992). A high level of low-density cholesterol in the blood means that one is not burning fats for energy and has to rely on less energy-efficient carbohydrates instead. Vitamin E prevents the formation of excess free radicals, highly reactive molecules that occur as by-products of normal oxidative processes. Athletes, especially those who exercise with high intensity (anaerobically), generate more free radicals than people who do not exercise anaerobically, and therefore can ill afford to lose vitamin E.

The by-products of chlorine’s disinfection (trihalomethanes such as chloroform and trichloroethylene) may cause rectal and bladder cancers, damage kidneys, liver, or nervous system, and cause birth defects (Bove et al. 1995; Ijsselmuiden et al. 1992; Morris 1995; Morris et al. 1992).

A strong case exists against drinking fluoridated water, strong enough to warrant using bottled spring water in municipalities that fluoridate tap water. More research may be necessary to determine for sure whether misgivings are appropriate, but until such research is done it is better to be safe than sorry.

Drinking fluoridated water may cause muscular weakness, lack of coordination, pain and aching of bones, stiffness and joint pains, arthritis, recurrent upset stomach, constipation, loss of appetite, an unusual increase in saliva, skin rash, sores in the mouth and on the lips, migraine headaches, and forgetfulness (Yiamouyiannis 1993).

A 1995 study on rats by Phyllis Mullenix (Mullenix et al. 1995), head of the toxicology section of Forsythe Research Institute (associated with Harvard University), demonstrated that the central nervous system’s functioning is vulnerable to fluoride, that the effects on behavior depend on the age at exposure, and that fluoride accumulates in brain tissue. This rat study shows a behavioral pattern disruption that can be indicative of a potential for movement dysfunction, IQ deficits, or learning disabilities in humans. A study of adult humans (Rotton et al. 1982) found attention affected by sublingual drops containing 100 ppm (parts per million) of sodium fluoride, an exposure level potentially relevant to humans because fluoridated toothpastes contain 1000–1500 ppm of fluoride, and mouthrinses contain 230–900 ppm of fluoride. Fluoride causes autoimmune damage to the entire body. By disrupting hydrogen bonds in proteins and in DNA, fluoride changes DNA metabolism, inhibits enzyme activity, and may seriously depress the ability of white blood cells to destroy pathogenic agents (Imai et al. 1983; Jain and Susheela 1987; New Scientist 1981).

The low levels at which fluoride exerts its deleterious effects indicates that there may be no safe level of fluoride in water. A study by Procter and Gamble (Aardema et al. 1989) shows that at 1 ppm of sodium fluoride (or 0.5 ppm of fluorine) in water, 6% of the cells had genetic damage versus 2% in the untreated or control group. Dental fluorosis (discoloration of teeth) is more than just a cosmetic problem. It is a permanent record showing that fluoride has interfered with the production of collagen (an essential element of connective tissue) in the ameloblasts (cells that produce collagen for tooth enamel) and most likely elsewhere in the body too.





Making Weight

The severe, short-term starvation and dehydration that some wrestlers, boxers, or jockeys are subjected to in their attempts at “making weight” has been shown to reduce isometric strength (Bosco et al. 1974), dynamic strength, and muscle glycogen stores (Houston et al. 1981). Starvation over a 2½- to 5-day period with up to 7.8% weight loss reduces the capacity to work at submaximal intensities (Henshel et al. 1954).

Here is what K. V. Gradopolov (K. W. Gradopolow 1969), co-creator of the then-USSR school of boxing, writes about making weight: “The proper weight for a fighter is the natural weight at which the fighter shows best results. Indicators of this natural fighting weight are a muscular look, lack of excess fat, good disposition, excellent agility, strength, and endurance demonstrated during sparring and competition.

“Passing into a higher weight class of a young growing fighter, who gains weight because of natural growth processes, should not be prevented.

“Fighters who gain weight above their natural fighting weight for the purpose of fighting in a higher weight class lose endurance and reduce their fighting ability.

“A fighter should reduce weight only when he [or she] has excess fat and when his [or her] weight only slightly exceeds the weightclass limit. In both cases the weight loss is to be caused by losing fat. Fighters who want to lose weight should increase the amount of work on aerobic endurance and reduce the amount of highstarch foods such as pasta, bread, and potatoes.”

To make sure that endurance exercises use up mostly body fat, the athlete should not eat high carbohydrate meals before a workout, and should exercise below the blood lactate threshold because the higher the blood level of lactate the lower the use of free fatty acids released from body fat for energy (Romanowski 1973).





Eating Before a Workout and a Competition

The more intense the exercise the longer should be the delay between a large meal and exercise. During exercise of maximal intensity digestive organs receive about 20% of the normal blood supply (Wilmore and Costill 1999), so having any undigested food in the stomach may feel uncomfortable. It may take even four hours for a large meal to leave the stomach, so this may affect the length of a wait before intense exercise. In case an athlete can’t wait so long, he or she can eat a small snack of a low glycemic index food before working out.

During light to heavy exercise the digestive system receives more than 60% of its normal blood supply (Wilmore and Costill 1999). If any food is still there during exercise, it does not cause much discomfort so a delay of about two hours between the meal and a workout may be enough. The suitable time delay between meals or snacks and exercise are best found out by trial for each athlete. Strength training workouts should begin when blood sugar and blood lipids are at normal resting values because raised blood glucose or free fatty acids, such as after a meal, inhibit the release of growth hormone (Cappon et al. 1993; Valcavi et al. 1994).

The general rule “nothing new before competition” applies especially to nutrition. During the week preceding an important competition, an athlete should eat only familiar foods and allow his or her usual time delay for digestion before the event.





Eating After a Workout and a Competition

The athlete’s first priority after a tiring workout or performance is to rehydrate and then to eat a meal containing carbohydrate (see “How to Replenish Glycogen”) and some protein soon after the exercise. A meal containing some protein and more than twice as much carbohydrate replenishes glycogen faster than carbohydrate alone (Zawadzki et al. 1992), and further, protein supplies glutamine, a nonessential amino acid important for immunity.

A study (Kingsbury et al. 1998), conducted before and after the 1992 Olympics, has shown that athletes with chronic fatigue and infections had a persistent decrease in plasma amino acids, mainly glutamine (less than 450 mmol/L), those with acute fatigue had marked but temporary changes, and those without lasting fatigue had normal plasma amino acid patterns (glutamine 554 [standard deviation: 25.2] mmol/L, histidine 79 [6.1] mmol/L, total amino acids 2839 [92.1] mmol/L). This study also has shown that low levels of plasma glutamine and other amino acids may be caused by an inadequate protein intake.

Low levels of plasma glutamine after severe exertion may be responsible for lowered immunity. Glutamine plays a crucial role in the formation of other amino acids, the regulation of glycogen synthesis, and in the formation of DNA. It is also a primary fuel substrate for both the cells of the intestinal mucosa and lymphocytes. L ymphocytes cannot function if the concentration of glutamine falls to 80% of normal (Kingsbury et al. 1998).

Castell et al. (1996) report the result of monitoring the number of infections in more than 200 runners and rowers. The numbers of infections were lowest in middle-distance runners, and highest in runners after a full or ultramarathon and in elite rowers after intensive training. In a subsequent study by the same research team, some athletes were given drinks containing either glutamine or a placebo immediately after and 2 hours after exercise. Of the athletes who drank the glutamine-laced fluid, 81% reported no infections during the seven days following the exercise while only 49% of those who did not have glutamine in their drink reported no infections (Castell et al. 1996).





Evaluating a Nutrition System

There are many nutrition systems, all offering more or less conflicting advice to athletes. Some of these are FDA Food Pyramid, Zone, Optimal Nutrition, Paleolithic Nutrition, Primal Eating, Chinese Medicine Dietary System, and Vegetarian Nutrition System. How can you tell the value of a nutrition system? How can you tell which is really healthy? Which is right for you?

There is a way of evaluating a nutrition system by looking at its long-term effects—for example, by looking at coaches and retired athletes. If they balloon soon after they cease to exercise intensively, then their nutrition knowledge is useless and their nutrition habits are unhealthy. Intensive exercise offsets many harmful effects of unhealthy nutrition, but as soon as one reduces the amount of exercise, the effects of eating poorly come through. What is unhealthy in the long-term, when the intensity of exercise of youth can no longer be sustained, must be detrimental to athletic potential during the age of peak performance. Hard work and talent can overcome the deleterious effects of suboptimal nutrition—but why not optimize the nutrition in the first place?

To optimize nutrition one has to understand signs of healthy nutrition and unhealthy nutrition—in an individual athlete.

Signs noticeable during and soon after a meal are feeling energized or sleepy, satiated or hungry (soon after a meal), light or bloated.

Signs noticeable several hours or even days later are quality of sweat, body smell, intestinal discomfort, content of urine and frequency of urination, and frequency and quality of bowel movements. Appearance of stool (feces) reveals the state of the whole digestive system, which is influenced, obviously, mainly by diet. Normal stools, produced by a healthy digestive system, are semisolid and coated with mucus, easy to pass, and not soiling. Why? Because—I repeat myself—whatever would compromise one’s survivability in “the wild” cannot be healthy. Having gas, being distracted and weakened by constipation or diarrhea, and being soiled by abnormal stools are disadvantages in the fight for survival.

Signs that reveal long-term nutrition status are fat deposits and appearance of skin, hair, and nails. If one gains or can’t lose excess fat, his or her nutrition interferes with healthy fat metabolism and so it is wrong. One’s skin, hair, and nails looking sick and being weak are also signs of poor nutrition.





5. Natural Means of Recovery

Presented here are means of enhancing recovery that do not require special physiotherapeutic equipment or specialized skills to apply. With the exception of practicing healthy habits such as those of bedtime routines for getting good sleep and matters of cleanliness such as taking a shower after every workout, all means of speeding up recovery are specific to an individual and can change depending on the state of the athlete’s body. The effects also change with continuous use.

Every means of speeding up recovery should be applied as part of the whole system of training with the “dosage” of particular means determined by the type and magnitude of training efforts and the individual needs of athletes (Kawa 1991).

Athletes adapt to the means of recovery just like they adapt to exercises so the frequent application of the same arrangement of the means of recovery leads to adaptation to these means and thus lowers their effectiveness (Kawa 1991). The arrangements and intensities of the means of recovery should be changed in response to an athlete’s reactions to them.

The most intensive means of recovery should be used at the time of hardest work. Getting used to intensive means of recovery during times of relatively light work makes athletes less responsive to such means later when they need them most (Kawa 1991).

Generally the means of speeding up recovery should be applied not when the unaided pace of recovery is highest—immediately after a workout—but when it slows down (Talyshev 1977). Talyshev showed that applying the same combination of sauna and hydrotherapy has different effects depending on the delay after the workout. Applying these means immediately after the workout improved work capacity right after the treatment and three hours later but on the next day athletes were in worse shape than if they had not used the recovery means at all. Applying the same means of recovery 3 hours after the workout led to increased work capacity six hours after the treatment and return of the work capacity to the initial level on the next day. Applying these means of recovery six or nine hours after the workout increased work capacity above the initial level on the next day.

Application of the means of recovery should ensure that the phase of supercompensation after a given workout occurs right in time for the next workout. Should the supercompensation occur too early, at a time when athletes cannot work out, its effect will be wasted. Should the supercompensation be delayed, then either it will occur at an inconvenient time, or so much time will elapse between workouts that the learning or practice effect of these workouts will not add up. This last situation may be caused by an inappropriate use of intense means of recovery that add their stress to the stress of the workouts—for example, using a sauna, which overheats and dehydrates, soon after a hard workout that already overheated and dehydrated athletes.

The decision on what to do and when to do it must be based on observation of how the different arrangements and times of the application of the means of recovery affect athletes.





Sleep

Lack of sleep causes irritability and an increased feeling of fatigue. It impairs memory, learning of sports skills, reaction time, attention, creative thinking, and the ability to deal with unfamiliar situations (Dotto 1996; Ferrara et al. 1999; Horne 1988; Wimmer et al. 1992; Nelson et al. 1995). If sleep deprivation is frequent, the efficiency of physical work is also impaired (Plyley et al. 1987). The minimum required amount of nightly sleep is 7–9 hours (Shapiro 1989).

William Dement conducted experiments in which subjects were deprived of REM sleep. During one week, they were awakened each night when their eyes began moving rapidly. With passing days the subjects were more difficult to wake up and showed increased signs of apathy, uneasiness, anxiety, and even panic (Hassing and Watson 1993).

There may be a connection between overtraining associated with chronically elevated levels of cortisol, lack of REM sleep, and the mental symptoms of overtraining. Gronfier et al. (1999) shows that REM sleep is associated with a decrease in cortisol secretion. Not sleeping for two nights causes a stress response with an increase of plasma cortisol and suppression of the nightly release of growth hormone (Radomski et al. 1992). Growth hormone stimulates the rebuilding of tissues after exercises. Both day and night sleep increase secretion of growth hormone, but only night sleep simultaneously inhibits secretion of cortisol (Pietrowsky et al. 1994). Interfering with nightly growth hormone secretion leads to insufficient rebuilding and eventually a breakdown of muscles, bones, and joint cartilage.

Sleep disturbance, even partial sleep deprivation, reduces immunity (Irwin et al. 1994).

An athlete should not eat for a few hours before going to bed. Immediately before going to sleep he or she can drink a glass of warm water. Coffee and tea are stimulants that interfere with getting a good sleep. The peak of the stimulating action of tea is long after it was ingested. It does not always prevent falling asleep, but the most precious recovery phase of deep sleep (stage four), occurring in the first hour after falling asleep, is rendered shallow and ineffective. Taking vitamin B-15 (calcium pangamate or pangamic acid) has similar effects (Mierzejewski 1988).

A high carbohydrate meal at bedtime may lead to more restful sleep than a low carbohydrate meal, but it increases REM sleep and decreases deep, stage four sleep (Porter and Horne 1981). Spicy condiments such as tabasco sauce or mustard taken with the evening meal slow down falling asleep and disturb sleep (Edwards et al. 1992).

A hot bath in the early or late evening induces sleep faster, increases deep sleep, and reduces REM sleep (Horne and Shackell 1987; Horne and Reid 1985; Bunell et al. 1988). Moderate exercise that raises body core temperature has a similar effect (Horne and Moore 1985; Jordan et al. 1990).

Sleep during the day, before a workout or competition, is not recommended. The ability to work is lowered after waking up, which prolongs the needed warm-up.

The bedroom must have fresh air and be dark, silent, and cool (63–66°F [17–19°C]). The head should be cool, the feet warm. The bed surface has to be even and hard enough to maintain the natural curves of the spine (Mierzejewski 1988).





Natural Environment

Swimming in open waters improves the functioning of the nervous system (mainly of its vegetative part) and the skin, as well as the thermoregulation of the body. Frequent swimming in the summer prevents the intensification of arthritic pains of the joints and spine that normally occurs in fall and winter (Mierzejewski 1988). Sea air with its high content of iodine and salt improves the function of breathing passages (Mierzejewski 1988).

Sunshine improves blood circulation in the skin and natural immunity, soothes pain, lowers blood pressure, and stimulates the endocrine system, metabolism, and the production of vitamin D needed for management of calcium and phosphorus. The amount of exposure to sunshine should start from 30–60 minutes depending on the season and time of day, and then can be gradually increased to 120 minutes in the course of two weeks (Mika 1983). On cloudy days exposing the body to fresh air improves lung ventilation and the function of the cardiovascular system, and it regulates the vegetative nervous system. The influence on these systems is more intensive with lower temperatures (Mierzejewski 1988).





Music

Music can be used as a means of psychotherapy. Music pieces with simple tonal construction, with agreeable harmonies and few changes of tempo calm, relieve anxiety, relax muscles, reduce resistance in the respiratory tract, and deepen the breath. After intensive effort, calming music should be listened to for up to 30 minutes in the evening before going to sleep (Mierzejewski 1988). Light, pleasant music at a maximum loudness of 40 dB can be used during the workout to improve mood and invigorate athletes (Naglak 1979).





Massage

Massage or automassage is beneficial for skin, muscles, and ligaments. The elasticity and strength of ligaments is improved by massage (Mierzejewski 1988). Deep friction massage is used to treat inflamed tendons, strained muscles, and sprained ligaments. Massage increases local lymph circulation (Ikomi et al. 1996). Besides these local influences, massage regulates the central nervous system through reflexive mechanisms (Mierzejewski 1988). For example, stroking the skin sedates and lowers excessive excitation, stroking the area of the cervical spine has a vagotonic effect (slowing down of the heart rate, dilation of blood vessels, and causing metabolism to enter a resting mode). An opposite effect may be obtained by stroking the area of the lumbar spine (Mika 1992).

Contrary to popular belief research indicates that manual massage does not elevate muscle blood flow irrespective of massage type or the muscle mass massaged (Shoemaker et al. 1997). To increase blood flow, use light exercise but not massage (Shoemaker et al. 1997). Further, other researchers (Gupta et al. 1996; Zelikovski et al. 1993), showed that massage, whether manual or mechanical, does not enhance the lactate removal because there is no difference between lactate values after massage and after a passive rest. Gupta et al. (1996) concluded from their study that active rest is best for enhancing lactate removal after exercise. Massage during the workout ought to be mild and applied on the primary working muscles. After the workout, massage is done only after the athlete has calmed down, and quite a while after a meal. It relieves tension and excitability.

Classic massage improves the strength of muscles more than point massage (accupressure) and point massage is better than classic massage for optimizing the functioning of the central nervous system. Both classic and point massage improve reaction time and recovery after a workout, and both types of massage can be done together (Pieshkov 1981).

Birukov, Kafarov, and Lukyanov (1986) investigated the effect of massage on the performance of wrestlers. They concluded that massage done after the warm-up and before a 30-second test of throws and a 6-minute bout of wrestling improved both the number and quality of throws in the 30-second test and the effectiveness of actions in the bout. Muscle tonus after the bout when the massage followed the warm-up was lower than when no massage was done or when the massage was done before the warm-up. The effect of massage conducted prior to the warm-up was slight (Birukov et al. 1986).

There are several kinds of sports massage: workout massage, preparatory massage, restorative massage, and therapeutic massage.

Workout massage, whole body or local, has to speed up the process of recovery after a workout. It is done 1.5–2 hours after the end of the workout. If a workout ends late in the evening, it may be followed by a short session of local massage or a restorative massage lasting no more than 20 minutes, saving the whole body massage for the next morning. This type of massage ceases 1–2 days before contest. On days with two workouts, a light restorative massage is done 20–30 minutes after the first (morning) workout and a more intensive massage, lasting up to one hour, is done 1.5–6 hours after the afternoon workout. A workout massage can be done in the sauna. Its duration then is about half that of a massage done in normal conditions (Geselevich 1976).

Preparatory massage is done immediately before an effort. It is used to relax the body, to warm up and prevent cooling down of the body, and to regulate the prestart emotions. A relaxing preparatory massage lasts 15–25 minutes and ends 5 minutes before the start in competition. In endurance sports, massage is done slower, longer, and deeper. In speed-strength sports energetic massage is performed on those muscles that are most stressed. Warming up preparatory massage is to be done before a workout, starts in competitions, and in the breaks between starts if it is cold and the breaks are long. This sort of preparatory massage should last 10 minutes. It is done energetically, at a fast pace. After completing the massage of any body part, it should be covered and kept warm, and after the whole massage the athlete should put on a warm-up suit. A massage regulating emotions has to calm down the athlete in the case of prestart anxiety or energize him or her in the case of prestart apathy. For prestart anxiety: 4–6 minutes of stroking (effleurage) followed by up to 2 minutes of light, superficial kneading (petrissage), and up to 2 minutes of shaking is done. For prestart apathy: 5–8 minutes of kneading, pressing up to 2 minutes, and hitting (tapotement) up to 2 minutes. All actions are done energetically and end 5–7 minutes before the start of competition (Geselevich 1976).

Restorative massage is done during breaks between heats (running or swimming), between bouts or matches (wrestling, boxing), before a change of apparatus in gymnastics, and after workouts or competitions to speed up recovery. Actions used: stroking (effleurage), rubbing, kneading (petrissage), shaking. Initially massage is light and superficial, and then it gets deeper and more energetic. The massage may begin as soon as the heartbeat and breath are back to normal (20–30 minutes after an effort). Massage lasts 7–12 minutes. If the rest break during competition is going to be approximately 1.5 hours, the restorative massage is done immediately after the start and lasts 7–15 minutes. In the case of considerable fatigue, a restorative massage is done after 1–2 hours for 15–20 minutes. In cases of great fatigue, as observed in marathon runners or cross-country skiers after 30- or 50-kilometer runs, restorative massage is done 2–3 times per day. The first session—30 minutes after the effort—lasts 7–15 minutes. The second session—2–3 hours after the effort—lasts 20–30 minutes. A third session—5 hours after the effort or on the next day—lasts 40–60 minutes depending on the athlete’s weight (see table 4). Vibrators are an effective means of speeding up recovery, especially in the case of local muscle fatigue. Massage with vibrators should last 3–5 minutes, with a frequency of vibration of 150–170 per second (150–170 Hz); massage begins 5–10 minutes after the effort and, in cases of repeated starts, immediately before each start (Geselevich 1976).

Therapeutic massage is prescribed by a physician in the case of some illnesses and various sports injuries.

Sports massage for female athletes, on days preceding menstruation, has to be shortened to 20 minutes. Strong, deep kneading (petrissage), hitting (tapotement), as well as massage of the abdomen, is not done on these days. One or two days after the end of the cycle, the massage session increases gradually to 35–40 minutes. Breasts (mammary glands) are not to be massaged but the chest (pectoral) muscles can be massaged (Geselevich 1976). The duration of whole body and local massages depends on the athlete’s weight as shown in table 4.


Table 4. Athlete’s weight and duration of massage (Geselevich 1976)

[image: Table 4. Athlete’s weight and duration of massage (Geselevich 1976)]


The sports masseur exchanges information with the coach and the team’s physician. A masseur can detect such signs of dysfunction as tenderness, stiffness, or uneven muscle tonus before the dysfunction manifests itself in motion and the athlete becomes fully aware of it.





Water

A shower is to be taken after every workout. A 5-minute shower of alternating temperature—each 1 minute of hot water (99–100°F [37–38°C]) followed by 5–10 seconds of cool water (54–59°F [12–15°C])—is 10–15% more effective for speeding up recovery than a shower of constant temperature (Awaniesow [Avanesov] and Talyszew [Talyshev] 1977). After a heavy workout that raised temperature, a shower should begin with 2–3 minutes of cool water, and then gradually get warmer. It should end with cool water (Naglak 1979). While in the shower, the athlete should rub the fatigued muscles with a sponge or a brush. A shower combined with tapping the muscles invigorates, while a long and hot shower relaxes the muscles (Ulatowski 1981b).

Sudden cooling by a shower or bath stimulates the sympathetic system and invigorates. Gradual cooling stimulates the parasympathetic system and calms the athlete down (Naglak 1979).

A hot (104–113°F [40–45°C]) wet compress relieves neuralgia (nerve pain) and lowers tension of the muscles (Mika 1983).

A warm bath (95–99°F [35–37°C]) is recommended after strength or speed-strength workouts and in cases of increased muscular tension and fatigue pains (Naglak 1979). After the bath, the athlete should cool down and rest. After an endurance workout a cooler bath followed by a short, refreshing shower is recommended (Ulatowski 1981b).

A hot bath should start at 99°F (37°C), with the temperature gradually raised to 102–108°F (39–42°C). After 3–5 minutes at this temperature, the athlete should gradually cool down under a shower. During the bath, the head has to be kept cool with a cold compress to prevent the dilation of blood vessels in the brain. A cold compress can also be used to cool the heart. After a short cooling off under the shower, the athlete should rest lying down for 30–50 minutes. This is recommended after (but not immediately after) intensive muscular efforts resulting in acidosis. The best times for a hot bath are afternoons or evenings in days of rest. A hot bath speeds up the removal of toxins and by-products of effort.

A whirlpool (Jacuzzi) combines the massaging action of streams of water with a high temperature that warms up the body. It is recommended after intensive workouts because it relaxes muscles, reduces pain, and increases blood circulation (Mika 1983).

Using an underwater water-jet for 20 minutes three times in a week of intense power training enhanced performance. Athletes who received such underwater water -jet treatment could put out more power continuously and had less contact with the ground during jumping than athletes who did not get this treatment (Viitasalo et al. 1995).

A sauna relaxes muscles, increases elasticity of joint capsules and ligaments, increases metabolism, and increases blood flow through the skin mostly at the expense of internal organs (Szygula 1995).

In a sauna, air temperature is from 140 to 284°F (from 60 to 140°C), with a humidity ranging from 5% to 15%.

Typically athletes use a sauna up to twice a week (Rehunen 1988). Naglak (1979) advises athletes to use a sauna once or twice a week instead of the second (afternoon) workout.

A sauna poses no risk to healthy people from infancy to old age, including healthy pregnant women with uncomplicated pregnancy (Kauppinen 1997). To be sure, however, it is best to obtain a physician’s permission prior to using the sauna.

A sauna is very effective as a means of speeding up recovery after a high volume of work that fatigues the whole body. It is not very effective for speeding up recovery after efforts fatiguing only a part of the body (Awaniesow [Avanesov] and Talyszew [Talyshev] 1977).

To use a sauna as means of recovery athletes enter it several times for a few minutes at a time. Between the stays in the sauna athletes take showers and rest for a few minutes.

A sauna is used as follows: The athlete’s bowels and bladder should be empty before entering the sauna. In the sauna he or she should lie down so the whole body is on one level, keeping quiet and not talking the better to relax mentally and physically.

Avanesov and Talyshev (Awaniesow and Talyszew 1977) had athletes achieve full recovery and even a state of supercompensation as measured by some indicators of function of the central nervous system and neuromuscular system within 18–20 hours after using the sauna right after the workout in the following manner: Air temperature in the sauna reached 212°F (100°C), relative humidity 10%. Athletes stayed in the sauna three times for 5 minutes; immediately after each stay they took a hot shower (99–100°F [37–38°C]), then rested 5 minutes; prior to entering the sauna again they took another hot shower.

When athletes used cold showers (55°F [13°C]) instead of hot showers, their recovery 18–20 hours after the sauna was worse than in the case of using hot showers even though right after the sauna ending with a cold shower the indicators of recovery were better (Awaniesow [Avanesov] and Talyszew [Talyshev] 1977). Geselevich (1976) in his Coach’s Medical Manual advises first cooling off under a cold shower and then taking a warm shower or a bath or a combination of hot showers and cold showers ending with a hot shower or bath.

Both the conclusion of the Avanesov and Talyshev experiment and Geselevich’s advice have in common ending the water treatment after each stay in a sauna with hot or warm water.

Each time upon leaving the sauna, the athlete should cool down by pouring cool water (55–59°F [13–15°C]) first on the feet and then along the legs to the lower part of the trunk and next from the hands along the arms to the chest, and finally on the face, head, and whole trunk. After a short break in pouring cool water, a sensation of warmth may occur, which is a sign that cooling should resume. To simultaneously cool off the respiratory passages, the time of exhalation should be extended so more cool air enters during inhalation (Kwasniewska-Blaszczyk 1988).

According to Geselevich (1976), a sauna as a means of recovery can be used between the morning and the evening workouts as well as during competitions. For this purpose the air temperature in the sauna ranges between 212–248°F (100–120°C). The athlete enters no more than 3 times, for 5–7 minutes each time. After cooling off, a hot (99–102°F [37–39°C]) shower or bath lasting 1.5–2 minutes should be taken. This is followed by a cool shower for 10–15 seconds and another hot shower (or bath) for 1 minute. After these showers, the athlete should sit or lie down for 5–7 minutes before entering the sauna again. Before returning to the sauna, the blood pressure and heart rate must return to normal values, that is, the values prior to entering the sauna for the first time (Kawa 1996). This procedure can be followed also after an evening workout or competition if there is more work to be done on the next day (Geselevich 1976).

After the last cooling the athlete should rest at least 20 minutes until his or her body temperature returns to its initial value (Kawa 1991). Lost water should be replaced slowly, within 2–3 hours. No eating or drinking (even water) immediately after the sauna.

If a heavy workout is to be followed by a day of rest, or during breaks of more than 20 hours between workouts or starts, the sauna is used in a different manner. Namely, the athlete enters the sauna at most 4 times, for 5–7 minutes each time. After each stay in the sauna, the athlete takes a cool shower for 10–15 seconds, and next a warm shower (or bath at 86°F [30°C]) for 2.5–3 minutes. The rest between the stays in the sauna is 7–10 minutes. The air temperature in the sauna ranges between 212–248°F (100–120°C), the same as in the previous application (Geselevich 1976).

At the end of a training cycle or after competitions followed by a lowering of the training loads, the sauna is recommended for the morning of the next day. The number of stays in the sauna depends on how the athlete feels. It may be up to 4 times. Geselevich (1976) recommends the duration of each stay as 5–7 minutes, with the temperature of the warm bath at 79–86°F (26–30°C).

Overheating in the sauna may occur if the above recommendations are not followed, as well as in cases of illness or overwork. Symptoms of the initial stage of overheating are excitation, nausea, dizziness, headache, and frequent urination. Later stages are characterized by sleepiness, heavy breathing, salivation, and a lack of perspiration. If the athlete has the above symptoms, he or she has to be removed from the sauna, covered with warm blankets, and placed in a stream of fresh air. Next, he or she should smell ammonia and drink hot sweet tea with lemon (Geselevich 1976). Further steps are to be decided by a physician.

Allover body heating, such as a hot bath or sauna, should not be done immediately after an intensive workout that caused dehydration and raised the body temperature because it further strains thermoregulation. Water or steam make the evaporation of sweat impossible. The body may reach 102–106°F (39–41°C), which disturbs tissue metabolism (especially in the nervous system) and can cause cramps and even fainting.

Athletes who lost 2% or more of their body weight in course of a workout are too dehydrated to use a sauna or hot bath (Stamford 1989). To monitor dehydration athletes should weigh themselves before and after a workout and after using the sauna or hot bath.

Lost water and electrolytes should be replaced by drinking mineral waters containing salt (NaCl), tomato juice, fruit and vegetable juices, and by eating foods with extra salt, lean meat, fresh vegetables, and fruits (Kawa 1991). Lost water should be replaced slowly, by drinking small amounts within 2–3 hours. Complete rehydration may take more than 24 hours.

Dehydration caused by intense sweating in a sauna lowers an athlete’s strength, strength-endurance, and aerobic fitness for up to 36 hours after the treatment (Szygula 1995). This is why a sauna should not be used within the 2–4 days preceding an important competition.

A sauna should not be used during menstruation or when the body temperature is raised (Szygula 1995).

Children stay in a sauna for a shorter time and at a lower temperature. Children age 12–16 enter the sauna twice for 5 minutes, with a 5- to 10-minute break between stays and the recommended temperature for them is 158°F (70°C). Seventeenyear-olds who are not accustomed to a sauna follow the same routine, while those who are accustomed use a higher temperature—194°F (90°C) (Kawa 1991).

The next day after using a sauna to speed up recovery, the athlete should feel fresh and fully ready for working out. If not, then either the stays in the sauna should be shortened or the sauna should be used less frequently (Kawa 1991).





Means of Recovery in a Macrocycle

The material in this section is adapted from Naglak (1979).

In the general preparation period, cool or lukewarm showers are taken in the mornings. After strength workouts, warm-cool showers; after workouts with overheating (mainly endurance), coolwarm-cool showers. Twice or three times a week, warm baths and massage after a workout are used. A sauna or a hot bath are used once a week, or even less often.

In the sport-specific preparation period, when the work stresses more of the muscular and nervous system, more local measures such as local massage, heating, and compresses are used in addition to the above means. Hot baths or a sauna are used 2–3 times a week if the athletes do not sweat a lot during workouts.

In the competition period, due to the specific character of the psychological and physical loads, the means of recovery have to specifically suit the needs of the sport.

Endurance sports: general, mildly toning treatments and local heating and relaxing treatments (baths, massages, overheating up to 2–3 days before contests)

Speed sports: local treatments 1–2 times a day, and overheating twice a week with profuse sweating (sauna, hot bath)

Technical sports (gymnastics, diving, shooting): gentle showers, mineral baths, and underwater massage; young (less than 18) gymnasts use warm salt (0.5–1%) half-baths with automassage

Individual contact sports: local massage or local bath every day; on alternating days a salt bath before sleep, followed the next day by a whole-body warm bath with rubbing or an underwater massage; since workouts cause great fluid losses, overheating (sauna) should be used carefully, 1–2 times a week, and not immediately after workout.

Speed-strength sports (weightlifting, jumps, ski jumps): warm baths (normal or mineral) with rubbing followed by massage; hot bath or sauna 1–2 times weekly

Team games: cool-warm-cool shower immediately after workout or match, or a warm bath (normal or mineral) with underwater massage (max. pressure 3–3.5 atm.) or automassage; once a week sauna or warm bath; for local overloads massage, compresses, and local baths are used.





PART II
DEVELOPING PHYSICAL ABILITIES

There are two sides of the motor function—skills and abilities. Teaching movements develops skills and is called “technical training.” Developing physical abilities is called “conditioning.” Technical training is often impossible without sufficient development of the physical abilities. Psychological training is necessary for developing a high level of competitive form and even for developing physical abilities. All aspects of sports training are closely related. Learning skills and developing abilities constitute one process. Their separation in this part and part 3 is done only for the convenience of describing the process of sports training.

When developing any one physical ability, the athlete influences all abilities—how much depends on the kind of work used and the level of physical training. For people whose level of physical conditioning is low (they are in poor shape), exercises intended for the development of one particular physical ability will put considerable demand on other abilities. For example, for beginners, a 100-meter sprint will be a test of not only their speed, but also of their strength, endurance, and coordination.

As training goes on, a dissociation of physical abilities takes place and exercises that before led to the development of all physical abilities now will affect only some of them (Zatsiorsky 1995). Later on, even negative relations appear between some of the abilities. Thus, the tasks of simultaneously reaching an individual’s full potential of maximal strength and of long-duration endurance turn out to be mutually exclusive.

The greatest degree of development for any particular physical ability, however, may be achieved only if other abilities are also developed to a certain extent. Some people are naturally strong, some are fast, some are well coordinated. The training should focus on these abilities that an athlete has a genetic predisposition for. Other abilities are to be developed to such a degree as not to be weak links that hinder him or her from taking full advantage of natural ability.





6. Strength

Strength as a human movement ability allows an individual to overcome or counteract external resistance through muscular action. There are several kinds of muscular actions.

1. Static (isometric) actions—the tension changes while the length of the muscle remains constant.

2. Dynamic actions


	Auksotonic action, in which both the length and tension of the muscle change;

	Isotonic action, in which the muscle’s length changes while its tension remains constant (as mediated by the cams or other devices on variable-resistance strength-training equipment); and

	Isokinetic action, in which the muscle contracts with a constant velocity throughout the full range of movement (as mediated by the servomechanisms in accommodating-resistance strengthtraining equipment).



In practical applications, the most commonly used muscular action is the auksotonic.

Muscle actions can be further divided into concentric actions, when the origin and insertion of the muscle get closer during contraction, or eccentric actions, when the distance between origin and insertion increases during tension as, for example, when the tensing muscle is lengthened by an overwhelming load. Most athletes can lower 10–30% more weight than they can lift, while some can lower even 60% more weight than they can lift (Hunter 1994; Platonov 1997).

This division into concentric and eccentric actions applies also to isometric actions. An example of an isometric concentric action would be a push or pull on an immovable object, while an example of an isometric eccentric action would be an attempt to hold a heavy weight in a fixed position.

If the isometrically contracting muscle, to maintain its length, has to overcome external forces stretching it, then the strength values are on the average 20% higher than when there is no stretching during tensing of the muscle (Wazny 1992a).

The auksotonic muscular actions most closely duplicate the real competitive application of strength (Romanowski 1973). Other types of muscular actions are also used in strength training, but they need a foundation that is best provided by exercises with auksotonic actions.





Concepts and Types of Strength

The maximal strength of a muscle, or a muscle group in a given movement, equals the highest external resistance an athlete can overcome or hold with full voluntary mobilization of his or her neuromuscular system (Platonov 1997). Tidow (1990) distinguishes three kinds of maximal strength: maximal concentric strength (most weight lifted), maximal isometric strength (most weight held), and maximal eccentric strength (most weight lowered).

The absolute strength of a muscle means its maximal strength plus the reserve protected by the autonomic nervous system, which cannot be voluntarily activated (Tidow 1990). The absolute strength of a muscle can be approximately assessed by a painful electrostimulation combined with maximal voluntary contraction or by forcibly stretching a maximally contracted muscle (Tidow 1990; Platonov 1997; Zatsiorsky 1995).

The relative strength of a muscle is a result of dividing the approximate value of the absolute strength of a muscle (as assessed with the above mentioned methods) by its cross-section (Wazny 1992a).

There are two more concepts in strength training: absolute muscular strength of an individual and relative muscular strength of an individual. Absolute muscular strength is the strength that an individual can develop in a movement regardless of his or her body weight. Relative muscular strength equals the absolute muscular strength divided by the body weight.

In sports disciplines where absolute muscular strength is important (shot put, the heaviest weight class of weightlifting), strength training should lead to an increase of muscle mass. In disciplines where either an athlete’s whole body has to be moved (gymnastics, pole vault, jumps), or the athlete’s weight has to remain within certain limits (lower weight categories of weightlifting, boxing, and wrestling), the relative muscular strength is of greatest importance. With the same level of training, heavier athletes have a greater absolute muscular strength and a lower relative muscular strength than their lighter counterparts. This lowering of relative muscular strength is explained by the fact that the mass of the athlete’s body is proportional to the body volume (cube of its linear dimensions), but the strength is proportional to the physiological cross-section of the athlete’s body (square of its linear dimensions). So, as the size of the athlete grows, the mass should grow faster than the muscular strength. Actually though, an increase of body mass leads to a decrease in the relative strength of chosen muscles only when this increase is not a result of strength training directed at these muscles. The following equation shows why (Wazny 1992a).

Fr = Fab ÷ (Mac + Mi)

where Fr is relative muscular strength (the ratio between an athlete’s absolute muscular strength and body weight), Fab is absolute muscular strength, Mac is the active mass (weight) of the muscles participating in the movement, and Mi is the idle mass (weight) of the rest of the body.

When the mass of muscles increases as a result of strength training, the absolute muscular strength and active mass grow, but the mass of the rest of the body remains constant (the increased mass of bones and connective tissues associated with the exercised muscles is too small to count). In consequence, the increase of the mass of the muscles necessary for a given task cannot cause a decrease of the relative strength in this task. The relative muscular strength gain of a given group of muscles is always greater than the weight gain if the weight increases as a result of the hypertrophy of that group of muscles (Wazny 1992a).

Muscular contraction generates force (F = ma). In most exercises used in sports and physical education (p.e.), the force increases toward the maximum either as a result of changing only the mass or only the acceleration (Farfel 1960). In exercises where strength grows thanks to a gradual increase of the displaced mass, muscles tense harder while the speed of contraction is constant. A good example here is weightlifting. In exercises where mass is constant, an improvement of result is achieved by increasing the acceleration. For example, in track-and-field throws, strength increase is due to an increase of the speed of contraction.

There are other ways to consider strength than just as the two most basic types—static and dynamic—the division based on the relationship between the muscle’s length and tension during efforts.

Static or isometric strength is used when the tension of a muscle increases while its length remains constant. Example: holding a weight. Most strength is gained at the angle held during isometric exercise. The transfer of strength gain to other angles varies from 10% to over 50%, and it is greater for muscles lengthened during isometric tensions than for muscles shortened (Thépaut-Mathieu et al. 1988; Zatsiorsky 1995). Nevertheless, due to the highly specific conditions of applying strength in sports, it is best to do sport-specific exercises in the exact positions of sports techniques.

Dynamic strength refers to that strength exhibited when the length of a muscle changes while the muscle tenses. Dynamic strength is divided into slow strength, speed strength, amortizing strength (slow and fast), reactive strength, explosive strength, and starting strength. Forms of dynamic strength except slow strength and slow amortizing (yielding) strength are called speed-strength (sila szybka, skorostnaya sila) by Central and East European authorities.

Slow strength is used when near maximal mass is given minimal acceleration, when a heavy barbell is lifted slowly, for example.

Slow amortizing or yielding strength is used in slow eccentric actions such as slowly lowering a heavy weight. The force values shown in eccentric tensions are greater than in any other type of muscle actions (Zatsiorsky 1995).

Fast amortizing or shock absorbing strength is used in fast eccentric actions such as landings or catching a hard-thrown object.

Reactive strength is used for fast switching from eccentric to concentric action such as landing and immediately jumping up. It is used in all jumps other than those done from standing still. Track and field jumps require reactive strength.

Speed strength denotes the result of dividing the athlete’s maximal strength value in a given movement by the time it takes to reach that value (Tidow 1990), or in simplified terms, the ability to exert maximal force during high-speed movement (Allerheiligen 1994).

Explosive strength is the ability to rapidly increase force (Tidow 1990). The steeper the increase of strength in time, the greater the explosive strength (see figure 7). It can be also defined as the ability to apply as much force as possible in the shortest time and is useful in all situations where a considerable mass has to be moved quickly, for example, in sprinting starts and in grappling throws. To a large extent explosive strength determines the athletes’ results in all speed-strength sports such as various types of wrestling, kickboxing, karate, track-and-field jumps and throws, and weightlifting.

Starting strength is the maximal amount of force a person can develop at the beginning of a movement (in the first 30 milliseconds after beginning the contraction).

Graph curves showing the strength increase for different amounts of resistance are identical for a given athlete (Tidow 1990). No matter how great or small is the resistance (how heavy or light is the weight), the initial part of the curves representing the gradient of strength related to time is the same. What differs depending on the amount of resistance is the time it takes the athlete to generate enough strength to overcome the resistance and move (for example, move the weight). In other words, that difference relates to the time it takes to make a transition from isometric muscle action to concentric muscle action, as seen in figure 7.

Athletes with high starting strength can move a light object sooner than those with lower starting strength. Boxing punches, fencing touches, or badminton strokes are actions in which high starting strength is an advantage (Platonov 1997).
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Figure 7. Strength curves (a) for different athletes and (b) for the same athlete but various amounts of resistance (Tidow 1990)



All these kinds of strength are not closely correlated. People of similar maximal static strength can have very different speed strength, explosive strength, and reactive strength. Starting strength and explosive strength are not closely correlated either, but both can be increased independently with specific strength exercises.

Zatsiorsky (1995) gives these rules:


	The force values shown in slow movements do not differ significantly from values shown in isometric tensions.

	In fast concentric movements, the force value diminishes as the velocity of movement increases.

	There is no relation between the force values shown in extremely fast movements (with little or no resistance) and in maximal isometric tension (maximal isometric strength).







Strength Training

Strength increases both because of adaptations within the nervous system (learning and improved coordination) and muscle hypertrophy (Moritani and deVries 1979; Sale 1988). So it follows that the smaller the contribution of learning and coordination, the greater will be the contribution of hypertrophy to strength increase and the sooner it will occur. And indeed, the bodybuilders use such isolated “dumb” exercises to grow enormous muscles while being relatively (pound for pound) much weaker than weightlifters who do more movements demanding difficult coordination.

In strength training an athlete should use natural movements—not isolate muscle groups with artificial, bodybuilding-like exercises. There is no isolation in any natural movement, be it lifting, jumping, throwing, pushing, or pulling and there is no isolation in any sports techniques. Isolation is a concept of bodybuilding (which is looks-oriented) and has little or no application in strength training for action. Only if a rapid increase of muscle mass is needed would it make sense for isolated movements to be used.

Strength increases because of the adaptation of the body to resistance exercises. Adaptation is quicker if the exercises remain standard for some time (Naglak 1979). Because of this, an athlete should choose a certain program of strength exercises and repeat it in several workouts, changing only the weight and the number of repetitions (Naglak 1979; Zatsiorsky 1995). The use of the same program will make it habitual, however, and from that point on the essential changes in strength can be achieved only if the volume of work (tonnage) is drastically increased. This is not always possible or desirable. Also, unvarying execution of the same exercises is mentally tiring. Therefore, it is recommended that the same program of exercises be used in several subsequent workouts, and then the program should be changed. Usually such a change is done once every two to six weeks (Kukushkin 1983; Naglak 1979).

The program of exercises should not be changed if it is still effective. Generally, in all forms of strength training, the volume of work needed for regaining the previous level of strength is much smaller than what was needed to achieve it in the first place, and the volume of work needed to maintain for some time an achieved level of strength is smaller yet (Wazny 1992b).

Strength Exercises

Exercises can be classified according to the form of resistance and character of movement.

Dynamic exercises against constant resistance. The resistance measured in mass or weight (force) does not change throughout the movements, which utilize any of the dynamic type of muscle actions (concentric, eccentric, or combined). The resistance can be provided by the mass of the athlete’s own body or of other objects, and by friction when objects are moved on any surface.

Dynamic exercises against accommodating resistance. The resistance changes while the movement velocity is constant. Such exercises are performed on isokinetic machines and do not have much application in sports training because the top velocities possible on isokinetic machines are too small a fraction of velocities in sports techniques.

Dynamic exercises against variable resistance. The resistance varies throughout the movement and the variation is caused either by cams that match it to a changing joint angle or by hydraulic devices that increase resistance with increased velocity of movement. Very effective sport-specific exercises in which resistance is provided by water or air fall into this class.

Exercises permitted by machines with cams or with hydraulic devices are too different from natural movements in their spatial form and in their dynamics to be useful in sports training.

Dynamic exercises against elastic resistance. The resistance provided by springs and rubber cords (bungees) is very small at the beginning of each movement and increases at the end of each movement. To achieve approximately constant resistance throughout the whole movement, the athlete should use a hard rubber cord or long spring. If the effort has to be concentrated at the end of the movement, he or she should use a short but soft rubber cord. The amount of resistance provided by springs or rubber cords can be estimated by attaching a dynamometer to them and noting the reading at the end of movement.

Static exercises against constant resistance (isometric exercises). The resistance for isometric exercises may be provided by immovable objects, by movable objects held steady, or by the athlete’s own limbs.

Soviet researchers (Matveyev [Matveev] 1981), on the basis of practical experience and experiments, recommend doing up to six different isometric exercises, each in 2 or 3 sets of one or, for athletes used to strength training, 2 or 3 tensions separated by a few seconds, with 1–3 minutes of rest after each set. This is to be done four times a week, ten to fifteen minutes per day, using tensions lasting five to six seconds. The amount of tension should increase gradually and reach a maximum by the third and fourth second. Beginners should start the isometric training with mild tensions, lasting two to three seconds. The time and the intensity of tension can be increased as the athlete progresses. In rest periods between isometrics the athlete should do breathing exercises, shake his or her muscles, and do easy, relaxed stretches. To control the amount of tension, athletes can use special training stands with dynamometers or weights.

Isometric exercises develop most strength at the angle at which the muscles were tensed. An attempt to develop strength by isometric exercises only may lead to a stagnation of strength in only six to eight weeks. Changing the positions in which muscles are tensed, every 4–6 weeks, may prevent that stagnation (Matveyev [Matveev] 1981).

Isometric exercises are not recommended for athletes who are not past puberty (Drabik 1996). The most effective method of isometric strength training requires maximal muscle tensions and young athletes 16 years old should not work with resistance greater than 70% of one repetition maximum (1RM) (Drabik 1996).

Properties of Strength Exercises

Strength exercises cause morphological changes that occur mainly in muscles, including increases in the amount of muscle glycogen, the number of mitochondria, the number of capillaries, the size of muscle fibers, the structure of connective tissue, and the density of the bones associated with the exercised muscles. Strength exercises also cause functional changes that occur mainly in the nervous system. These changes are improved intermuscular and intramuscular coordination, including recruitment and synchronization of a muscle’s motor units. Overcoming maximal resistance causes recruitment of a maximal number of motor units—nerve cells and muscle cells innervated by them—and the synchronization of their activity (Zatsiorsky 1995).

Both the morphological and functional changes caused by strength exercises are specific for each type of exercise. A prolonged use of isometric exercises causes an increase of sarcoplasm in muscle cells, a rounding of the nuclei, a transverse expansion of the motor plates, a meandering of capillaries, and a thickening of endomisium and perimisium (connective tissue surrounding single muscle cells, and bundles of muscle fibers, respectively). Dynamic exercises cause a thinning of the layers of endomisium and perimisium, an extension of motor plates along the length of muscle cells, and a sharp pronunciation of the transverse striations of the myofibrils (the contractile parts of muscle cells). The nuclei also become oval (Bondarchuk et al. 1984).

There is little transfer of strength acquired in one type of movement to other types of movements, even if these movements involve the same muscles. This specificity of training applies to the posture in which one exercises (Wilson et al. 1996), to the angle or muscle length (Bloomfield, Ackland, and Elliott 1994), the velocity, and the pattern of movement (McArdle, Katch, and Katch 1991). Strength in a given movement depends not only on the muscle’s cross-section and ratio of fiber types, but also on neural factors such as the recruitment and synchronization of firing of the appropriate motor units (McArdle, Katch, and Katch 1991). Only in the case of beginners can one type of exercise cause considerable improvements in all forms of strength (Naglak 1979).

Increasing static strength does not always cause an increase of dynamic strength (Wazny 1992b). Actually, only beginners improve the fast forms of dynamic strength with isometric exercises (Bondarchuk et al. 1984).

The central nervous system has great influence on strength performance. Stimulation prior to or during a test increases strength, and hypnosis has the greatest influence on strength. M. Ikai and A. H. Steinhaus (1961) have shown that forearm strength was increased 7.4% two to ten seconds after a pistol shot, 12.2% if the subject shouted when applying the force, and 26% if greater strength was suggested under hypnosis. Hypnosis that suggested weakness caused a 31.7% decline in strength.

Here is another example of the central nervous system’s influence on strength: When exercising one limb at a time, greater force can be produced than in each limb when both limbs are exercised together, either because more neural activity is concentrated on one working limb or this activity is not inhibited by participation of the motor centers of the other limb (Oda and Moritani 1995). But when a person then attempts to perform with a maximal load using both limbs together, he or she might experience less than the combined individual maximal output by the two limbs’ muscles—because they haven’t been trained together. This is called bilateral deficit.

Researchers believe the deficit can be as much as 20% during bilateral maximal contraction (Schantz et al. 1989). Oda and Moritani (1994) showed that during bilateral elbow flexions the bilateral deficit was associated with less stimulation of the fasttwitch fiber units of the dominant arm.

Bilateral training diminishes the bilateral deficit (Enoka 1997; Taniguchi 1998).

Howard and Enoka (1991) showed that untrained people display bilateral deficit while weightlifters, who do most of their lifts bilaterally (both arms and both legs are moving in the same direction), display bilateral facilitation, which is the opposite of bilateral deficit. Curiously, the same research has shown that cyclists do not display bilateral deficit in isometric contractions of both legs.

Bilateral deficit occurs or rather may occur (considering the cyclists and weightlifters, who do not display it) with concentric, isokinetic, isometric, and eccentric muscle actions (Taniguchi 1997; Weir et al. 1995; Weir et al. 1997).

Bilateral deficit occurs only for both arms or both legs and not for an arm and a leg (Howard and Enoka 1991).

Methods of Strength Training

To develop strength, the athlete needs to use sufficiently great muscular tensions. The resistance needed to develop these tensions can be provided by the mass and weight of various objects, or the athlete’s own body (push-ups, chin-ups, jumps, and other means of displacement), or by partners, springs, rubbers, special machines, and the environment—for example, water, or an incline. For untrained individuals the minimum resistance needed to provide a training effect in strength exercises is 20% of their personal best (Siff and Verkhoshansky 1999; Zatsiorsky 1995). For advanced athletes the minimum resistance needed to provide a training effect can be much greater—even 80% of their personal best—in other words 80% of their competition maximum (Wathen 1994a).

The resistance is customarily graded as follows (Naglak 1979).

Maximal resistance permits only one repetition

Submaximal resistance permits 2 or 3 repetitions

Heavy resistance permits 4–7 repetitions

Moderately heavy resistance permits 8–12 repetitions

Moderate resistance permits 13–18 repetitions

Light resistance permits 19–25 repetitions

Very light resistance permits over 25 repetitions

Exercises with maximal resistance and very intensive strength exercises for fast development of strength should not be done before full maturation of the skeleton, which occurs usually around 17 years of age (Wazny 1981b).

There are three methods of eliciting maximum muscular tensions (Zatsiorsky 1995). The objectively measured values of tensions vary in every method, but eventually the tensions reach maximal values in the given circumstances:


	overcoming maximal and submaximal resistance that causes maximal or near-maximal muscle tension;

	overcoming considerably less than maximal resistance that causes considerably less than maximal muscle tension until fatigue forces muscle tension to reach its maximum; or

	overcoming less than maximal resistance at maximal speed.



1. Overcoming maximal and submaximal resistance that causes maximal or near-maximal muscle tension. This method is characteristic of training high-level athletes in speed-strength sports. It improves nervous coordination that increases strength (Zatsiorsky 1995). The greater the resistance, the more muscle units (motor units) are mobilized. It should not be the only method of developing strength, however, because strength growth due solely to improved coordination is limited, and because maximum resistance is not suitable for everyone. Strength training with maximal and close to maximal resistance for improved coordination causes very little hypertrophy because the number of repetitions with such great resistance is very small and does not cause sufficient breakdown of muscle proteins to stimulate rebuilding them in excess after work (Wazny 1981b). In this method mostly maximal training resistance and submaximal training resistance are used. Submaximal resistance is used in the sense popularized by Soviet athletic coaches, referring to efforts of 90–95% maximum. Submaximal resistance allows from two to three repetitions.

In Zatsiorsky’s terminology maximal resistance means “maximum training resistance”—the greatest resistance that can be overcome one time without a strong effort of will and emotional stress (Zatsiorsky 1995). A coach can determine an athlete’s maximum training resistance or weight by observing his or her heart rate before the lift. Increase of the heart rate before the lift is a sign of emotional stress and means that the weight is greater than the athlete’s maximum training weight (Zatsiorsky 1995).

Training with truly maximal resistance, also called maximal competition resistance, is ineffective. It brings about emotional fatigue (Kukushkin 1983). Maximum competition resistance, or weight, concerns only competitive weightlifters.

Strength exercises with the maximal competition resistance, involving the majority of muscle groups, are done at most 2 times a week—even if the volume of work per workout is low, and even in the case of weightlifters. Using maximal competition resistance in exercises involving most of the major groups of muscles requires great mental mobilization and causes emotional fatigue. If exercises with maximal training resistance are done more often than once or twice a week, coordination can be impaired as a result of repeating the exercises without full mental mobilization, and defensive inhibition can develop as well (Matveyev [Matveev] 1981).

To develop maximal strength, Bompa (1993) recommends working against resistance from 85% to 100% of 1RM in sets of 1–4 repetitions. Force should be applied as fast as possible even though a heavy weight may travel slowly (Bompa 1993). The number of sets should not exceed 70% of the maximal number of sets the athlete could do while maintaining the assigned intensity and, for exercises of maximal intensity, should not be more than six because doing more than six sets does not contribute to increasing strength but rather develops muscular endurance (Wazny 1992b). The maximal number of sets an athlete can do with the assigned intensity is determined by conducting a test once every three or four weeks (Wazny 1992b).

The rest intervals between sets of up to 4 repetitions last from 3 to 6 minutes and can be filled with easy stretches and shaking movements that loosen up the muscles. Strenuous static stretching between sets of heavy resistance exercises is counterproductive and even dangerous because it impairs maximal force production (Kokkonen et al. 1998). Wilson et al. (1994) showed that maximal force production in a bench press is positively related to stiffness of the prime movers.

The long rest breaks between sets are for complete recovery of both the muscles and of the nervous system, which is much stressed by the maximum concentration necessary for lifting heavy weights in such a manner. The heavier the athlete, the longer the rest should be (Matveyev [Matveev] 1981). Usually 3–6 exercises are done in a workout depending on the athlete’s needs.

The most popular method for improvement of general strength is doing exercises with gradually increasing resistance, up to 80–100% of an athlete’s maximum training resistance, at either a slow, moderate, or fast pace. Loads, in percentage of the maximum, vary depending on the pace of movements. Advanced athletes do the exercises at 60–100% of maximal resistance, at a slow pace; at 60–90% of maximal resistance, at a moderate pace; and at 60–80% of maximal resistance, at a fast pace. Sets with 60% of maximal resistance warm up for the heavier loads. Less advanced athletes may reduce the amount of resistance in each set and increase the number of repetitions. Rest between sets of one exercise is filled with walking or performing very light exercises, for 2–4 minutes depending on the speed of recovery of the muscles and the time it takes to regain the mental ability to mobilize for effort. Longer rest periods (near 4 minutes) are needed for beginning athletes and in the case of maximal and submaximal resistance.


Slow pace
3 sets of 3 reps with 60% of maximal resistance
1 set of 3 reps with 80% of maximal resistance
1 set of 2 reps with 90% of maximal resistance
1 set of 2 reps with 95% of maximal resistance
2 sets of 1 rep with 100% of maximal resistance
2 sets of 2 reps with 90% of maximal resistance

Moderate pace
3 sets of 3 reps with 60% of maximal resistance
1 set of 3 reps with 70% of maximal resistance
1 set of 3 reps with 80% of maximal resistance
2 sets of 2 reps with 85% of maximal resistance
2 sets of 2 reps with 90% of maximal resistance
1 set of 3 reps with 70% of maximal resistance

Fast pace
3 sets of 3 reps with 60% of maximal resistance
1 set of 3 reps with 70% of maximal resistance
1 set of 3 reps with 75% of maximal resistance
2 sets of 2 reps with 80% of maximal resistance
2 sets of 3 reps with 75% of maximal resistance
1 set of 2 reps with 70% of maximal resistance



In this method in a single workout six to eight exercises are done such as the various forms of clean and jerk, press, snatch, and squat (Wazny 1981b).

The pace of exercises determines results. A fast pace “reduces” the resistance by taking advantage of the momentum but improves neuromuscular coordination. A slow pace “increases” the resistance by eliminating the momentum of the weight and thus develops hypertrophy (Pawluk 1985).

Isometric exercises and combinations of isometric exercises with dynamic resistance exercises can also be used to elicit maximal muscle tension.

The combination of isometric tensions and dynamic movements against resistance in one exercise is used to increase strength at the so-called sticking points of all kinds of lifts. In such exercises, weight is lifted with intermediate stops, each lasting 1–3 seconds, that force greater tension upon resuming the movement than when lifting the weight continuously. The weights used in one exercise may be arranged as follows (Wazny 1981b):


3 sets of 2 reps with 40% of maximal resistance
1 set of 2 reps with 50% of maximal resistance
1 set of 2 reps with 60% of maximal resistance
1 set of 2 reps with 70–80% of maximal resistance
1 set of 2 reps with 60% of maximal resistance



Rest breaks last 2–5 minutes between sets. From six to ten of such exercises can be done in a workout.

2. Overcoming considerably less than maximal resistance that causes considerably less than maximal muscle tension until fatigue forces muscle tension to reach its maximum. This is the main method of developing strength, especially in the general preparation period. The physiological mechanisms of work with such resistance differ from work against resistance that immediately causes synchronous activity of most motor units, for example, against maximal or submaximal resistance.

During natural muscle contraction motor units are activated or recruited according to the size principle. Motor units with small motoneurons (slow-twitch units) are activated first, and as more tension is needed, gradually a greater number of the motor units with larger motoneurons (fast-twitch units) are activated. Activation of fast-twitch motor units is not related to the speed of contraction but to the amount of tension. The greater the muscle tension the more fast-twitch units get activated (Platonow [Platonov] 1990; Zatsiorsky 1995). This is how maximal and submaximal resistance affect the muscles.

With less than maximal resistance an athlete can obtain maximal tensions and activate a similar number of motor units as with maximal resistance if he or she exercises to failure. As fatigue sets in, the tension in some motor units drops. The movement that could be done easily at first now is difficult, so more and more motor units join in the work and in the last repetitions the number of working motor units is maximal. The last attempts are especially important here because they involve maximal tensions.

The advantages of this method of increasing strength over the first method are the greater influence on muscles’ metabolism and the lower risk of injuries (Zatsiorsky 1995). The drawbacks of this method are the high energy expenditure and that the last repetitions, the most valuable ones for developing strength, are performed when an athlete is fatigued and so their dynamic characteristics may differ from those required in a sports application. Rest intervals between sets, in strength exercises done by overcoming less than maximal resistance until failure, are between 60–180 seconds; the number of sets is three or more (depending on the number of repetitions); and the number of exercises per workout is 2–4 (Matveyev [Matveev] 1981).

Working out with resistance that maximally permits 4–6 repetitions increases strength without considerably increasing mass (Matveyev [Matveev] 1981). With these heavy loads the hypertrophy is confined to fast-twitch fibers (Wathen 1994a).

Resistance allowing 8–12 repetitions increases muscle mass (Wathen 1994b; Matveyev [Matveev] 1981). Each repetition should be done at slow to moderate speed. According to Bompa (1993) work on increasing muscle mass is best done in 4–8 sets (the fewer the exercises the more sets), each set done to failure, with 3–5 minutes of rest between sets. The maximum number of exercises per workout is nine.

Loads below 50% of an athlete’s maximal training resistance cause little if any hypertrophy and develop a form of strength-endurance that has no correlation to either maximal strength or to general endurance as measured by the 1500-meter run (Wazny 1981a).

3. Overcoming less than maximal resistance at maximal speed. In this method either light weights or the resistance of the athlete’s body are used. A great plus of this method is that the speedstrength exercises can include the technical exercises of the athlete’s sport. Exercises in this method can be done also to failure but unlike the second method where the failure meant inability to repeat the movement at all, here failure means inability to move with the assigned speed.

Because this method involves less strenuous efforts than the two preceding methods, it is the main method to be used with children.

Strength Training vs. Technical Training

Neither technique nor coordination are adversely affected by rational strength training. Strength exercises, if properly chosen for each stage of training and period of a macrocycle, improve skills. If strength training is done using only simple bodybuilding-type exercises with weights and isometrics, that have nothing to do with the internal and external structure of movement in the techniques, then the sport-specific coordination and learning of techniques is going to be impaired (Naglak 1979). There are known cases of well-trained athletes losing overall coordination and having difficulty learning new skills (secondary movement illiteracy) as a result of undiversified strength training (Wazny 1981b).

To assist in improving the technical skills of an athlete, lots of various strength exercises, among them those of spatial and temporal structure similar to the techniques of the sport, ought to be used.

V. M. Dyachkov introduced the concept of “motor orientation” (an inner readiness to carry out a skill in a habitual manner) for the changes occurring in an athlete’s body at the beginning of an effort or even before an effort, in expectation of it (Ermolaeva 1988).

Technical training ought to form in an athlete a motor orientation that is most suitable for the character of the movements in the technique. Motor orientation is formed by dominant exercises. An excessive resistance in sport-specific strength training forms the wrong motor orientation—a bias to rely on strength. Such a bias spreads to all the activities of the athlete, who then uses excessive muscle force and cannot effectively perfect techniques (Naglak 1979).

Strength Exercises in Developing Speed

In strength exercises designed to develop the speed of movements, the amount of resistance should be such as to let an athlete move with speed similar to the speed in competitive actions. The greater the amount of resistance an athlete overcomes in competitive actions, the greater the resistance used in speed exercises—for example, weightlifters use weights of 70–80% of their maximum.

While strength of a muscle depends on its cross-section, there is no such simple relationship between its contraction speed (and thus speed of movement) and its cross-section. Proper coordination of the involved motor units is needed for developing maximal speed of movement. This coordination depends on the efficiency of the nervous system. Farfel (1960) quotes a study in which 14- and 15-year-old boys had a higher speed of single movements than stronger but slower 17- and 18-year-old boys.

As the resistance increases the velocity of a muscle’s contraction decreases, which means that with the growing resistance the strength (force output) increases but speed decreases. When resistance equals an athlete’s maximal static strength, the velocity is zero. If the resistance is increased even more, then the velocity will be negative because the athlete will be doing an eccentric movement.

The velocity of movements without external resistance does not depend on maximal isometric (static) strength. There is no relation between the velocity of movements without external resistance and a person’s maximal isometric (static) strength, but with increasing resistance there is a relation: the greater the resistance the more the velocity of the movement depends on a person’s strength (deVries 1980; Sharkey 1990). Heavy resistance exercises do not influence the velocity of nonresisted movements with the exercised limb nor the reaction time measured for that limb. In short, then, the speed of single nonresisted movements is not going to be improved by exercising with relatively heavy weights. Heavy resistance exercises will only help the speed of movements against considerable resistance.

Frequency of movements, another expression of speed, depends mainly on the mobility of nervous processes, also termed the lability of the nervous system (Sozanski and Witczak 1981). But the amount of force developed at various frequencies of movement does depend on maximal strength. The maximal force of contraction can’t be developed more often than every ten seconds. At higher frequencies the force of contraction diminishes and at the frequency of one movement per two seconds only 60% of an athlete’s maximal force can be mobilized (Sozanski and Witczak 1981).

It is worth knowing that the ability to accelerate fast and the ability to move at a high velocity are independent from each other. An athlete can have a quick start but a low velocity when covering the distance (deVries 1980).

Medvedev et al. (1981) describe a study of three groups of weightlifters. The first group did 70% pure strength exercises and 30% speed-strength exercises; the second group did 60% pure strength and 40% speed-strength; the third group did 40% pure strength and 60% speed-strength. In the first month, weights equal to 70–80% of maximal were used, in the second month 80–90%, and at the end of the third month 90–100%. The conclusions were that:


	Training directed at developing pure strength (70% of exercises) improves results in the clean and jerk, and training directed at developing speed-strength (pure strength—40% of exercises) improves results in the snatch.

	To improve the combined results in both lifts, workouts directed at developing pure strength, speed-strength, and speed must be used in training.



Good results were also achieved by doing only pure strength training.

To improve an athlete’s speed potential, strength exercises similar to the sports techniques should be done so as to improve strength while perfecting techniques. Strength exercises aimed at improving speed in sports techniques must be similar in form, timing, and rhythm of movements to the actual sports technique (Starzynski and Sozanski 1999). Resistance must also be similar—not too great, because too much resistance will alter the form of movement and will prevent the athlete from moving as fast or as explosively as he or she needs to.

Sometimes increasing strength improves speed only initially and then has no effect. The reasons for this may be any of the following (Sozanski and Witczak 1981):


	Increasing strength beyond what is needed for the technique. If an athlete’s strength far exceeds what is needed for the technique, then there is no relation between the athlete’s strength and speed.

	Shortening the time of the movement so much that there is not enough time to apply full strength.

	Interference or change in movement coordination because of the increased strength of some muscle groups.

	Using excessive resistance that altered the internal structure of the movement. Even though the exercise looks very similar to the technique and involves the same muscle groups, if the resistance is considerably different than in the actual technique, then the pattern of using the muscles is different too and does not translate into improved performance of the technique.

	Creating a “speed barrier.” Repeating speed exercises often at an athlete’s maximal speed makes the athlete “learn” that speed. Later, when the athlete’s strength or mastery of technique is better, he or she still moves at the old speed because it got instilled by so many repetitions.



Developing Explosive Strength and Jumping Ability

Jumping ability is a manifestation of explosive strength in the form of a jump. Other manifestations of explosive strength are martial arts kicks and punches, or the action of the arm in shot put.

The greater the force an athlete can apply in the short time of contact with the ground (jump takeoff), or in the time it takes to throw a martial arts kick or punch, the greater is his or her explosive strength. The height of the athlete’s jump depends on how much force he or she can apply in the short instant of a takeoff. How far an athlete’s opponent will fly across the ring depends on how much force the athlete transfers to the opponent’s body in the instant the athlete’s fist or foot contacts it.

The principles of training for jumping ability (but not the particular exercises) also apply to any explosive strength training. Explosive strength can be developed by very fast movements against resistance. These movements can be standard resistance exercises such as squats or arm exercises with a barbell (very fast, though), medicine ball throws, or jumps, and plyometrics. (In plyometric exercises muscles are rapidly stretched during an eccentric action right before a concentric action. Examples of plyometrics are jumping drills, depth jumps, clap push-ups, catching and immediately throwing back a medicine ball, and letting a weight attached to a pulley fall down and then suddenly reversing its movement.) But an athlete’s first task may be an increase in maximal strength by standard resistance exercises. To decide where to start work, this question has to be answered: Is the athlete’s maximal strength much lower than that of leading athletes who display adequate explosive strength in the given sport and in the athlete’s weight class? If yes, then the athlete may have to first increase his or her maximal strength.

Zatsiorsky (1995), with the example of a beginner shot-putter, explains why someone lagging in maximal strength may increase explosive strength by increasing maximal strength. The delivery phase in shot put lasts from 0.15 to 0.18 seconds, and the best shot-putters (with results of 21.0 m, or 69 ft.) within that short time apply a force of up to 60 kg (132 lb.). The best shot-putters bench-press from 220 to 240 kg (485 to 530 lb.), which gives 110 to 120 kg (242 to 265 lb.) per arm, so in the very brief time available they can use only about 50% of their maximal strength.

According to Zatsiorsky a beginning male shot-putter who bench-presses only 50 kg (110 lb.) may improve shot put performance when he bench-presses 150 kg (330 lb.). Improvements of maximal strength up to that point may increase the amount of force the athlete can mobilize within the time span of 0.15–0.18 of a second. (The underlying reason is that the strength-time curves depicting the strength increase for different amounts of resistance are identical for the same athlete, so the initial buildup of maximal strength increases the force available at progressively longer time intervals—in the case of shot put, up until 0.18 of a second. See figure 7 and text preceding it for explanation.) Eventually an athlete’s maximal strength increases so much that all the curve increase happens later than the time available for action. Further increases of maximal strength probably will bring no improvements in shot put. From that point on, the key to improvement lies in shifting the curve by explosive strength exercises, including plyometrics.
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Figure 8 illustrates another example of the need to progress from exercises for increasing maximal strength to plyometrics, this one from the high jump. The height of a jump depends on the vertical velocity of an athlete’s center of gravity at takeoff. The greater the force and the longer the time that force acts on the body, the greater that velocity and the higher the jump. The only way to extend the time the force has for acting is to increase the distance the center of gravity travels, so there is more time for acceleration. Unfortunately, the human anatomy limits the effectiveness of this method, because lowering the center of gravity requires bending the knees, and bending them below 140 degrees reduces the efficiency of leg muscles (Wazny 1981e). This leaves only one option—to increase the athlete’s force by making the leg muscles stronger. But how? When the duration of takeoff is 0.12 second (long jump) or 0.20 second (high jump, Fosbury flop style), then that is all the time an athlete has for using the force. Strength training for jumping ability has to enable the athlete to generate as much force as possible in that short time. Slow squats with huge weights will increase the athlete’s maximal strength but they will not develop explosive strength. (For someone with insufficient maximal strength slow squats may increase explosive strength but then the weight will not be huge. See the example of the bench press and shot-putter.) And what good is great maximal strength if the athlete can’t use it within the split second he or she has for the takeoff?

It follows, therefore, that increasing maximal strength alone is not a guaranteed way to achieve better jumping ability because the takeoff must be kept short. This is where plyometrics can fit into an athlete’s strength training regimen.

If an athlete does not jump as high or as quickly as he or she needs, even if this athlete can squat with a heavy weight (150–200% of body weight), the athlete should consider adding exercises for explosive strength to his or her workouts. Here is how to tell what exercises the athlete needs to focus on. Is the height of his or her reach jump from standing still less than that of other athletes in his or her sport who jump well and who squat the same as the athlete? The athlete should ask him- or herself how the takeoff for his or her typical jumps feels. Is it instantaneous and explosive, or is it sluggish? (A poor result would be 55 cm [21.6"] for men and 43 cm [16.9"] for women.)

Poor results in a reach jump done from standing still indicate low explosive strength, especially if the athlete’s maximal strength in a squat (as measured by maximal weight lifted) is high. Short sets of squats and half squats performed very fast develop the explosive strength of the legs.

If the athlete has good results in a reach jump done from standing still but exhibits a long support phase during takeoff in the sports technique, this calls for plyometrics. Plyometrics shorten the time of switching from an eccentric muscle action (a landing or a stomp preceding a takeoff) to the concentric action of the takeoff itself. Jumps preceded by a short step or a jump (landing and immediately jumping again) require and perfect reactive strength and explosive strength. Practicing jumps from standing still does not require reactive strength—the ability to mobilize strength very quickly. Neither does it put as short a time limit on the takeoff as the jump “from a landing,” and so it does not improve the ability to mobilize strength very quickly (Wazny 1981e). Practicing jumps from a landing increases the height of a jump from standing much more than the other way around.

Both jumps and very fast squats and half squats develop explosive strength and both types of exercises should be used in training for jumping. One of the methods for developing the explosive strength of the legs is performing squats with very light weights (20–40 kg [44–88 lb.] for athletes who can lift 210 kg [463 lb.] in a squat) and doing them very fast—5 meters (16 ft.) per second (Wachowski and Strzelczyk 1994).

Fast squats and half squats are less intensive efforts and put less stress on the body than full force jumps and depth jumps and therefore should constitute the bulk of an athlete’s work on developing explosive strength. (The exception to this is when his or her explosive strength as measured by the reach jump is fine but the takeoffs are too long.) Even though the initial progress is faster, a more intensive exercise leads sooner to plateauing or possible regress caused by overwork or injury. One of the causes of plateauing is repeating an exercise numerous times with maximal speed, which results in “learning” to move with that speed so eventually the athlete cannot exceed it even though his or her physical potential may increase thanks to other exercises. The more intense the stimuli, the quicker the learning—that’s the principle. This is one of the reasons it is preferable to derive as much benefit as possible from less intensive exercises and use the most intensive ones for the final touch.

Many years’ experience developing explosive strength for jumps through squats and half squats with a barbell shows that the greatest effects were obtained when the athlete did them very fast in sets of 5 or 6 repetitions. To ensure sufficient speed of movements, these sets were done within strictly determined time limits. It also turns out that such a program of exercises positively influences strength-endurance and sport-specific endurance (Starzynski and Sozanski 1999).

At the same time an athlete performs standard resistance exercises with time limits, he or she can do plyometrics. The amount and intensity of plyometrics should be gradually increased at the expense of other resistance exercises as the competitive season approaches.

In selecting plyometrics, the trainer needs to be guided by the knowledge that jumps are done differently in different sports. Track-and-field’s high jump, long jump, and triple jump use heel-to-toe push-offs while ball games or martial arts do not. This is because fighters and ball players often jump in reaction to unexpected situations, not after a prerun of many steps like track-and-field jumpers.

In selecting plyometric exercises, two criteria should be used: their similarity to movements in the sport and their difficulty. Exercises that closely reproduce the form and dynamics of the athlete’s sports action may be difficult and require gradual preparation by simpler or less strenuous plyometrics. For example, before attempting bouncing push-ups with feet supported a foot or more above the floor, the athlete needs to do bouncing push-ups with feet on the floor. Before attempting depth jumps, the athlete needs to prepare him- or herself by starting with simple bounding exercises and gradually progressing to more demanding ones.

Before doing complex plyometric exercises, the athlete may need to prepare with simpler exercises that let him or her perfect the crucial components of the complex exercises one at a time.

Practice has shown that reaching a certain magnitude of maximal strength is necessary for the safe use of high-intensity plyometric exercises in explosive strength training. For the legs, the athlete should have enough strength to do a squat with a barbell weighing at least 150% of his or her body weight (Allerheiligen 1994). Platonov (1997, quoting Gambetta 1987) states that, before undertaking single leg jumps, the athlete should be able to do five squats on one leg, and before starting depth jumps followed by a jump up, he or she has to be able to do squats lifting at least 200% of his or her body weight. Before introducing plyometric exercises for the arms, the athlete should be able to bench-press from 100% to 150% of his or her body weight—athletes who weigh more than 115 kg (253 lb.) ought to lift 100% of their body weight and lighter athletes ought to lift a greater percentage (Allerheiligen 1994).

Plyometrics should be introduced into training gradually, starting with such low-intensity exercises as jumping rope, hops-inplace, and clap push-ups, and then progressing through more intensive bounds, jumps, and medicine ball catches to high-intensity plyometric exercises such as depth jumps, reactive jumps, and swinging suspended heavy weights with the arms.

Depth jumps can be done one at a time or in sets of 3–6 repetitions. They can be done with an intermediate jump up, so an athlete jumps down, takes off and lands on top of a box and immediately jumps off that box to land down and either ends there or takes off again. In a single workout there should be no more than 50 takeoffs. Depth jumps can be done only by advanced athletes, well prepared by other strength exercises (Starzynski and Sozanski 1999).6

Bompa (1996) states that it can take four years for young athletes to gradually arrive at being able to do high-intensity plyometric exercises safely.

Apart from explosive strength, jumping ability depends on the lability of the nervous system (its capacity for rapid change of activity), special endurance for jumping, speed, coordination, flexibility, and body proportions (Starzynski and Sozanski 1999).

To jump best, as high or as far as it is possible, the jumper should concentrate on the speed of the takeoff and not on its force. Concentrating on the speed of the takeoff will consistently make the athlete jump better than concentrating on the force of the takeoff (Sozanski and Witczak 1981).

If the athlete has to jump several times, for example, when blocking in volleyball or under the basket in basketball, he or she needs to develop special endurance for jumping. Endurance for jumping is developed by jumping several times in a row to a ball suspended 5–10 centimeters lower than the athlete’s best result of a jump test for height. The number of repetitions and sets depends on the level of training. After four weeks the ball is raised higher (Wazny 1981e).

Strength-Endurance

Strength-endurance is also called muscular endurance. It is the ability of a single muscle or a muscle group to sustain prolonged exercise. The greater the resistance that the athlete has to overcome, the more his or her strength-endurance depends on maximal strength (Zatsiorsky 1995). Increasing strength in such cases increases strength-endurance. Increasing the number of repetitions and reducing the amount of rest between sets are other ways of increasing strength-endurance in speed-strength sports.

In endurance sports, where the amount of resistance is small, but the duration of work is great, strength exercises are done with small resistance that does not distort the technique. Sets of these exercises may last as long as the competitive action. Another method of developing strength-endurance is circuit training with resistance between 20–40% of the maximum in each exercise. In such a circuit each exercise is done 30 and more times. A whole circuit may consist of 4–10 exercises (Bompa 1993; Matveyev [Matveev] 1981).

Strength-endurance for work against less than 50% of the athlete’s maximal training resistance has no correlation to maximal strength, and for work below 25% of his or her maximal training resistance, it is in inverse proportion to maximal strength (Platonov 1997).

Preparation for Strength Training

For children, as well as for adults, it is necessary to first have any posture defects corrected before starting a strengthening program. If they are not corrected, the posture defects may be aggravated by strength exercises.

Defects of posture are accompanied or caused by certain groups of muscles being too short or tight, which causes their attachments to get too close, and by some other groups of muscles being stretched too much, which allows their attachments to get too far from each other. For muscles that are too short, exercises that start from a fully stretched position and end in a less than full contraction should be done. For muscles that are too long, exercises should start from shortened position and end in full contraction (Kutzner-Kozinska and Wlaznik 1988).

It is particularly difficult to correct posture defects in children who are not working out every day under professional supervision. The corrective exercises are so boring for them that they do not do them on their own. To make sure that the exercises are done, a sport or a game that forces the maintenance of correct posture and that is interesting for a given pupil can be recommended. For example, archery may be used in the case of hyperkyphosis (an abnormal backward curvature of the spine in the thoracic region).

Beginners should use the smallest resistance that still increases strength. With beginners (either young athletes or adults who never did serious strength training), the strength increase does not depend on the amount of resistance as long as that resistance is more than the minimum required for the training effect (Pawluk 1985). For beginners that minimum may start at more than 20% of their personal best (Zatsiorsky 1995). McArdle, Katch, and Katch (1991) recommend resistance that permits completing 12–15 repetitions. In isometric exercises that minimum is 35% of isometric 1RM according to Wathen (1994a).

The strength of a muscle’s contraction depends on nervous activation, energy supplies in the muscle, the cross-section of the muscle, and on its ability to recover after work. All these factors are interdependent, but they do not develop at the same pace in the course of strength training. This is another reason not to jump in and use the maximal loads at any given stage of training. It is safer to use the minimum resistance that gives a desired effect, that is, exercise at the lower end of the training zone.

In strength exercises of the eccentric, explosive, and isometric type, as well as in normal, concentric exercises done with near maximum loads, muscle fibers contract and the connective tissue attached to them is stretched. When the connective tissue of a muscle is too weak to withstand the forces stretching it, it will be damaged. Depending on the amount of stress and also on the strength of the connective tissue in a given muscle, this damage can announce itself as muscle soreness if it is at a microscopic level, or it can amount to a muscle tear. One workout followed by muscle soreness is okay once in a while, provided the intensity of the exercise has not exceeded the adaptability of the athlete’s connective tissue. The minor damage causing the soreness will be repaired and following workouts of the same sort and intensity will not cause renewed soreness, even if up to six weeks separates the workouts (Ebbeling and Clarkson 1989). This adaptation can in part be attributed to increased strength of the connective tissue (Kuipers 1994).

If an athlete’s muscles become sore after a strenuous strength exercise, either a new one or one familiar but done after a few weeks break or with a much greater resistance or number of repetitions than previously, before exercising again he or she should wait a few days until feeling no soreness or pain even when pressing hard into these muscles. Then the athlete should take one more day of rest and on the next day should be able to do the same exercises, in the same way as when it caused soreness, or even with more repetitions, and not get sore again.

After dealing with the initial soreness, the athlete can find out how many days of rest are needed between strength workouts to increase his or her strength. The athlete should simply do the strength exercises at increasing time intervals (every other day, every third day, for example) until he or she finds the time interval that lets him or her do more repetitions or lift more weights with the same perceived effort.

The first step to make the connective tissue stronger, without causing muscle soreness, is to improve its blood supply with strength-endurance exercises. In physical therapy, this is accomplished with light resistance that permits doing one hundred repetitions in one set (Hertling and Kessler 1996). Muscular endurance is increased, among other factors, through improvements in local circulation and typically developed with sets of 20 or more repetitions (Wilmore and Costill 1999). At least two sets of exercises for the muscles that are most likely to be overstressed in the athlete’s sport should be done with a minimum of 30 repetitions per set. Good results are also brought about by doing long single sets of 100 to 200 repetitions. In both cases the weight has to make the last few repetitions “burn.”

“As part of her pre-Olympic regimen, Jamaican long jumper Diane Guthrie has been doing 250 leg curls every day wearing 10-lb. ankle weights. The 20-year-old Guthrie, who trained at George Mason [University in Fairfax, Virginia], notes that when she slacked off on weight training, she hurt some of her leg muscles” (Toufexis 1992).

The famous Soviet weightlifter Vasily Alexeyev (Sklarenko 1980) used to warm up for his workout by throwing a 100-kilogram (220 lb.) barbell over his head one hundred times. Then, after practicing the snatch for two-and-a-half hours, he spent one hour in a swimming pool lifting his legs one at a time, hundreds of times—to strengthen his abdomen—and then leaped nearly one thousand times.

When an athlete is already lifting heavy weights, he or she should do high repetition exercises at the end of the strength workouts, after the regular heavy weight and low repetition exercises. After these high repetition exercises, the athlete may do relaxed stretches for the same muscles. When the athlete is preparing for working with heavy resistance in the future, then the high repetition exercises will constitute the main part of his or her strength workout. The high repetition exercises can be also done at the end of a technical workout.

While planning the goals in strength development, any present shortcomings (strength imbalance, asymmetry, abnormal weakness) have to be considered first, followed by a consideration of the requirements of the technique at a given competitive level.

To discover any shortcomings the strength of all major muscle groups of an athlete should be measured. That means measuring the strength of flexors, extensors, adductors, abductors, and rotators of all the major body parts. To measure the strength of a given muscle group, the coach can simply find the maximal weight that it can lift or otherwise move with minimal assistance from other muscle groups.

Next the measured strength should be compared to the requirements of the sport. According to Sharkey (1986) athletes of endurance sports have enough strength when the typical load that must be moved (typical force of contraction) is less than 40% of the athletes’ maximum strength (maximum muscle contraction). In speed-strength sports, the typical load (typical force of contraction) should be less than 20% of the athlete’s maximum strength, or maximum muscle contraction (Sharkey 1986). For instance, if a bicycle road racer finds out that the typical force of contraction of his or her hamstring muscles when cycling is 18 kgf (40 lb.) then the hamstring strength should be at least 45 kgf (100 lb.). For a sprinter with a typical hamstring contraction of 18 kgf, hamstring strength should be at least 90 kgf (200 lb.).

When beginning strength training in a macrocycle, the athlete should first develop sufficient strength of the muscles that are going to provide a foundation (as stabilizers) for the muscles that are the prime movers in his or her sports discipline. So a sprinter or a kickboxer must strengthen his or her lower back first, because it stabilizes the vertebra to which the “runners muscles” (iliopsoas) attach. (Actually, though, the lower back is stressed in most sports.)

Strength Training for Young Athletes

The bones and the ligaments of children can be overstressed and damaged by resistance that is too great. To find out what maximal resistance is safe for children, Sulmitsev (Krumm 1988) did a study in which the amount of the decrease of arch of the foot was measured during lifting weights. The conclusion of this study was:


	—Eleven- and twelve-year-olds can safely use weights up to 30% of their body weight.

	—Thirteen- and fourteen-year-olds can use weights up to 50% of their body weight.

	—Fifteen- and sixteen-year-olds can use weights up to 100% of their body weight.



Strength exercises with maximal weights and of great intensity should not be done before the process of the growth of long bones is completed, which happens around 17 years of age (Wazny 1981b).

For children up to age 11 resistance permitting 13–15 repetitions is most beneficial. It produces greater gains in both strength and muscular endurance than working out with resistance permitting only 6–8 repetitions (Faigenbaum et al. 1999).

Children should develop strength with jumps, throws, and body weight exercises, and not with heavy external weights (Drabik 1996). This is not contradicting the principle in the section titled “Developing Explosive Strength and Jumping Ability,” because children should do only low-intensity jumps (from age 7, rope skipping; between 13–15, hopping in place and simple bounding according to Bompa [1996]).

Injury Prevention and Strength Training

One of the factors predisposing a person to injury is a weakness of the muscles stabilizing a joint or an imbalance of their strength, and this can be remedied by strength training.

Strength imbalances might lead to shoulder injury, especially if combined with instability of the shoulder. Normal ratios for strength of shoulder muscles are 2:3 for external-to-internal rotation and 2:1 for adduction-to-abduction (McMaster et al. 1991). Having such ratios, however, might not be enough to prevent injuries in the case of shoulder instability (Rupp et al. 1995).

Shoulder instability is associated with weakness of the muscles attached to the shoulder blade—especially the rhomboids, all sections of the trapesius, the serratus anterior, and the pectoralis minor (Wilk et al. 1997).

Baumhauer et al. (1995) showed that an ankle eversion-to-inversion strength ratio of 1 or more predisposed athletes to ankle injuries and ankles with a mean dorsiflexion-to-plantar flexion strength ratio of 0.34 were more likely to be sprained than those with a higher ratio.

A study done by L. N. Burkett (1970) shows that a great difference of strength between opposing muscle groups of the thigh, as well as a strength imbalance of 10% between these same muscle groups (on both thighs), are the main causes of injuries. Also, a 3-cm (1.18 in.) difference in the circumferences of an athlete’s thighs indicates the necessity to exercise the weaker leg (Zatsiorsky 1995).

Orchard et al. (1997) found that an athlete is likely to get injured if there is more than 8% difference between the strength of the hamstrings and if the hamstring has less than 61% of the strength of the quadriceps. Tyler et al. (2001) showed that a thigh adductor strength of less than 80% of the same thigh's abductor strength makes hockey players seventeen times more likely to strain the adductor. D. M. Rudy (1987), however, on the basis of his research concluded that differences of elasticity, isotonic strength, and isometric strength between muscles of the dominant and nondominant leg do not correlate with injuries. The lower muscular endurance of the nondominant leg, however, is correlated with injuries. To sum it up: Improving the strength and endurance of weaker muscles is the best method for injury prevention.

General Strength Training

General strength exercises lay the foundation for directed and sport-specific exercises by strengthening all major groups of muscles around each joint in a balanced way. General strength exercises thus prevent injuries.

General strength exercises developing dynamic and static strength and strength-endurance in all muscle groups have the task of accumulating morphological changes that result in greater structural strength of all muscles, tendons, ligaments, and bones, as well as providing a foundation for sport-specific strength training. These exercises have to prevent and correct the strength imbalances between muscle groups that can result from sport-specific strength training, and provide structural strength for those elements of the body that are going to be stressed by sport-specific exercises so that they do not get damaged by the most intensive sport-specific and competitive exercises. General strength exercises can involve all muscle groups at once or can be local.

In different sports different strength exercises are considered to be general strength exercises. Here are two examples of general strength exercises, the first from long-distance running and the second from discus throwing.

Long-distance runners lift weights at the beginning of their training cycle. By doing various exercises with weights, runners strengthen all muscles, among them those that affect the efficiency of movement but are not the most stressed in running—for example, the muscles of the upper body. These exercises are done in long sets at a slow pace, and without breaks between sets of different exercises so the athlete works continuously. The resistance in these exercises is set to permit initially about 30 repetitions. As an athlete progresses that resistance remains unchanged but the number of repetitions increases. The slow pace permits performing the work aerobically, because this is what long-distance running requires (Wazny 1981b).

Compare the above general strength exercises for long-distance runners with general strength exercises for discus throwers. Rachmanliev and Harness (1990) give this example for Bulgarian female throwers: full squat, half squat, bench press, clean, and snatch, with resistance ranging from 40–100% of the athlete’s maximum and with rest breaks up to a few minutes between sets. Metric tons lifted per workout goes from 18 to 3 (20 to 3.3 avdp. tons), and the number of workouts with weight lifting going from 4 to 2 per week. (The closer to the main competition, the less tonnage lifted and the fewer weight lifting workouts.) These figures do not include other general and directed strength exercises for throwers, such as jumps with weights and throws of various implements other than a discus.

The coach can designate a time of year as a preparatory phase that can last from three months for beginners to one month for advanced athletes (Bompa 1996). This is the time when athletes do a high number of repetitions with relatively light resistance to prepare structures of the muscles for more intensive work to follow. The duration of this phase can be determined by trial and error—when heavier resistance or more intense exercises do not make muscles sore, then this phase can end. After initial use as an introduction for new strength exercises, the athlete can do the really long sets of 100 or more repetitions with low resistance if he or she feels excessive muscle soreness during a period of doing heavy weights. Though it sounds paradoxical, long sets are also good for relieving muscle spasms of muscles overworked with heavy loads.

An athlete can also combine general conditioning (strength or endurance, for example) with sport-specific conditioning through the whole year. This can be done either within the same workout or within consecutive workouts (Tidow 1990). The further the athlete is from a contest, the greater can be the proportion of general conditioning. By paying attention to his or her body, the athlete can decide which exercises to do and which to drop.

Directed Strength Training

Directed strength training develops strength in movements similar but not identical to those of the athlete’s sports discipline and so makes the transition from general strength training to sport-specific strength training and prepares the athlete for sport-specific strength training.

Directed strength exercises have a character (intensity and speed) of neuromuscular activity similar to that in the techniques while the external structure (form of the movements) can be different than in actual techniques (Starzynski and Sozanski 1999). Examples of directed strength exercises for track-and-field throwers are throws of various implements other than the competition implement. For jumpers examples would be jumps other than the competitive jump.

Sport-Specific Strength Training

Sport-specific strength training has to develop the exact kind of strength of the muscle groups that determines technical proficiency in a given sport. Sport-specific strength exercises reproduce the dynamic characteristics of the sports technique and, to various degrees, the spatial characteristics of it, but preferably with greater resistance. This can be done by changing an athlete’s initial position for performing the technique.

Athletes of different sports cannot develop sport-specific strength using the same strength exercises regardless of their sport. Strength training for each sport is different. The repertoire of exercises, the type and amount of resistance, the number of repetitions and sets, the frequency of workouts in a week—all differ depending on the objectives of the training. The strength training of weightlifters has different objectives than that of wrestlers, track-and-field jumpers, kickboxers, or long-distance runners.

Jumpers do their sport-specific strength exercises differently than weightlifters, and wrestlers do theirs differently yet. If athletes of different sports did the same strength training with the same exercises, the same percentages of their 1RM (repetition maximum), and so on, they would all develop the same type of strength. If wrestlers were using a weightlifters’ program, they would end up with insufficient muscle endurance of short and medium duration (up to 5 minutes). If high jumpers were using it, they would lack takeoff power (even though weightlifters can jump very high, especially off both legs) and lose some flexibility of the lower back. Long-distance runners don’t even use weights in developing sportspecific strength, just run up and down hills of 10–15% grade (Galloway 1984).

Sports skills are not practiced independently of strength training. Sport-specific strength training includes skill practice because sport-specific strength exercises are skill exercises. For example, judo wrestlers must learn the skill of applying force both explosively and continuously, meaning that although the pull during a throw must be explosive, it cannot be jerky and its force must increase until the end of the throw. All this takes a split second and requires a specialized form of strength that is different from that of jumpers or boxers. These various types of strength are developed by sport-specific strength exercises that are also skill drills.

Apart from the type of strength that strength exercises develop, the athlete needs to be concerned also with form and timing of movement. What matters is where (at which angle in the range of movement) and when (at which instant) he or she gets stronger. The common misconception about strength training is believing that athletes exercise muscles and not movements. The human mind directs movements. Only after a movement is “ordered” do the brain and the higher levels of the spinal cord specify, without conscious control, which muscles will do what and when. From the first misconception flows the next—that it does not matter what exercises are used as long as the same muscles are overloaded. The following statement exemplifies this misconception: “You won’t develop one way with machines and another with barbells, assuming that your levels of intensity are similar with both modalities. And since your muscles don’t have a brain, eyeballs, or cognitive ability, they can’t possibly ‘know’ the source of the workload.” (Brzycki 1994).

Well, it just isn’t so. Exercises of any kind affect the whole body, muscles as well as the nervous system. Muscles do have eyes and a brain—the athlete’s eyes and the athlete’s brain. The only muscles that do not have them are those separated from the body and experimented on in a laboratory.

The statement “You won’t develop one way with machines and another with barbells. . . .” is valid for increasing muscle mass and raw—not sport-specific—strength but not for sport-specific strength training. To find out if the form of movement and form of resistance matter, it is enough to look at Olympic weightlifters’ workouts and see if they use any machines. If it did not matter whether Olympic weightlifters used machines or free weights, they would develop technique with broomsticks and strength with machines, which are easier and safer to work with.

Another example showing that both the form of movement and the form of resistance matter, this one from swimming: Intercollegiate swimmers who did dry-land resistance exercises intended to simulate the actions of arms during the front crawl (dips, chin-ups, lat [latissimus dorsi] pull-downs, elbow extensions, and bent arm flys) with free weights and weight lifting machines increased their strength in these dry-land exercises by 25–35% but this gain did not transfer at all to swim power as measured on the biokinetic bench and during a tethered swim, or to 25- and 400-yards swimming performance (Tanaka et al. 1993). No wonder there was no transfer—the advanced swimmers used general strength exercises! (See “The Principle of Providing a General and Versatile Foundation for Future Specialization” in chapter 2.) Resistance in these exercises was too different from the resistance of water, and the form of movements, while stressing the muscles involved in the crawl, was not similar enough to swimming. Resistance exercises on isokinetic apparatus simulating strokes do transfer directly to swimming performance (Platonov and Fesenko 1990).

Strength exercises should be similar to the activity they are intended to benefit. There is a place in swimmers’ training for all kinds of resistance exercises, including free weights, but each type of exercise should be used where it gives advantage. And so, dynamic weight lifting exercises and even plyometrics develop explosive strength needed for starts and turns, isometric exercises develop strength in weak ranges of movement, isokinetic exercises simulating swimming strokes transfer directly to swimming performance. Records of workouts of the world’s best swimmers show that sprinters do more weight lifting for maximal strength and explosive strength than middle-distance swimmers, who do more exercises for strength-endurance (Platonov and Fesenko 1990).

Another misconception is that “skill training and conditioning are specific to a sport, but strength training is general . . .” (Brzycki 1994). There is too much research that contradicts this to list all of it here. Here is one example of a sport-specific strength exercise: Six weeks of practicing volleyball spikes with a 1-lb. weighted glove increased the velocity of the players’ spike. Strength of their triceps and the shoulder muscles, as tested on the isokinetic machine, however, did not show any relationship to their improved velocity. (Some players did increase strength in the shoulder and elbow extensors, but these improvements were not consistent for all players and probably do not explain the increases in spike velocity.) The researchers speculate that improved velocity was the result of some change in technique caused by wearing weighted gloves or some change in the nervous system rather than in the muscles (Carlson et al. 1998).

Another example: Jumps preceded by a short step or a jump (landing and immediately jumping again) increase the height of a jump from standing in place much more than the other way around. This is because jumps “from a landing” require and perfect reactive strength and starting strength—the nervous system’s abilities to mobilize the athlete’s strength very quickly (Wazny 1981e).

To sum it up: Sport-specific strength exercises must take into account the form and timing of movement because of the nervous system’s role in strength improvement.

Form of Movement

Sport-specific strength exercises should be as similar to the sports technique as possible. The practice of volleyball spikes with a weighted glove is a good example. At the very least athletes should do exercises in the same movement pattern as their technique. For example, in hip flexor exercises for sprinters, the left leg should move beyond the bench (which should be vertical for the best transfer of training effect) to put it through the same range of motion (ROM) as when sprinting, and as the athlete pulls the left leg forward against resistance simultaneously he or she should press the right leg to the back and extend the left arm to the back while moving the bent right arm forward and across the chest. This synchronization of limb movements is the same pattern as that used in running and in other cross-crawl-like movements, such as boxing’s straight right, and kickboxing’s front kick. Thanks to spinal cord reflexes (flexor reflex afferent pathways), these additional movements of the arms and the other leg increase the tension of the muscles lifting the left leg. This is similar to “quadruple neuromuscular facilitation”—the effect of flexing and extending the right and left arms or legs in alternating fashion and so increasing muscle tension over the values reached in single movements (McArdle, Katch, and Katch 1991).

Right Resistance

The amount of resistance in sport-specific exercises has to ensure duplication of intermuscular and intramuscular coordination. If resistance is too great, the movement may resemble the external form of the technique, but it will require different coordination than the one that is best in the technique. For example, the intermuscular and intramuscular coordination in throwing a 1.5 kg (3.3 lb.) ball using the technique of a javelin throw without a prerun is the same as in throwing a 0.8 kg (1.75 lb.) javelin. In throwing a 4 kg (8.8 lb.) ball in the same fashion, the external form resembles the javelin throw, but the muscular coordination registered by an EMG (Electromyograph) is different. The throw with a 1.5 kg ball can be used as a sport-specific strength exercise, but the throw of a heavier ball—up to 4 kg depending on athletic level—may be used only as a directed strength exercise by javelin throwers below the stage of maximal realization of their potential (Wazny 1992b). In high jumping, vests with weights amounting to no more than 5% of the body weight are used in training forms of competitive exercises (Matveyev [Matveev] 1981). If the time, rhythm, or spatial form of a technique changes with a given amount of resistance, then the resistance is too great.

Sometimes an athlete has to use greater resistance than what he or she is currently able to overcome using full technique. This can be done by starting the movement from an easier position or performing only a part of the technique—for example, in weightlifting, jerking the barbell up from a rack.

Strength Exercises in a Workout

Strength exercises are most effective if they are done at the beginning of the main part of the workout. If strength exercises are done at the end of the main part of workout when the athlete is fatigued from previous work, the excitation of the central nervous system is lowered, forming conditioned reflexes is less effective, and strength builds up more slowly than when he or she is not fatigued (Kukushkin 1983).

Since strength exercises cause fatigue, it is not always possible to place them at the beginning of the main part. In workouts that have to include work on speed, technique, or tactics, the coach has to move strength exercises to the end of the main part. Actually, strength exercises were found to be more effective after speed exercises (Bompa 1994).

Generally, after the warm-up all the exercises are arranged in the order of descending intensity of effort. Strength exercises should not be grouped primarily by the body part or the structure (form) of exercise, but by their intensity, i.e., dynamics. The more dynamic or more intensive exercises are to be done first (Brunner and Tabachnik 1990; Naglak 1979; Ulatowski 1979).

Exercises that have a local effect on isolated muscle groups, as well as slow strength-endurance exercises and static (isometric) strength exercises should be done at the end of the workout (Brunner and Tabachnik 1990; Ulatowski 1979; Vorobiev 1988).

With few exceptions, all dynamic exercises should precede the isometrics during a workout. Usually the isometrics are done after all the dynamic exercises because of their adverse effect on coordination and because they generate less power (even though they can generate extremely high forces) and require less control than the dynamic exercises. One example of an exception: the occasional inclusion of isometric tension before speed-strength actions, which sometimes acts as a stimulating factor (Siff and Verkhoshansky 1999).

Combining strength exercises and endurance exercises in one workout reduces strength gain without affecting gains in aerobic fitness measured by VO2max as compared to doing strength and endurance exercises in separate workouts (Hickson 1980; Sale et al. 1990). Adding a relatively brief aerobic endurance exercise (a 3.2 k [2-mile] run) at the end of a strength workout lowers strength gains by 10% compared to doing strength exercises only (Hortobagyi et al. 1991).

Strength Exercises in a Microcycle

In the microcycle, strength exercises are done on different days of the cycle depending on the sports discipline. For instance, in speed-strength sports a strength workout is done on the first day of the cycle, right after the day of rest. In sports or at times when techniques are the main concern, the strength workout is done after the technical workout. Usually, recovery after an intensive strength workout involving large muscle groups takes at least 48 hours (Zatsiorsky 1995).

The frequency of strength workouts in a week depends on a number of factors, mostly on the athlete’s shape, stage of training, and the period of a macrocycle. Workout sessions three times a week are most effective for beginners (Braith et al. 1989). Top-class athletes of speed-strength sports may do more strength workouts—for example, discus throwers or shot-putters may do more than four per week. These recommendations concern strength exercises for major groups of muscles. These groups of muscles restore their work capacity relatively slowly. Small groups of muscles restore this capacity more quickly, therefore, localized strength exercises can be done more frequently (Zatsiorsky 1995).

Bompa (1993) recommends that whole-body maximal strength workouts be done at most 3 times per week, and in the competitive period 1 or 2 times because of the heavy demand maximal strength exercises place on both the muscles and on the nervous system. In a week an athlete should do no more than three muscle hypertrophy workouts because exhausting resistance workouts for increasing muscle mass fatigue the nervous system, use up muscle glycogen (mainly) and some liver glycogen, and they also stress the liver and kidneys because of increased protein metabolism (Hakkinen 1994; McArdle, Katch, and Katch 1996). Even if the athlete would do the hypertrophy training in a “split routine” (strength training every day but a different group of muscles—for example, day one, arms; day two, legs; day three, back) to give every muscle group more than 48 hours of rest, the nervous system and the internal organs would be stressed every day. If other workouts were done on the same days as the exhaustive hypertrophy work, then the time between the workouts could be too short for fully replenishing the stores of glycogen in the working muscles and in the liver, and the deficits could accumulate.

Of course, athletes work out every day, working on technique and speed in addition to strength training. This is possible because the strength workouts are not done every day, not all strength work is done until failure, and speed workouts and technique workouts do not use up as much muscle glycogen as hypertrophy work. Speed and technique work are never done until failure—unlike the strength training for muscle hypertrophy. Also, during the period of training when increase in muscle mass is the main goal, the other work has lower priority and is done in smaller volume than at other times.

Split routines are used by athletes who do little else but lift weights—weightlifters and bodybuilders. According to Bompa (1993) if an athlete does only strength training, the complete restoration of muscle glycogen takes approximately 24 hours so it is possible for such athletes to lift weights every day.

Strength Exercises in a Macrocycle

In the general preparation period, the task of strength training is to regain and surpass the level of general strength from the past season (macrocycle). In the sport-specific preparation period, the task is to increase the level of sport-specific strength. In the competition period, the task is to maintain the level of strength achieved in the sport-specific preparation period.

If the whole preparation period is long and the competition period is short, the level of strength will not be greatly lowered in this competition period. But if the competition period lasts a couple of months, the lack of strength exercises in that time can lead to a great loss of strength and a consequent worsening of sports results. To prevent this, strength exercises should be done, although in smaller quantity, in the competition period. Also in the transition period, some strength exercises need to be done to prevent too great a loss of strength.

The speed at which strength is lost as a result of ceasing strength training depends on the length of time it took to build this strength. Strength built quickly is lost quickly (Zatsiorsky 1995). Hortobagyi et al. (1993b) have shown that two weeks of not training has not lowered jumping ability, concentric strength, or isometric strength significantly for athletes with several years of strength training. (Eccentric strength and the size of the fast-twitch muscle fibers had significantly decreased, however.)

According to Wilmore and Costill (1999), after ceasing strength training athletes can retain general strength for up to six weeks. Sport-specific strength or power does decrease significantly with four weeks of rest or reduced workout frequency (Wilmore and Costill 1999). By doing a strength workout once every 10–14 days athletes can retain their general strength for periods much longer than six weeks (Wilmore and Costill 1999) as long as the intensity and the volume of exercises in a workout are maintained (Tucci et al. 1992). Soccer players during the competition period maintain their strength doing plyometric exercises once every two weeks (Fajter 1992).

One month of no general strength exercises with heavy resistance causes only minimal loss of muscle size and general strength. After the first month of detraining, loss of strength occurs at a greater rate than the loss of muscle size (Dudley and Harris 1994). This means that an athlete can safely stop general strength training with heavy resistance for one month before competitions. It also means that with every subsequent macrocycle or year of training, the athlete can dedicate less time to strengthening the structure of the muscles and connective tissue. Eventually experienced athletes can dedicate only 2 or 3 weeks during the general preparation period to general, structural strength exercises. Later during the macrocycle they can alternate or combine general and sport-specific strength training in the same or in subsequent workouts (Tidow 1990).

According to Bompa (1993, 1999), beginners should dedicate 8–12 weeks to low-intensity general strength training exercises for structural strengthening of their muscles, tendons, ligaments, and joints. These exercises are performed comfortably, without striving, at a slow or moderate pace, with resistance of 30–40% of 1RM but only 8–12 repetitions per set, in 2 or 3 sets, with 2 or 3 minute rest breaks between sets, 2 or 3 workouts per week. For experienced athletes 4–6 weeks of such structural strengthening suffices, but they may use greater resistance—up to 60% of 1RM, with 1- to 1.5-minute rest breaks between sets—and work out more frequently: up to 4 workouts per week (Bompa 1993, 1999).

Beginners should initially refrain from lifting heavy weights because these weights will develop the strength of their muscles’ contraction faster than the strength of the connective tissues around and within the muscles, tendons, and ligaments. So, if an athlete lifts heavy loads without preparing the connective tissues for it first, he or she can get sore and injure the muscles, tendons, and ligaments.

After eight to ten weeks of such structural preparation, a beginning athlete may start to build up muscle mass together with maximal strength, or concentrate only on developing maximal strength. It is worth knowing that high-intensity endurance training conflicts with building muscle mass because, in the words of W. J. Kraemer (1994a), “ . . . oxidative stress may actually promote a decrease in muscle fiber size in order to optimize oxygen transport kinetics into the cell.”

Sports performance is not best during months when an athlete works out most strenuously because of the accumulating fatigue and because he or she adapts to training with a delay. The last weeks before competitions are when the athlete needs to decrease strength training (number of workouts per week, exercises per workout, and sets per exercise).

The sharper was the increase of the strength training in the preceding weeks, the longer it will take for the athlete to fully recover and to see his or her performance improve. If the training was very hard, and the load (amount of resistance, number of reps) sharply increased, he or she may need 6–7 weeks of easier training for his or her top shape to surface. If the training load was increased very gradually, then it may take only two weeks of such reduced training for the athlete to be in top shape for a contest. On the average it will take four weeks after the athlete decreases strength training for improvements in his or her performance to show (Zatsiorsky 1995).

In a macrocycle, jumping exercises must be preceded by exercises strengthening the connective tissue of muscles (most in the general preparation period), strength exercises with great loads and speed exercises (most in the sport-specific preparation period), and explosive strength and plyometric exercises (most in the sport-specific preparation period and the first half of the competition period). To maintain a high level of jumping ability in the competition period, at least one workout per microcycle has to include jumps (Wazny 1981e).

Depending on the intensity, plyometric strength exercises should be discontinued one to two weeks before a major competition. The more intensive the exercises, the longer the period of refraining from them. Depth jumps should not be done less than ten days before competition (Siff and Verkhoshansky 1999).

Response to strength training depends to a large extent on an athlete’s fast-twitch to slow-twitch muscle fibers ratio (methods of estimating the proportion of fast-twitch fibers are described in chapter 18). Busko (1989) conducted research on athletes with high, moderate, and low fast-twitch to slow-twitch ratios. Within the first two weeks of training all groups of athletes made very little progress and the athletes with a moderate fast-twitch to slow-twitch ratio even had their power decline. During the next two weeks of training all groups increased their power, with the high fast-twitch ratio group having the greatest increase of average power out of the three groups. After two weeks of rest the results were similar for all groups because the high fast-twitch group lost a significant amount of power (but still had more than before training) while the power of athletes with moderate and low percentage of fast-twitch fibers had increased.

From developing strength, the next physical ability to consider is speed.





7. Speed

Speed as a movement ability has one dimension: time. An athlete’s speed can be expressed as reaction time (time from a signal to the beginning of movement), time of a single movement, or as time of performing a number of movements. There is no relation among these three expressions of speed. Someone can have poor reaction time but high speed of a single movement, or higher speed of single movement than someone else who has high frequency of movements (Prusik 1999; Sozanski and Witczak 1981).

The speed of a muscle’s contraction depends on the amount of resistance and on the length of the muscle. People with long muscle bellies have greater muscle contraction speed potential than people with short and thick muscle bellies.

Maximal frequency of movements depends on the efficiency of the central nervous system in regulating the speed of stimulating and inhibiting muscle groups performing the movements (Sozanski 1992a). For example, a track-and-field sprinter’s stride frequency potential is much higher than the frequency ever used in running. Sprinters on a bicycle can move their legs at double their sprinting stride frequency (deVries 1980). Stride frequency when sprinting downhill is greater than when sprinting on the level track (Wilmore 1976).

The maximum speed that a person can show depends on his or her reaction time, maximal strength (for fast movements against considerable resistance), speed-strength, speed-endurance, flexibility, coordination, technique, and (mainly in endurance sports) on endurance (Farfel 1960; Harre and Hauptmann 1991). Good coordination permits optimal relaxing of the muscles involved in a given phase of movement. Inappropriate muscle tension slows down movements, so practicing the ability to relax is necessary in speed training (Harre and Hauptmann 1991).

The best age for displaying maximal speed is 25 to 26 years. With rational training maximal speed capability can be prolonged past age 30. In such cases, the frequency of performing speed exercises has to be increased at the expense of other exercises (Ulatowski 1979).

Speed is movement specific. The same individual may be fast in some movements and slow in others. There is no correlation between speed of leg movements and arm movements and very little correlation in movements that require different coordination (deVries 1980). In well-trained athletes a transfer of speed training occurs only in movements that have a similar structure. People in poor shape and beginners experience a transfer of speed in all exercises (Naglak 1979; Sozanski 1981d).

Ozolin (1971) distinguishes general speed and sport-specific speed. General speed is the ability to perform most movements fairly quickly. Sport-specific speed is the ability to perform a given sports technique at a very high speed and it does not transfer to dissimilar techniques.

Various sports need various types or forms of speed. Sports can be divided into five groups, depending on the most typical form of speed that is required in a given sport.


	Sports demanding maximal manifestations of all three components of speed in nonstandard situations (individual contact sports, team games)

	Sports demanding maximal manifestations of all three components of speed in standard situations (sprints)

	Sports demanding maximal manifestations of the speed of movement against external resistance in standard situations (weightlifting, track-and-field throws and jumps)

	Sports demanding maximal manifestations of speed and frequency of movements with difficult coordination in standard situations (gymnastics, diving, figure skating)

	Sports demanding maintenance of a high frequency of movement over a long period of time (long-distance running), in which speed is based mainly on endurance







Speed Training

Speed training is sport- and exercise-specific. As an athlete progresses in his or her athletic career, he or she has to use exercises more and more similar to techniques of the sport. The growing specialization of an athlete lessens the possibility of improving speed in sport-specific skills with general exercises (Sozanski and Witczak 1981).

There are three elements of speed training: perfecting reaction, speed training proper, and auxiliary training consisting of strength exercises, power or jumping exercises, coordination exercises, and flexibility exercises (Sozanski and Witczak 1981). The exercises of auxiliary training, such as strength or flexibility exercises, have to build a foundation for developing speed and not develop maximal possible strength or maximal flexibility. Due to time constraints, only as much strength is developed as is needed for improving speed. Too much strength training will limit the time and energy available for speed training and may unnecessarily increase an athlete’s mass. While rational flexibility training brings results very fast and at little cost of energy, excessive range of motion can interfere with effective technique (Kurz 1994).

In situations when the athlete has to overcome considerable resistance, his or her speed depends mainly on strength; when precision in complicated techniques is important, then the athlete’s speed will depend mainly on his or her coordination, agility, reaction time, and technical skills. There is no statistically significant difference in the time of movement regardless of whether muscles are at normal tension, relaxed, or greater than normal tension during the initial phase of the movement. But in the case of previously stretched muscles, the last 30% of the movement is faster than if starting from normal tension or relaxation (Sozanski and Witczak 1981). This comes into play in throwing objects when the principal movement is preceded by swinging back the arm to stretch its muscles.

Repetitive training is the main means of developing speed. Speed exercises require maximum power and last maximally up to 8 seconds (Harre and Hauptmann 1991). The duration of rest breaks is determined by changes in the excitability of the central nervous system and the restoration of vegetative functions (the elimination of the oxygen debt) so breathing is normal again. The excitation of the central nervous system is heightened immediately after the speed exercise and then gradually lowers. The rest breaks should be such that the next repetition of the exercise coincides with the heightened excitation of the central nervous system and thus help achieve the assigned high speed (Harre and Hauptmann 1991). Speed exercises result in oxygen debt, however. To eliminate it, sometimes as much as ten minutes of rest is needed. The complete restoration of all the physiological indicators (for example, carbonic acid content in the blood, lung ventilation) may take even more time. The rest break long enough for complete recovery allows the excitation to lower so much that repeating the exercise at the assigned submaximal or maximal speed is impossible. Therefore, the athlete must repeat speed exercises with rest breaks shorter than the time of complete restoration of vegetative functions, which leads eventually to fatigue and a quick drop in speed (Starzynski and Sozanski 1999).

Rest breaks must be short enough so as not to let the excitation of the central nervous system drop too much, yet long enough for the vegetative system to recover enough to repeat the exercise with the assigned speed. It is possible to find such an optimal rest period because recovery of work capacity is not uniform. In the first third of the rest period required for full recovery, about 65% of the whole recovery of work capacity takes place. In the second third, 30%, and in the third part only 5%. If full recovery after a 200-meter run, for example, takes 12 minutes, 8 minutes is enough to restore work capacity to about 95%. This lets the next attempt be made with almost no drop in speed. After several repetitions, however, fatigue accumulates and speed drops considerably so the exercise has to be stopped (Chmura 1992; Sozanski 1981d).

The performance of speed exercises, and particularly those that test reaction time, depends on the athlete’s sex (females have a longer reaction time), body height (taller persons have a longer reaction time), position of the body, and body temperature. When the body temperature is high, the perception of time slows down and reaction time gets shorter. When the weight of the body is equally distributed between both feet and the position is comfortable, the reaction time gets shorter (Sozanski and Witczak 1981). Being set “on signal,” rather than thinking about the technique, speeds up reaction (deVries 1980). Being set on signal means, for example, a sprinter will not be thinking at all about what he will do when he starts, but his attention is focused exclusively on the start signal itself. No thought at all is being given to the mechanics of the start.

Reaction time, precision, and speed of movements are affected by emotional states. An athlete can produce maximal speed only while being in a state of emotional comfort often called the emotional comfort zone or simply the zone (Sozanski and Witczak 1981). A relaxed and “quietly happy” attitude is conducive to outstanding performances. In individual contact sports, or in situations that resemble them, a calm and detached (but not passive!) attitude lets an athlete perceive the flaws of the opponent and realize his or her own superiority (thus boosting his or her confidence). The athlete can then pick a target (the athlete will look at the target, as if to get to know it), get curious as to how it will be altered by his or her action, and then, once having decided that he or she would really like to see it done, the athlete will do it. Time will slow down, the opponent will move very slowly. The athlete will sense the details of his or her movement and impact, happening in slow motion. The whole sequence, from “getting to know the opponent,” to the completion of the attack, may fit within a couple of seconds. If the athlete decides that he or she is satisfied with the result, time will return to normal. In optimal mental and physical states, more details of the actions of the opponent and of the athlete are perceived (it seems that time has slowed down) than in less favorable circumstances.

Properties of Speed Exercises

Speed exercises must meet three main conditions (Starzynski and Sozanski 1999):


	The technique of the exercise, in its perfect form, must allow for maximal speed of movements.

	The exercise (technique) must be sufficiently mastered so the athlete does not have to pay attention to the form of movement. The athlete’s effort and willpower should be directed at achieving maximum speed only.

	The duration of the exercise must be such that the speed does not drop at the end due to fatigue.



In practice these three basic conditions are met by observing the following rules:


	Speed should be developed first in simple, then in complex movements (Harre and Hauptmann 1991).

	Exercises to develop speed should be initially done slowly and then quickly (Harre and Hauptmann 1991).

	The majority of speed exercises should be done at less than maximal speed to allow the athlete to stay relaxed and in full control of the movements (Wazny 1967), which may not be true while exercising at the maximal speed when muscles can tense excessively and the athlete may develop “blank spots” in the technique.

	The number of repetitions of an exercise should be such that an athlete can still do the last repetition in a set at the assigned speed (Starzynski and Sozanski 1999).

	Rest breaks are to be filled with relaxed, loose movements of the muscle groups stressed in the speed exercise, for example, jogging, loose leg and arm swings, walking (Sozanski 1992b).

	The best time in a workout for speed exercises is the beginning of the main part (right after the warm-up), so the athlete is not tired (Sozanski 1981d).



Methods of Developing Speed

There are two main methods of developing and improving speed:


	the integral (synthetic) development of speed in a particular movement—for example, using feedback devices in boxing and in track and field; and

	the selective (analytic) improvement of the factors determining maximum speed of movements—for example, reducing reaction time, increasing frequency of movements, improving speed of single movements, increasing flexibility, perfecting technique, or improving strength.



Usually these two methods are used together and other methods typically used in speed training are based on them. Here are these other methods (Matveyev [Matveev] 1981):

The competitive method uses frequent starts in competitions to improve speed and its virtue is based on two facts:


	that the duration of exercises during competition is brief so it does not lead to a lowering of speed because of fatigue; and

	that it is easier to mobilize for displaying maximal speed in competition than it is in a workout.



The game method uses various ball games and other games to improve speed in conditions of greater emotional mobilization than in strictly regulated exercises. Because the conditions of the game are constantly changing, the “speed barrier” is not easily formed.

The strictly regulated exercise method consists of repeating exercises following either the analytic or the synthetic method of developing speed. In the exercises that follow either one of these two methods, the speed of movement can be improved by reducing the external resistance—for example, reducing air resistance by special shields in cycling, or helping the athlete by pulling (in swimming and running), suspending the runner’s body above the treadmill, swimming with the current, and running or cycling down the slope.

Speed of a movement can be increased by preceding it with a movement of the same form but against greater or lighter resistance. Preceding an exercise with a similar exercise performed with extra resistance may temporarily increase the speed in the standard exercise (without extra resistance). The increased excitation of the nervous centers, caused by movement with extra resistance, is still present when the movement is done without extra resistance (Sozanski and Witczak 1981). This effect depends on the amount of difference between the standard resistance and the reduced or increased resistance (not too much and not too little), number of repetitions, and the order of alternating heavy and light repetitions.

For example, shot-putters use lighter, standard (conventional), and heavier shots. The most effective amount of difference between lighter and standard shot and between the standard and heavier shot depends on the athlete’s level of experience. The higher the athletic level, the smaller the difference. For top-ranked female shot-putters the difference between standard and either lighter or heavier shot is 250 grams (0.5 lb.); for lower-ranked athletes it is 500 grams (1 lb.) but only alternating lighter and standard shots is effective; for athletes of limited experience and beginners the difference between a lighter and a standard shot is 1 kg (2.2 lb.). The lowest-ranked athletes do not seem to benefit from alternating the weights of the shot. For them preceding a shot put of the standard shot by a shot put with a shot lighter by 1 kg produces the same values of acceleration, velocity, force, and power as using only the standard shot, and any other variation produces lower values (Vasiliev 1985).

The greatest velocities of standard shot were achieved when two shot puts with heavier shot were followed by one with a standard shot (Vasiliev 1985).

For hammer throws, A. P. Bondarchuk (1986) advises to follow one throw of a heavy hammer with three throws of a standard hammer, and when exercising with light and standard hammers to follow each throw of a standard hammer with a throw of a light hammer.

Athletes of other sports can by trial and error find out when their movement feels faster—punching after how many “punches” against resistance of a pulley or bungee cord, throwing a partner in his or her weight-class after how many fit-ins or throws of a lighter or a heavier partner.

Doing conventional and both heavy and light forms of the exercise within the same workout in sequences heavy/conventional/ light, may be more effective than using other sequences whether it is shot-putting shots of different weights or sprinting on uphill, level, and downhill tracks (Sozanski, Witczak, and Starzynski 1999).

Speed of movement of a given body part can also be increased by performing an exercise for another body part before working on this movement (Sozanski and Witczak 1981).

Adding extra movements to the technique may increase the speed of its main phases. For example, adding an extra turn in the hammer throw may speed up the final turn, or requiring a gymnast to touch an object suspended above the apparatus may improve the speed of push-off.

Reducing the distance of exercises is used in cyclic sports to improve the speed of movements. In acyclic sports (team games, individual contact sports) reducing either time or space, or both these parameters of the exercise, improves the speed of movements and the reaction time.

In cyclic sports, light and sound pacers are used to improve the frequency of movements. For example, light bulbs installed alongside a track or in a swimming pool are turned on in sequence and at set time intervals.

Special electronic devices registering the speed of movements and converting the data into sound signals are used to inform the athlete (runner, shot-putter) about the speed of his or her movements, and thereby to mobilize him or her for greater effort in both cyclic and acyclic sports.

The Speed Barrier and Methods of Overcoming It

Numerous repetitions of the same speed exercises form a dynamic stereotype in the central nervous system. The stereotype includes space, time, and frequency characteristics of the movement. This means that the athlete learns to move at a certain speed, and not any faster even though his or her other abilities (such as strength, flexibility, or even reaction time) improve, and that the speed barrier is formed.

Here lies the contradiction of developing speed. On the one hand, to increase speed the movement must be repeated many times, but on the other hand, the more repetitions, the stronger the speed barrier grows. Increasing the amount of work does not help; on the contrary, it consolidates the speed barrier.

There are two methods of overcoming the speed barrier. One is to encourage the athlete to exceed his or her highest speed result, remember this new sensation, and then try to repeat this sensation in following workouts (Sozanski 1992b). For this purpose, the athlete runs down a track inclined up to 3°, runs following a leader, runs with the wind, runs pulled by an elastic cord, throws lighter discuses, hammers, or shots in turn with ordinary ones, throws hammers with a shorter wire, rows lighter boats, rows with shorter oars, swims pulled, or does other such “lightened” exercises (Harre and Hauptmann 1991). The speed under these lightened conditions must be such that the athlete is capable of showing it under normal conditions (Sozanski 1992b).

For track-and-field sprinters the pulling force exerted by a pulling device should range from 0.5 to 2.0 kgf (kilogram force) or 1.1 to 4.4 lb., which allows the sprinter to run 100 meters 0.2 or 0.3 of a second faster than his or her best result (Ozolin 1986). According to Romanova (1983) the speed of running down a track inclined 2 or 3° may be 17% greater than the speed of running in normal conditions on a flat track. When running on a horizontal track starting from a descending track, the speed can be 13% greater than normal. Romanova cautions that downhill running distorts normal running technique—it increases stride frequency but decreases stride length, rear leg push-off force, and increases the braking action of the front leg. Romanova advises combining downhill, level, and uphill running in one workout to counteract the distortion of normal running technique by downhill running. The other method of breaking the speed barrier is based on the fact that the speed of forgetting characteristics of the dynamic stereotype is different for each characteristic. Spatial characteristics (form of movement) are remembered longer than temporal characteristics (speed and timing of movements). If the speed exercises are not performed for a certain time, memory of the time links characteristic for the speed barrier may disappear. The form of movement will still be intact (Sozanski 1992b). It takes 10–14 days after ceasing speed training for an athlete’s speed to noticeably decrease. If in this period of rest from sport-specific speed exercises the athlete does directed and general speed and strength exercises, then after this period it may be possible to increase the athlete’s sport-specific speed (Sozanski, Witczak, and Starzynski 1999).

The speed barrier is very likely to occur in beginners who are introduced to narrowly sport-specific training too early, at the expense of general development (Naglak 1979).

Strength Exercises in Speed Training

Increasing maximal strength improves the speed of movements with great resistance and does not affect the speed of movements with light resistance. To be effective means of increasing speed, the strength exercises must have an amplitude, external structure (spatial and temporal form), and internal structure similar to the perfected technique. Strength exercises designed to improve speed must be fast or even explosive, depending on the desired results in perfected techniques.

Developing Speed of Reaction

Both the time of a simple reaction and the time of a complex reaction are less specific than speed of movement, so they can be improved by exercises that do not resemble the actual sports actions, especially at the beginning of training (Sozanski and Witczak 1981). Matveev (Matveyev [Matveev] 1981) reports that the transfer of a complex reaction is so wide that high-class fencers who practiced on a table reactionmetre improved their sport-specific reaction time. Nevertheless, the complex reaction time for sport-specific stimuli is shorter than for nonsport-specific, so fencers react faster to movement of a weapon than to lights or the sounds of testing apparatus (Czajkowski 1991b).

To develop the speed of simple reactions to one type of stimuli, the following methods are used (Zaciorski [Zatsiorsky] 1970):


	The method of repetitive reacting. Athletes react to a sudden, repetitively, but not rhythmically, occurring stimuli (start on a signal, defend against a known type of punch, change direction of movement), or react on only one type of signal from several types of signals. This method brings improvements quickly with beginners. After prolonged use, the speed of reaction stabilizes and is difficult to improve.

	The analytic method. In this method the speed of reaction is trained in lightened conditions, and the speed of the first movements of the exercise is practiced separately. For example, a sprinter, on a signal, does starts from a high position and separately, without the signal, does complete starts from the standard low position.

	The sensory method. This method is based on the close relation between the speed of reaction and the ability to differentiate short periods of time (0.1–0.01 second). The sensory method develops the ability to sense even the shortest periods of time, which in turn improves the speed of reaction. Training under this method is divided into three stages:




	First stage—on a signal, an athlete performs a movement with maximal speed. After each trial, the athlete is informed about the time of performance.

	Second stage—the task is performed with maximal speed. The athlete must determine the amount of time it took. This estimate is compared with the actual time. Constantly comparing the subjective estimates with the actual, precisely measured time, improves the accuracy of the sense of time.

	Third stage—the athlete performs the task with various assigned speeds. This further perfects the sense of time and teaches control of the speed of reaction.



As a result of many years of training, the reaction time may be reduced by 0.1–0.15 second (Sozanski and Witczak 1981). Humans react slower to visual signals than to sound and touch signals, as table 5 illustrates.


Table 5. Time of simple reaction to different signals (Romanowski 1973)

[image: Table 5. Time of simple reaction to different signals (Romanowski 1973)]


In complex reactions, such as the reaction to a moving object or a reaction with choice, the training is more complex. In reacting to a moving object, the ability to see the fast-moving object clearly is essential. This ability can be trained using exercises that demand reaction to moving objects. The difficulty increases with greater speed and at a shorter distance from the object. Typical exercises in this method are ball games with tennis balls and ball games on smaller than regular size areas (Bompa 1994). Initially, some workouts have to be dedicated to developing the precision of the reaction and not its speed (Naglak 1979). Learning to keep the object in the field of vision constantly cuts down on that part of the reaction time that is used for finding it and helps to develop anticipation.

Developing the speed of reaction in situations where from many possible reactions only one has to be chosen is based on a gradual increase in the number of variables. For example, first a response to one type of attack is learned, then a response to two types of attack, and so on. The athlete has to learn to react to preparation for the action, not only to the final moves. For this purpose, in workouts, a reaction to exaggerated movements is taught first, and then to gradually more natural movements. In this way the athlete learns, more or less consciously, the advance, sometimes very subtle, signals for various types of attack.

If the athlete has to react by performing any technique of the sport, that technique should be automatized so he or she can pay full attention to stimuli without having to think about the technique. According to Drabik (1996), reaction time depends on age (the time of transmitting the signal from the central nervous system to the muscle is shortest from age 8 to 29 years), height (short people have a shorter reaction time than tall people), and sex (men have a shorter reaction time than women). Fatigue, hunger, lack of sleep, and low body temperature increase reaction time (Sozanski and Witczak 1981).

General Speed Training

The purpose of general speed training is to develop speed using various natural movements often encountered in life. Various sprints, jumping ability exercises, and games that stress speed are used as general speed exercises.

Except for the sports that consist of such activities, this general speed does not transfer directly to a sport-specific speed in the athlete’s sport, but it is useful in situations when natural movements are a part of the competition activity and makes learning the directed and sport-specific speed exercises easier—for example, playing dodgeball prepares young boxers to learn evasion.

Directed Speed Training

Directed speed training develops speed in exercises of a structure similar to techniques of the sport. Examples of directed speed exercises for boxers are reaction time exercises with tennis balls and practicing single punches with additional light resistance; for sprinters, all kinds of skips done very fast and sprints shorter than the competition distance; for wrestlers, short sets of throwing a dummy at maximal and high speed. A sport-specific speed exercise for wrestlers would be throwing a partner (Nowak and Ptak 1995; Perkowski 1995; Glaz, Klimas, and Kosmol 1995).

Sport-Specific Speed Training

Sport-specific speed training develops speed in techniques of the sport. Sport-specific speed exercises consist of part of or the whole technique, often altered in such a way as to make it possible to do it at a speed higher than the typical competition speed. This is why resistance in sport-specific exercises for development of speed ought to be less than when developing strength and typical speedstrength abilities (Starzynski and Sozanski 1999).

Speed Exercises in a Workout

Since these exercises require relative freshness, the best time to do them is immediately after the warm-up. When it is important to develop the ability to display speed when fatigued, speed exercises in a multitask workout are done at the end of the main part. In such cases the volume of speed exercises is only 5–10% of the total volume of the workout (Platonov 1997).

The rest breaks between exercises have to be long enough so the athlete can perform the next attempt without a drop in the assigned submaximal or maximal speed. This limits the volume of speed exercises in any single workout. Increasing the number of repetitions accumulates fatigue and increases the rest interval between them so the density of the workout gets too low. A well-trained athlete must rest 5–8 minutes between sprints of up to 100 meters if the number of repetitions is not excessive. Because these rest intervals are so long, besides passive rest light exercises similar to or imitating the main exercise are done while the athlete is recovering to maintain the specific neuromuscular coordination for the main exercise.

According to Naglak (1979) speed exercises should be done in small doses but frequently, even several times during a day, but in varying form and in different conditions and not too often at the maximal speed.

Speed Exercises in a Microcycle

The main condition for developing speed is an optimal state of excitability of the central nervous system and a lack of fatigue. This is why speed exercises should be done when athletes are fully recovered (Jewgieniewa [Yevgen’eva] 1991a), after a rest day, or on the day following the light technical workout. On days when athletes are less than fully recovered they may work on speed-endurance or sport-specific endurance (Jewgieniewa [Yevgen’eva] 1991a).

In the periods when development of speed is a priority, speed exercises should be done as often as possible, but in small doses. Usually recovery after an intensive speed workout takes 24–48 hours (Ulatowski 1992). It is possible to effectively develop speed and endurance with both a speed workout and an endurance workout in one day. It does not matter which is first provided that during the speed workout an athlete does not get fatigued (the energy cost of the exercises is covered by the muscles’ stores of creatine phosphate), there is at least a four-hour break between workouts, and endurance efforts do not exceed the anaerobic threshold (Liesen 1983).

In the periods of a macrocycle when speed is being built up, up to six workouts with speed exercises may be done in a week. During the competition period, when the achieved level of speed is to be maintained, 3 or 4 workouts suffice. Two speed workouts per week is the minimal number even for beginners (Sozanski and Witczak 1981).

Speed Exercises in a Macrocycle

Speed exercises in the preparation period are done only if their character or the form of the athlete permits it. As a rule, speed exercises can be done at the beginning of the preparation period as long as the energy for them is provided mainly by the phosphocreatine system, or in other words, without raising the blood level of lactate above resting values (Wienecke and Gerisch 1989).

Speed exercises that require a foundation of strength or endurance to be effective and safe must be preceded by an adequate amount of strength and endurance training in the beginning of the preparation period.

In the general preparation period general speed exercises, such as sprints or ball games with the rules altered so speed is stressed, are used. The effect of these general speed exercises will be easily transferred only to those competitive exercises that are similar to them. For example, sprints will improve the speed of approach in jumps, but not the speed of boxing punches or the speed of evolutions on gymnastic apparatus.

In the sport-specific preparation period, speed exercises resemble either parts of or the whole of competitive exercises altered in such a way as to stimulate the development of speed. According to Sozanski and Witczak (1981), for advanced athletes it takes 6–8 weeks of sport-specific speed exercises to reach the maximal speed possible at their current stage of training. These 6–8 weeks may have to be preceded by 4–6 weeks of preparation including auxiliary training and general and directed speed training, especially for less advanced athletes. The total time required to reach the currently possible maximal speed depends on the complexity of the skills, so for sprinters lower time limits apply than for judo wrestlers.

Ceasing speed exercises for more than a week (10–14 days) causes a noticeable drop of speed (Sozanski, Witczak, and Starzynski 1999).

Next to be considered is endurance training.





8. Endurance

Endurance is the ability to continue work for a required time without lowering the quality of the work. In other words, endurance is the ability to counter fatigue.

According to Kukushkin (1983), there are four types of fatigue: mental (boredom), sensory (a result of intense activity of the analyzers), emotional (a consequence of the intense emotions observed after performance at important sports competitions, or after executing movements that demand overcoming fear), and physical (caused by muscle work).

All types of fatigue are present in any sports activity. In various sports, however, different types of fatigue are emphasized—for example, in fencing, sensory and emotional fatigue; in marathon running, physical and mental fatigue (Czajkowski 1998b).





Factors Affecting Endurance

deVries (1980) lists the following factors affecting endurance:

Psychological factors


	Motivation

	Pain tolerance



Physiological factors


	Local endurance (of one or more groups of muscles)

	strength of a given muscle group

	energy stores in a given muscle group

	density of capillaries in a given muscle group





	General endurance (of the whole person)

	strength of all muscles

	energy stores

	cardiorespiratory factors essential for aerobic activity:

	—functioning of the respiratory system

	—stroke volume of heart

	—ability of the blood to transport oxygen

	—capillarization of the muscles





	homeostatic factors essential for anaerobic activity:

	—buffer capacity of blood

	—ability to tolerate high acidity









	Efficiency of thermoregulation of the body

	Efficiency of the nervous system, which ensures economy of movement and good coordination (economical technique)

	Efficiency of muscles, which determines the amount of energy used up to perform assigned work



Nett (1964) distinguishes aerobic endurance and anaerobic endurance, and both of these can be general (of whole body) or local. Aerobic endurance has its physiological basis in aerobic fitness and anaerobic endurance in anaerobic fitness.

The maximal amount of oxygen a person can use in a minute (maximal oxygen uptake per minute) is a measure of aerobic fitness. It depends on the stroke volume of the heart, on the volume of blood it can pump per minute (cardiac output), maximal heart rate, blood flow velocity, the vital capacity of lungs, and the ability of tissues to absorb oxygen. The maximal oxygen uptake of excellently trained endurance athletes is 5.5–7.5 L/min. Oxygen uptake in mL/(kg × min) reaches 70–75 mL/(kg × min) for elite female cross-country skiers and more than 80 mL/(kg × min) for elite male cross-country skiers (Bergh 1982). In sports in which aerobic fitness is not a decisive factor in determining sports results, athletes, even in top shape, do not come close to these values because they do not need to.

Anaerobic fitness can be expressed by the maximal oxygen debt (excess postexercise oxygen consumption) or by the accumulated oxygen deficit resulting from performed work, which is considered to be more accurate (Spencer et al. 1997). In well-trained athletes, maximal oxygen debt may reach 25 L/min (Matveev 1999). Aerobic or anaerobic fitness is not the same as aerobic or anaerobic endurance. It only determines the potential of the person, a potential that with proper skill and willpower may be realized. In mature athletes maximal oxygen uptake will increase with hard endurance training for only eight to eighteen months, then plateaus even with increased training (Wilmore and Costill 1999). The performance can still be improved, after maximal oxygen uptake has reached its peak, by developing the ability to exercise at a higher percentage of maximal oxygen uptake for a longer time. This is related to increasing the percentage of maximal oxygen uptake at which lactate (an ester of lactic acid) accumulates in the blood above the resting level (anaerobic threshold or, more precisely, blood lactate threshold).

Few athletes are able to work at the pace that requires maximal oxygen uptake for more than two minutes (Wilmore 1976; Sharkey 1990). If the time of work is longer, the athletes work at a lower level of oxygen uptake. For example, typical marathon runners can run for more than two hours at a pace requiring up to 80% of their maximal oxygen uptake while not exceeding their lactate threshold. Some athletes are able to work for a prolonged time while their oxygen uptake approaches 90% of maximum (Wilmore and Costill 1999).





Endurance Training

Endurance is developed only when an athlete is made sufficiently fatigued. The athlete adapts to this fatigue and so his or her endurance increases. When developing endurance, it is important to take into account not only the degree of fatigue, but also its character.

When performing many exercises, cyclic exercises in particular, the load is relatively fully characterized by exercise intensity, exercise duration, rest interval duration, character of rest, and number of repetitions. Depending on the combination of these components, not only the magnitude of body response, but also the character of response, will differ (Kukushkin 1983).

Endurance can be developed by working out with a different intensity than the intensity of an athlete’s event. The intensity of exercise determines the demand for oxygen. Any intensity at which the demand for oxygen is below the lactate threshold of the athlete is called a subcritical intensity. When the demand for oxygen equals the lactate threshold, the intensity of exercise is called critical. The greater the maximal oxygen uptake of the athlete and the percentage of maximal oxygen uptake at which the lactate threshold occurs (blood lactate accumulates above the resting level), the higher may be this intensity. Work at intensities greater than critical (supercritical) incurs an oxygen debt needing more than a few minutes to pay back and a considerable share of the work’s cost is covered by anaerobic sources of energy (modified from Wolkow [Volkov] and Zaciorski [Zatsiorsky] 1964). Even in sprints, however, which are mainly anaerobic efforts, aerobic fitness has considerable importance (Wolkow [Volkov] et al. 1972; Spencer et al. 1997).

The level of critical intensity (speed) varies in different people. It depends on the athlete’s maximal oxygen uptake, on the percentage of maximal oxygen uptake at which blood lactate accumulates above the resting level (blood lactate threshold), and on the economy of movement. The minimum heart rate required for developing aerobic endurance can vary from athlete to athlete. It must be at least 70% of an individual’s maximum but must not reach the anaerobic threshold.

HRmin = 70%HRmax

The minimum aerobic training heart rate can alternatively be figured out by adding the value of the individual’s resting heart rate to 60% of the difference between his or her maximal and resting rates (McArdle, Katch, and Katch 1991):

HRmin = HRrest + 60%(HRmax - HRrest)

Both of the above computations give similar values for the minimum heart rate.

Another and simpler formula is proposed by Dr. Philip Maffetone, named Coach of the Year 1994 by Triathlete magazine, whose advice is followed by triathlete Mark Allen (six-time Ironman winner and world record holder), triathlete Wendy Ingraham, ultramarathoner Stu Mittleman (world champion), marathoner Lorraine Moller, triathlete Donna Peters, baseball player Tom Seaver, marathoner Priscilla Welch, and triathlete Mike Pigg.

Maffetone’s formula determines not the minimum aerobic heart rate but the maximum heart rate below the anaerobic threshold (blood lactate threshold). This heart-rate value is arrived at by subtracting an athlete’s age from 180. If the athlete is returning to training after an injury, or gets colds and flus often, or the athlete’s performance decreases, then he or she should subtract 5 from the resulting value. If the athlete has not had any colds or flu, has exercised for two years without any injuries, and his or her performance is improving, then the athlete should add 5 to the result (Maffetone 1996).

The total volume of work just under the anaerobic threshold determines maximal oxygen uptake (VO2max). Increasing the intensity of work at the expense of volume leads to lowering maximal oxygen uptake (Halicka-Ambroziak 1991).

Exercises with an intensity far lower than critical—for example, walking—must not be used in training too often. Even competitive walkers make running a considerable part of their training. It has a greater effect on the cardiovascular and respiratory systems.

The duration of exercise, being inversely proportional to its intensity, determines the energy sources. The longer the duration of a maximal effort sustainable within this duration, the greater the share of energy from aerobic reactions (Spencer et al. 1997).

The rest interval also determines the energy sources. With rest intervals that are shorter than necessary for full recovery in exercises of subcritical and critical intensity, the shorter the rest the more stressed is the aerobic system. With a supercritical intensity of exercises and rest intervals that are too short for repaying the oxygen debt, the debt will add up with each repetition of the exercise and the effort will be more anaerobic as the rest intervals get shorter (Wolkow [Volkov] and Zaciorski [Zatsiorsky] 1964).

The character of rest determines the speed of recovery. In exercises of critical intensity, filling up the rest intervals with light activity (jogging, trotting) maintains a higher pace of respiratory processes and thus prevents lagging of body functions at the beginning of the next repetition and a needless increase of the oxygen debt.

Light movements after heavy muscular effort also help to relieve mental tension and improve blood flow in the muscles. Easy movement, such as jogging, helps in moving venous blood with light contractions of muscles (Naglak 1979).

Faster recovery means a greater possible volume of work (in a workout and in the whole training process), thus attaining better athletic form.

The number of repetitions of an exercise (lifts of a weight, pulls of an oar) determines its intensity in anaerobic efforts. Increasing the number of repetitions forces a decrease in the intensity of work. More repetitions in aerobic efforts forces a prolongation of the high level of activity of cardiovascular and respiratory systems.

When developing endurance of several kinds, it is necessary to first increase aerobic fitness. Three tasks have to be resolved: increasing the maximal oxygen uptake, developing the ability to maintain as high a percentage of maximal oxygen uptake as possible for a prolonged period, and speeding up the reaching of a steady-state or steady rate of oxygen uptake, which reduces an athlete’s oxygen debt.

Aerobic fitness is developed by activities that overload the cardiovascular and respiratory systems and this overloading is independent from the form of movement as long as the movement involves large enough muscle groups and is repeated long enough (McArdle, Katch, and Katch 1991). An athlete’s aerobic fitness is fully revealed, however, only in the activity that was used to develop it because of the involvement of local muscular circulation and metabolic adaptations within specific muscles: swimmers show their full aerobic fitness when swimming and runners when running (McArdle, Katch, and Katch 1991; Wilmore and Costill 1999).

Exercises demanding participation of large muscle groups (crosscountry skiing, running, swimming) are used for developing aerobic fitness. Aerobic fitness or aerobic endurance workouts should be held in a natural environment and in places rich in oxygen. Exercises should be done with near-critical intensity.

Aerobic fitness provides the foundation for developing anaerobic endurance. Aerobic endurance training causes adaptations in the system of respiration, in the system of transportation of oxygen, and in the cells that use it. These adaptations at the cellular level increase the ability to oxygenate the lactate and thus, lower its concentration. In this way, increasing aerobic fitness improves anaerobic fitness, not only by postponing the use of glycolysis until a higher intensity of effort is reached, but also by speeding the flow of lactate through the organs that use it or remove it (Dziasko et al. 1982). If aerobic fitness is insufficient, then the accumulated products of anaerobic effort will be removed slowly, because removal of lactate depends on aerobic fitness (Wawrzynczak-Witkowska 1991; Sterkowicz 1996). To sum it up: aerobic fitness permits doing more work on anaerobic fitness or anaerobic endurance by limiting the size of the oxygen debt and by speeding up its elimination.

It is important to remember that anaerobic fitness or anaerobic endurance is unstable: when intensive training stops, its level quickly drops (Kukushkin 1983).

Aerobic fitness increases naturally, without training, until the age of 18 or 19 in men, and 14 or 15 in women. Then it stabilizes and declines (Drabik 1996; Sharkey 1990). Since anaerobic endurance is built on the foundation of aerobic endurance, it is important to properly develop the bodies of young athletes so they will not be limited in their level of anaerobic endurance by low aerobic fitness. Maximal oxygen uptake increases naturally with a child’s development. Drabik (1996) states that overlaying the natural development of aerobic fitness with training greatly improves an individual’s maximal oxygen uptake.

Signs of Insufficient Aerobic Fitness

These are the signs of doing too little aerobic exercises in proportion to anaerobic exercises (Maffetone 1994a).


	Feeling fatigued both physically and mentally

	Craving sweets or stimulants such as coffee because anaerobic exercises lower the stores of glucose and make it difficult for an athlete to burn fat for energy. This, in a catch-22, makes the athlete dependent on glucose for energy. If the athlete depends on glucose for energy, he or she is bound to experience symptoms of unsteady blood sugar levels, such as moodiness and shakiness, unless he or she eats often.

	Getting exercise injuries. An excess of lactic acid, produced when the athlete derives most energy from carbohydrate (glucose), worsens his or her coordination. Using up muscle glycogen for energy instead of fat causes local fatigue. Fatigued muscles do not work right and get injured.

	Catching colds and other infections

	Having difficulty waking up in the morning and not wanting to get up

	Gaining fat or not losing it

	Getting PMS and menopausal symptoms because the normal function of the hormonal system depends on aerobic activity and proper fat metabolism



Methods of Endurance Training

Methods of endurance training are classified according to the arrangement of exercises, the intensity and duration of work, and the rest intervals between exercises. When planning and conducting training, the coach should regulate the amount of work and rest according to the needs of the athletes. Classification makes it easier to describe differences in the effects of various arrangements of exercises. There are the following methods of training:


	continuous with constant intensity

	continuous with variable intensity

	repetitive

	interval

	circuit



No single training method is sufficient to fully develop any given ability or skill for high-level sports. Training has to include the proper set of methods to suit the situation.

1. Continuous training at constant intensity is characterized by a constant, low- to moderate-intensity work in a relatively (compared to other methods of training) long workout. It is recommended for athletes of cyclic sports, such as middle- and long-distance runners, bicyclists, rowers, and cross-country skiers. Other athletes can also use this method, especially at the initial stages of their athletic career and in every macrocycle in the general preparation period. This type of training improves an athlete’s aerobic fitness, efficiency of thermoregulation, and tolerance for high body temperature while developing general endurance and increasing resistance to the symptoms of fatigue and the results of loss of fluids (Ulatowski 1979; Sozanski 1981e). It increases the economy of work, the ability to mobilize muscle groups for long efforts, and the self-control of the athlete during long, exhausting efforts. In continuous training, the adaptive mechanisms of the athlete’s body are mobilized only once in each workout. Following this mobilization, the adaptation remains at the same level. Efforts of long duration cause great expenditures of energy, forcing the athlete to use, and later to rebuild, all his or her reserves. Short efforts do not use up the deep reserves of an athlete (Malarecki 1964). The functional “ceilings” of certain organs and systems (pains in the region of the liver and spleen signal these ceilings) are raised during low-intensity, prolonged work (Kukushkin 1983). Long, continuous work with a heart rate of 180-less-age constitutes aerobic effort and does not reach the anaerobic threshold. Such work can be performed for a long time without signs of great fatigue. Continuous work with a heart rate above the 180-less-age level constitutes a mixed aerobic and anaerobic effort and the higher the heart rate the greater is the share of anaerobic processes.

The main part of a typical workout in continuous training consists of performing one form of movement with such low intensity that the athlete does not fatigue too quickly. Only at the end of the exercise might athlete’s limbs feel somewhat heavier and breathing become much faster. The intensity (pace of movements) remains the same throughout the exercise.

This method can be applied in two stages. In the first stage such workouts are done for up to eight weeks. Each consecutive workout is longer because the distance, or number of movements performed, increases. After approximately eight weeks, the second stage is entered and a change is made. The intensity is gradually increased from workout to workout (but remains constant within the same workout), and simultaneously the duration of work is gradually reduced during the next six weeks (Sozanski 1981e).

2. Continuous training with variable intensity has various duration times for performing each exercise, while the duration of the whole workout remains constant and work is not interrupted. The intensity of exercises varies and is lowered when partial recovery is needed. This training method brings best results if the intensity of exercises (of both the slower and faster parts) in a workout is initially low, then gradually increases to less than maximal values, and then gradually lowers (Ulatowski 1979). The intensity of work is changed according to the reactions of the athlete. This method of training is used in the preparation period.

Work of variable intensity improves the speed of shifting physiological functions over to a new steady-state or steady rate of oxygen uptake (Platonov 1997).

3. Repetitive training consists of repeating certain types of exercise in a workout. It has a constant intensity of exercise, rest periods that ensure full recovery, and a variable number of repetitions of the exercise. Every repetition of the exercise means repeated adaptation to work. This training forces multiple mobilization from rest to full activity. It improves the athlete’s adaptability to work or the speed of reaching a steady rate of oxygen uptake (Platonov 1997).

The duration of rest periods is regulated according to individual reactions to work. When the ability to handle the training load improves, first the number of repetitions increases and then the intensity or the difficulty of the exercise. This type of training is recommended for the beginning of the preparation period in the macrocycle, especially for beginners (Malarecki 1972; Ulatowski 1979). Highly trained athletes do not benefit much from this type of endurance training (Naglak 1979).

For developing endurance in cyclic sports such as running, swimming, cycling, or rowing using exercises of submaximal, high, and moderate intensity (see table 1, in chapter 1 for zones of intensity), the main method is the covering of distances shorter than the competitive distance. Shorter distances are chosen in order to make the athlete get used to running at higher speeds than those used on the standard competitive distance. The athlete covers these shorter distances several times during the workout to get a great enough effect on the body.

4. Interval training has a strictly regulated time for work and rest, the training load, the intensity of work in each exercise, and the number of repetitions of the exercise. Duration of rest periods is such as not to allow full recovery so the physiological changes accumulate during a workout (Malarecki 1972).

Interval training, as with the repetitive and variable intensity form of continuous training, improves the speed of reaching a steady-state or steady rate of oxygen uptake (Platonov 1997). This type of training is commonly used for developing speed-endurance, but because of the high intensity of exercise, it can be used only with well-prepared athletes (Malarecki 1972). A high intensity of work puts great demands on the body and can destabilize the form of insufficiently prepared athletes. Interval training consisting of short, speed-type efforts causes mostly biochemical adaptations in the muscles, the character of which depends on the zone of intensity for the effort.

Interval workouts designed to improve power output of the anaerobic-alactacid energy system have work periods lasting from 5 up to 25 seconds depending on the sport, so athletes of short events do shorter work periods. Intensity of effort in these work periods is maximal. Rest periods range from 90 seconds to 3 minutes. Intervals are done in sets of 3 or 4 repetitions. Up to 5 such sets, each followed by up to 6 minutes of rest, are done in a workout.

The interval for increasing the capacity of the anaerobic-alactacid energy system has work periods lasting from 30 seconds to 90 seconds depending on the sport. Intensity of effort ranges from submaximal to maximal (90% of maximal and higher). The longer duration of work periods is to maximally deplete muscle stores of phosphocreatine and thus stimulate increasing its stores. Rest breaks between work periods last 2–6 minutes. Intervals are to be arranged in sets of 3 or 4 repetitions, each set separated by 8–12 minutes of rest, filled by light activity after each set. The number of sets per workout is 2–4. Such work also affects the anaerobiclactic acid system, which is inevitable when completely exhausting the alactacid system (Platonov 1997).

An interval workout designed to improve the power output of the anaerobic-lactacid energy system has to have work periods lasting from 30 to 90 seconds. The intensity of effort in these work periods ranges from submaximal to maximal. Rest periods last from 30 seconds to 2 minutes. Intervals are done in sets of 4–6 repetitions and up to 5 such sets, each followed by up to 6 minutes of rest, are done in a workout (Platonov (1997).

Interval training for increasing the capacity of the anaerobic-lactacid energy system has to have work periods lasting from 2 to 4 minutes with a submaximal intensity of effort. Rest breaks between work periods should last 1–6 minutes. Intervals are to be arranged in sets of 4–6 repetitions, each set separated by 8–12 minutes of rest, filled by light activity after each set. The number of sets per workout should be 3 or 4 (Platonov 1997).

Examples of interval exercises that athletes of very advanced standing do to develop both anaerobic and aerobic endurance are 25–50 repetitions of a 200-meter sprint, with a maximal heart rate of 180/min and a heart rate at the end of each rest period falling to 120–140/min (Naglak 1979), or ten repetitions of a 400-meter run at 85–90% of maximal speed (at a given stage of training), with 45 seconds of rest between runs (Platonov 1997).

According to Platonov (1997) an interval workout for developing aerobic fitness should consist of 1- to 2-minute work periods with the pulse reaching 170–180/min by the end of each work period, and rest periods lasting 45–60 seconds or until the pulse is 120–130/min. Working with a higher heart rate than 180/min as well as allowing the heart rate to fall below 120/min is counterproductive, as either of these reduces the systolic volume (Platonov 1997).

Excessively intensive interval training—for example, repetitively running 200 meters at a 27- or 28-seconds pace—are counterproductive for middle- and long-distance runners and may be unhealthy for others. Dieter Berben (1965) gives examples of middledistance runners who, as a result of running short intensive intervals such as 200 meters 10 to 80 times, or 100 meters 100 times per workout, developed the ability to quickly recover after efforts but could not maintain their normal pace on their competitive distances. The runners who relied on short intervals had a lower economy of effort on the competitive distance than runners who trained on long distances. They also had twice as high levels of lactate in the blood.

While anaerobic interval training with short repetitions interspaced with brief rest periods also develops aerobic fitness, it has drawbacks such as raising blood lactate levels higher than continuous exercise at a subcritical intensity and overstressing the sympathetic nervous system, which may lead to basedowic overtraining (see explanation of types of overtraining in chapter 1 and Overtraining in chapter 17). Further, if the event an athlete trains for has a lower intensity of effort than the interval exercises, then the interval training will stress the wrong muscle fibers. For athletes competing in long-distance events, intensive interval training recruits fast-twitch muscle fibers instead of the slow-twitch muscle fibers they need for competing. Also, high-intensity interval training is hazardous for coronary-prone individuals (McArdle, Katch, and Katch 1991).

The increase of maximal oxygen uptake resulting from interval training is not much affected by the frequency of workouts or by the duration of the training program if it lasts over six weeks. Athletes working out two times a week for seven weeks had gains similar to athletes who worked out four times a week for 13 weeks (Fox 1979). The more frequent and longer was the interval training program, however, the lower was the athlete’s heart rate during submaximal exercise, which means less fatigue at a given level of work output (Fox 1979).

5. Running play is a form of endurance workout with features of continuous variable training, repetitive training, and interval training. It is used for developing general endurance and also as means of active rest. There are two forms of this workout:


	small running play and

	big running play.



Small running play consists of exercises arranged in three parts, in the following order (Pawluk 1970):

First part


	Jog

	Slow jog interspaced with jumps, skips, runs with various steps

	Light run for 500–1000 meters

	Rest

	Dynamic flexibility exercises interspaced with run



Second part, one or two of the following exercises within distances of 400–500 meters


	Relaxed sprints for 60–120 meters

	Accelerations for 20–60 meters

	Runs with high frequency of stride for 60–120 meters

	Runs over obstacles, such as hurdles

	Various jumps (from leg to leg, on one leg, combined)

	Runs with sudden accelerations for 10–30 meters



The whole set of exercises done within this 400- to 500-meter distance can be repeated after a short rest. The number of repetitions depends on the condition of the athletes.

The third part consists of jogging or light running for 500–1000 meters.

Small running play lasts about 60 minutes and, instead of some of the running, may include technical exercises of the sport.

Big running play differs from small play by adding several 150- to 200-meter distances, run at a set pace and interspaced with jogging. Big running play ends with jogging. It is used in the preparation period and it lasts 80–90 minutes.

Another version of the big running play (Naglak 1979; Sozanski 1981e):

First part (20–30 minutes), all exercises done while running or jogging


	Run

	Coordination exercises

	Flexibility exercises

	Strength exercises

	Flexibility exercises of greater intensity



Second part (20 minutes)


	Run 400–500 meters (4–6 times)

	Accelerations for 120–200 meters (4–6 times)

	Multijumps

	Strength exercises with partner



Third part (15–35 minutes)


	Pace run for 300–800 meters (5–10 times)

	Light run until the heart rate falls down to 120–140/min



Fourth part (20–25 minutes)


	Light run

	Relaxing exercises

	Jog

	March



Big running play in speed-strength sports (Starzynski and Sozanski 1999; Sozanski 1981e):

First part


	Walk and march interspaced with jog and light runs

	Slalom between trees, bushes, or other obstacles

	Light jumps, runs sideways and backward, and other exercises for the legs done in motion

	Light run for 300–500 meters

	Rest in march

	Flexibility and agility exercises while standing, marching, and jogging (bends, twists, squats, lunges, arm swings, leg swings)



Second part


	Run 60–80 meters 4–6 times

	Skip 20–40 meters 6–8 times

	Various jumps and multijumps (10 jumps in a row) 6–8 times



Third part

The third part consists of easy, natural runs for 300–150 meters, 4–6 times. The athlete marches between repetitions until his or her breath calms down. These distances get shorter (closer to 150 meters) but the speed increases as the end of the preparation period gets near.

Fourth part

The fourth part consists of jogging, marching, cooling-down, and relaxing exercises.

Strongly built athletes who are hypertonic and need to learn how to relax and improve the economy of their movements will run slower but longer distances. Slender athletes who are naturally relaxed will run shorter distances at a higher pace (Starzynski and Sozanski 1999).

6. Circuit training consists of repeating various exercises in a set sequence (circuit). The choice of exercises depends on the athlete’s needs, the sport, and the training period. The sequence of exercises should be such that each preceding exercise warms up the athlete for the one following it. Movements performed and muscle groups stressed in subsequent exercises overlap, but the stress shifts so each muscle group can recover before being exercised again.
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Circuit training is used for developing general endurance and other physical abilities mainly during the general preparation period.

This form of training, because it increases an athlete’s resistance to fatigue and because of its effect on the cardiovascular system, is suitable for athletes who need to overcome fatigue—for example, for 400-meter runners, middle-distance runners, and multievent athletes such as decathletes, heptathletes, and pentathletes (Wazny 1981b).

The exercises and rest breaks may be arranged in several ways. To make circuit training more effective for developing endurance for a given sport, the arrangement of the work and rest periods should be close to that of the competition—for example, in boxing, to the time of rounds and the rest breaks between them. If the separate exercises have low intensity, the effect on endurance is enhanced by a lack of rest between exercises and between repetitions of the circuit.

The initial number of repetitions of each exercise may be 25–50% of the maximal number of repetitions for a given athlete (Matveyev [Matveev] 1981; Naglak 1979). The training load is regulated by either increasing the number of repetitions of each exercise, shortening the time of one circuit, or shortening rest breaks between circuits. Usually a circuit is repeated three times. An athlete is not supposed to be exhausted after completing the assigned number of circuits (Naglak 1979).

In practice these are the methods of increasing the training load in circuit training (Matveyev [Matveev] 1981):


	The athlete has to make three circuits without rest between circuits, repeating each exercise for an assigned number of repetitions (ranging from 50–75% of the maximal number of repetitions) while trying to reduce the time of making three circuits—for example, in boxing down to the duration of a whole match.

	The time of all the circuits equals the target time right from the beginning, and the athlete has to increase the amount of work done in this time. The initial number of repetitions of each exercise is 25–30% of the maximal number of repetitions and it is increased as the training level increases. Eventually, the number of circuits is increased too. This way of doing circuit training is used for developing endurance in boxing, volleyball, tennis, and track and field.



Special Methods of Increasing Endurance

There are three commonly used methods of increasing endurance by other means than the arrangement of endurance exercises. These are psychological methods, artificial hypoxia, and training at high altitude.

Psychological “tuning-up” may improve the results and even slow down the appearance of unfavorable changes in the body during endurance efforts. To show endurance an athlete needs to overcome the feeling of heavy fatigue and continue working. Mental exercises for controlling focus of attention, relaxation, and imagery help wall off the feeling of fatigue.

Artificially causing hypoxia (reducing the amount of oxygen reaching tissues) by exercising while holding breath, or causing hypocapnia (lowering partial pressure of CO2 in blood) by hyperventilation, are used to boost endurance. Holding of breath is used, for example, in swimming. The swimmer inhales only once every 3–4 strokes so the artificial oxygen debt builds up in spite of the relatively low volume and intensity of the work.

According to most East European authorities, training in the mountains especially benefits the endurance of athletes who live and compete at lower elevations. High altitude training is recommended for highly trained athletes who have reached the limits of increasing their form with conventional training—specifically, they cannot further increase the volume of training—and it should not be done as a means of intensifying training with youth because progress at too fast a pace at a young age limits future athletic potential (Editors of Sport Wyczynowy 1992 based on a presentation by Alessandro Vanci). For children and youth spending a few weeks in the mountains during vacations and, while there, in addition to recreation, working out to maintain sports skills and shape does not constitute intensification of training and does not have adverse effects.

Athletes train for 2–5 weeks at altitudes from 700 meters to 2500 meters (2300–8200 ft.) above sea level, depending on the athlete’s experience (Ankudinova and Zalesskiy 1982; Homenkov [Khomenkov] 1987; Naglak 1979). The partial pressure of oxygen is lower in the mountains than at sea level, which causes hypoxia that in turn triggers increased production of erythropoietin by the kidneys and stimulates red blood cell production in red bone marrow. This causes an increase of the hemoglobin content in the bloodstream and results in the body’s adaptation to hypoxia.

It takes two weeks to adapt to altitudes up to 2300 meters (7500 ft.), and with each additional 610 meters (2000 ft.) of altitude an additional week is required for full adaptation up to 4567 meters (15,000 ft.) (McArdle, Katch, and Katch 1991). There is no additional benefit, however, to training at altitudes of 3000 meters (9840 ft.) and higher (Ankudinova and Zalesskiy 1982).

Nearly three weeks of training (19 days) at an altitude of 2360 meters (7750 ft.) caused an increase of the athletes hematocrit that lasted for two weeks after descent to low altitude (Klusiewicz and Malczewska 1999).

During the first two days of a stay at a high altitude, the athlete’s work capability may be unaffected. In most cases the typical disruption of the athlete’s functioning appear on the third day (Israel 1964).

The first 5–12 days after arrival is the period of acute acclimatization, which may mean a reduced ability to work accompanied by an unusually elevated mood, excitability, overestimation by the athlete of his or her potential, sleep disorders, headaches, increased fatigability, raised heart rate, breathlessness after workloads that were handled easily at low altitudes, nosebleeds, pains in the area of the liver, and an aggravation of acute and chronic illnesses and injuries, which is why only healthy athletes should train at high altitudes (Geselevich 1976; Ulatowski 1967; Israel 1964; Ankudinova and Zalesskiy 1982).

Athletes adapt to a new altitude at an individual rate. Having a resting heart rate elevated above its arrival value indicates that an athlete’s adaptation is not yet complete (Klusiewicz and Malczewska 1999). Men and women react differently. For example, the concentration of hemoglobin in the blood was raised on the third day at 2360 meters in men but not in women. Women adapted slower than men, perhaps because of lower stores of body iron needed for hemoglobin and red blood cell production (Klusiewicz and Malczewska 1999). Iron supplementation before and during a 10-week stay at an altitude of 4267 meters (14,000 ft.) increased the hematocrit of young women (McArdle, Katch, and Katch 1991).

In the first microcycle (5–7 days) of training in the mountains, the volume of work has to be reduced by 10–20% and the intensity has to be reduced to 50% or even 30% of what was done recently at a low altitude. At the end of the second or third week, the loads reach normal values, which indicates that the adaptation is completed (Geselevich 1976; Homenkov [Khomenkov] 1987; Editors of Sport Wyczynowy 1992 based on a presentation by Alessandro Vanci). Within three weeks an athlete’s concentration of hemoglobin reaches the maximum for a given altitude (Klusiewicz and Malczewska 1999). The athlete needs to train at that altitude for another week or two to stabilize this adaptation and the new athletic form (Homenkov [Khomenkov] 1987). This applies especially to athletes starting in long-duration events that are to be held at this altitude (Geselevich 1976).

Reacclimatization after a descent to sea level takes 10–12 days. The reactions of an athlete during reacclimatization are individual and more acute if he or she descends from an altitude of over 1000 meters (3280 ft.) not only to sea level, but to sea climate. Acute reacclimatization may be accompanied by a loss of coordination in familiar techniques, lowering of speed, headaches, sleep disorders, lack of will, and slowed-down recovery after intensive workouts. In the case of acute reacclimatization, the intensity of work in the first weekly microcycle has to be reduced (Geselevich 1976).

After returning to lower altitude the increased work capability should last about two weeks, but it can drop temporarily around the fifth day; this varies from athlete to athlete (Israel 1964).

While for long-distance athletes control competitions (competitions that do not affect the ranking of the athlete) may be held in the first three days after descent, the important competitions should not be entered until ten days after descent (Editors of Sport Wyczynowy 1992 based on a presentation by Alessandro Vanci).

Acclimatization to stays at a high altitude takes less time with repetitive application of this means of training (Israel 1964). Ankudinova and Zalesskiy (1982) recommend two training camps each lasting two weeks for athletes of speed-strength sports and 3 or 4 such camps for endurance athletes.

There are exceptions to the above tendencies in reactions to this type of training so, prior to using it before an important competition, it must be tried several times earlier, just as with any radical change in training. Further, some authors (McArdle, Katch, and Katch 1996; Wilmore and Costill 1999) report no benefit of altitude training, one more reason to try it before deciding whether to use it as a means of increasing an athlete’s form. In the former Soviet Union it was observed over many years that athletes who responded poorly to training at higher altitudes as a rule were from the northern and northwestern plains (Ankudinova and Zalesskiy 1982). For majority of athletes, however, rational training at altitudes up to 2500 meters strengthens the immune system, improves work capability, and speeds up recovery. These effects can last several months (Ankudinova and Zalesskiy 1982). Geselevich (1976) states that improvement of an athlete’s fitness may last up to three months, which is the duration of the life cycle of erythrocytes.

Klusiewicz and Malczewska (1999) report that two weeks after the 19-day training at an altitude of 2360 meters swimmers had similar times for 400 meters as before the altitude training but a lower concentration of lactate, so they concluded that training in the mountains resulted mainly in a lower utilization of anaerobic sources of energy for two weeks after descent to low altitudes.

Training in the mountains is used in the transition period as a means of active rest, in the preparation period to increase the ability to handle training loads, and in the competition period to improve competitive form. Reactions to it are unique to individuals and to their sports.

General Endurance Training

General endurance is the ability to effectively perform any nonsport-specific effort for a prolonged time. It is not true that general endurance should be developed exclusively by long-distance running or other locomotor actions, regardless of an athlete’s sports discipline. General endurance training has to prepare an athlete for a faster acquisition of sport-specific endurance. Sportspecific endurance is the ability to perform an activity typical for an athlete’s sport for as long as the sport requires.

General endurance for long-distance athletes is the ability to perform exercises of low intensity and long duration while utilizing most of the muscles of the body and is based on aerobic fitness, while general endurance of speed-strength athletes includes the ability to perform prolonged speed-strength efforts.

The purpose of general endurance training is to prepare a foundation for directed and sport-specific endurance training, so in developing general endurance it is necessary to use exercises involving the muscle groups and having a structure of movements that will be useful in developing sport-specific endurance. Downhill skiers use cross-country skiing and skaters use bicycling as general endurance exercises. Rowers do cross-country skiing and cross-country skiers do rowing as general endurance exercises. In acyclic sports, such as team games or individual contact sports, general endurance exercises model the variable character of the work. Boxers and judo wrestlers, for example, run with accelerations.

Some general endurance exercises may develop the muscle groups and the energy supply systems that are seemingly useless in sport-specific and competitive exercises. For example, some general endurance exercises for sprinters (long-distance running) and weightlifters (swimming, cross-country skiing) develop aerobic endurance (Matveyev [Matveev] 1981). The efforts of sprinters and weightlifters are mostly anaerobic, but a high aerobic fitness makes the athlete healthier and speeds up the recovery after these efforts and thus allows for an increase in the volume and intensity of sport-specific work.

General endurance exercises involve most muscle groups or the largest muscle groups, help the overall development of the athlete, and enlarge the movement “thesaurus” of an athlete (Naglak 1979). When developing general endurance, several exercises are combined for a greater diversification of the training effect, various training methods may be used, and loads are increased gradually at a rate lower than the rate of adaptation to them. The results achieved in the general endurance exercises do not have to be maximal, only sufficient to meet the requirements of training in the selected sport.

Directed Endurance Training

Directed endurance training is based on general endurance but it relates to a narrower range of activities similar to those of the athlete’s sport. Directed endurance for a track-and-field thrower is the ability to perform many throws with various equipment without fatigue. For a jumper directed endurance is the ability to perform various jumps repeatedly without fatigue.

Exercises of directed endurance are performed within the same intensity zone as the sport-specific exercises so they invoke a reaction of the cardiovascular and respiratory systems similar to that of sport-specific exercises (Ulatowski 1979).

Sport-Specific Endurance Training

Sport-specific endurance is the exact type of endurance that is necessary for performing sport-specific and competitive exercises with the intensity and volume or duration necessary for success. It may be expressed by an increased time of performing the activity with the assigned intensity (running, cycling, skiing), by increased intensity within a series of efforts with the same resistance (throws, jumps, gymnastics), or increased intensity within the same time (running, individual contact sports, team games), and by increased stability of technique (individual contact sports, gymnastics, team games).

The structure of movement and the duration of sport-specific endurance exercises are determined by the specific requirements of the sport.

Why bother with general endurance and directed endurance exercises? Why not instead work only on sport-specific endurance using the sport’s techniques? Endurance is developed by exercising when fatigued and fatigue decreases the quality of technique. Practicing techniques often when fatigued will destroy these techniques, so it is better to develop endurance of the cardiovascular system and of all muscle groups with exercises that do not affect techniques negatively.

Sport-specific endurance in various sports is based on varying proportions of the basic components of endurance. Sports can be divided into groups depending on the dominant components of endurance.

In marathon running, long-distance cross-country skiing, 100- plus-kilometer cycling, and walking, the aerobic fitness of the athlete, his or her mental stability, and the economy of effort determine success.

In middle-distance running, 200–400 meters swimming, and 1000-meter rowing, the anaerobic energy system is stressed together with the aerobic energy system. Endurance in such events depends to some degree on strength and speed, but having greater pure speed or pure strength than a competitor does not guarantee having greater sport-specific endurance or better results. Besides the physical abilities in these sports, the mental ability to overcome prolonged and rapidly increasing acute fatigue while maintaining high speed and precision of movements is also important.

In sprints (track and field, cycling, swimming), mainly the neuromuscular system and the anaerobic energy system are stressed during the event. The sports results in meets where there are many starts depend on the speed of recovery, which depends on the athlete’s aerobic fitness. Both great strength and concentration of will is needed to reach maximum speed quickly and then to maintain an optimal speed and frequency of movements.

In weightlifting, sport-specific endurance means the ability to repeatedly physically and mentally mobilize for increasingly greater efforts during prolonged and emotionally draining contests; it is based on an athlete’s maximal strength and mental toughness.

In team games and individual contact sports, frequent spurts of effort demand good anaerobic endurance and speed of recovery between these spurts depends on aerobic fitness. The long duration of each encounter demands great aerobic fitness and mental stability, as well as the ability to overcome acute fatigue and pain while performing complicated tactical and technical actions in response to the unknown actions of the opponent in a hostile environment.

In combined events such as the decathlon, the modern pentathlon, or skiing’s Nordic combination, having sport-specific endurance for each event separately is not sufficient. The performance in each event of the combined events, when they are performed in actual competition, is influenced by the demands the preceding events made on the athlete.

While the sport-specific endurance exercises directly affect whatever restricts sport-specific endurance, the full development of sport-specific endurance is impossible without also doing competitive exercises. As the athlete’s form and sports results grow, so does the amount of competitive exercises used as a means of improving sport-specific endurance. Competitive endurance exercises that have the same content as the actual competitive exercise but are performed to develop endurance and not for sports results can be used throughout the whole year in such sports as running, swimming, cycling, individual contact sports, and some of the team ball games.

There are two main methods of making the transition from sport-specific exercises to competitive exercises in developing sport-specific endurance: by workouts consisting of many repetitions of the exercise of the same content but shorter than the competitive exercise so as to maintain top competitive speed or even exceed it; and by workouts consisting of a few repetitions of efforts longer than the competitive exercise.

The first method applies to competitive actions lasting more than 30 seconds. The rest breaks are as brief as possible without lowering the quality, intensity, or speed in the next repetition. The number of repetitions is such as to maintain the required quality and intensity through all repetitions of the exercise. In this method, the load is increased by reducing the duration of rest breaks, or by increasing the time of work periods, the number of work periods, or the intensity of work in these periods.

In the second method each repetition of an exercise is longer than the standard duration of a competitive action while its intensity or speed is as near to competitive as possible. The duration of each repetition of an exercise allows maintaining the required intensity. Rest breaks and the number of repetitions are such as to maintain that intensity in all repetitions.

In the method just described, the volume of training work is initially greater than in the competitive exercise; then the intensity is gradually increased up to the intensity expected in competition. Frequent repetition of a competitive exercise with maximum speed or strength will lead to the formation of a motor stereotype—for example, the speed barrier. To overcome this problem, as well as to deal with events that can be done only once during a workout, efforts during a workout may be arranged in one of the following ways.


	The distance is divided into progressively shorter units separated by very short rest breaks to permit performing the event with speed greater than currently possible at the whole distance. The total time, including rest breaks, of covering the distance cannot exceed the planned competitive time.

	The competitive exercise is performed with—from workout to workout—certain portions of the exercise having increasingly greater intensity or speed than the current average competitive intensity or speed. This can be done by either extending the higher intensity part of exercise or by intermittently increasing the intensity within the duration of the exercise. The increase of intensity should be gradual so as not to increase tension (Brunner and Tabachnik 1990). Excessive tension reduces economy and control of movements.

	In team games and individual contact sports, sport-specific endurance can be improved by performing competitive exercises as if under the worst circumstances—with increased intensity and for the longest possible duration, for example, unexpectedly ordering extra rounds in boxing or wrestling.

	The sport-specific endurance exercise can be arranged so the athlete is performing the whole competitive action replacing new, insufficiently learned techniques with other techniques. Gymnasts develop sport-specific endurance, before they master the most difficult elements of the program, by replacing these elements in the competitive exercises with similar elements that they have mastered.



Particular Features of Developing Endurance in Team Games and Contact Sports

In contact sports such as wrestling or boxing and team games such as ball games or hockey, the intensity and the form of movement constantly change. The entire match consists of a number of periods of high-intensity work interspaced with periods of low-intensity work or rest. (The character of the activity precludes developing endurance for maintaining top intensity throughout the duration of the game or a round, however.) The athlete’s endurance in such a sport depends not only on how quickly fatigue sets in, but also on how fast is recovery. The moments of intense activity are performed at considerable cost to the anaerobic processes, and the speed of recovery in “slower” periods depends on aerobic fitness.

While playing team games and contact sports during a workout, it is difficult to selectively affect the athlete’s functions and to precisely regulate loads. Therefore, while in these sports various cyclical exercises (for example, skiing, running, swimming) are used to develop mainly aerobic endurance and to a lesser extent anaerobic endurance, to achieve a high level of sport-specific endurance the use of competitive exercises (performing the actual competitive activity) is necessary.

When playing the sport to develop endurance, athletes can choose one of the following approaches.


	Maintain the same exercise intensity and duration as in competition—for example, in soccer, play two 45-minute periods. This method will produce good results only at the initial stages of training (Kukushkin 1983).

	Increase the duration of the game and correspondingly reduce its intensity as compared to standard intensity of competition—for example, in wrestling work on the mat for up to one hour (Kukushkin 1983). This method is useful for perfecting aerobic capabilities in the specific conditions of the game or encounter, and for helping to achieve an economy of movements, relaxation, and the development of a strong will. Economy of movements based on good technique and relaxation postpones fatigue.

	Increase the intensity and reduce the duration of the rounds as compared with the competitive ones. To increase their effect, short work periods are repeated several times with rest breaks that do not allow full recovery. This is a form of interval training.



Endurance Exercises in a Workout

As stated at the beginning of this chapter, endurance is the ability to overcome fatigue. This is why endurance exercises can and should be done after technical, speed, or strength exercises if any such exercises are to be done in the same workout. If several types of exercises are done during a workout, then the most effective sequence of these exercises is from the most intensive to the least intensive. First to be done, then, are the so-called anaerobic-alactacid efforts such as speed and strength exercises, next anaerobic-lactacid efforts such as speed-endurance or strength-endurance exercises, and finally aerobic efforts such as endurance exercises for long efforts (Platonov 1997).

When both the strength and endurance exercises are done in very low volume and the endurance exercises are of very low intensity (strength—10 exercises each in 2 sets of 3–12 repetitions; endurance—20- to 25-minute run at 60–90% of the difference between maximal and resting heart rate), then doing endurance exercises before strength exercises does increase strength more than doing strength before endurance (Collins and Snow 1993). This may be because aerobic exercises of such low intensity and a duration of only 25 minutes are a mere warm-up for the following strength exercises. In this particular situation (low volume of both types of exercise and a very low intensity of the endurance exercise), the aerobic fitness improvement did not significantly differ whether strength exercises were done prior to endurance exercises or after them.

Hickson (1980) showed that combining strength exercises (30–40 minutes) and endurance exercises (40 minutes) in one workout reduces strength gain without affecting gains in aerobic fitness (VO2max). Similar conclusions were reached in research by Sale et al. (1990) in which one group of subjects did strength exercises (6–8 sets of 15–20 leg presses) together with endurance exercises (6–8 3-minute bouts of cycling at 90–100% of VO2max) and the second group did strength and endurance exercises on separate days. The gains in aerobic fitness were similar in both groups but the second group made greater gains in strength.

Endurance exercises should not be continued when an athlete shows the following signs of heavy fatigue: head and arms hanging down, the rib cage caved in, the frequency of breathing suddenly increased, the upper body sweating heavily, cold sweat appearing on the face, face paling or getting very red, eyes becoming dull, voice muffled and interrupted, and movements losing precision, rhythm, and amplitude (Ulatowski 1979).

Endurance Exercises in a Microcycle

Endurance workouts are done after speed, strength, or technical workouts, and before the day of active rest or complete rest. Endurance may be developed by performing a high volume of work when athletes are not fully recovered after previous workouts (Jewgieniewa [Yevgen’eva] 1991a). Usually, recovery after an intensive endurance workout takes 48–72 hours (Ulatowski 1992).

The balance of all types of work with recovery between workouts is indicated by the Maximal Aerobic Function (MAF) test. The MAF test consists of performing any endurance activity at the 180-less-age pace and measuring the parameters of performance such as time on a standard distance, work output per time, or number of repetitions per time (Maffetone 1996). The test should be always performed in the same conditions—the same activity, in the same place, the same time after a previous workout. It can be performed, without any special arrangements, by simply using a heart rate monitor with timer in the course of an endurance workout. If from week to week the results of an MAF test have a general tendency to improve, or in the case of already high results do not worsen, then it means that the athlete recovers well between workouts.

Endurance Exercises in a Macrocycle

General, directed, and sport-specific endurance is developed simultaneously in all periods of a macrocycle. Only a share of the exercises changes for developing general, directed, or sport-specific endurance as the periods change.

In the general preparation period, general endurance and strength-endurance have to be developed. This period of training prepares athletes for intensive, sport-specific training in the next periods of the macrocycle. For developing general endurance extensive means that have long-lasting effects on the organism are used. Workouts in this period have a great volume of work. Strength-endurance is also increased in this period. Strength exercises directed at developing strength-endurance should involve those muscle groups that play the greatest role in a given sports discipline. Examples of such exercises are: running on sand, running with weights attached to shoes, swimming with added resistance, or performing high repetitions of strength exercises with low resistance. The internal and external structure of these exercises must be similar to the competitive exercises of the athlete’s discipline. Exercises are done with moderate speed and their gradual intensification prepares the athlete for developing sport-specific endurance in the next periods of training. In the sport-specific preparation period, most endurance training is aimed at developing directed and sport-specific endurance. The intensity of sport-specific endurance work increases, while the volume of work stabilizes at the level reached in the previous stage.

In the competition period, the task is to perfect sport-specific endurance while maintaining general endurance and strength-endurance. The volume of all types of training work is lowered to 60–70% of the value reached in the preparation period while the intensity of the work is increased (Naglak 1979).

Competing is one of the means of improving sport-specific endurance. The number, frequency, and character of competitions should be planned. In cyclic sports—for example, 4000-meter cycling—the time interval between competitions that causes improvement in sport-specific endurance without additional endurance workouts is between 2 and 7 days, with results improving most during the longest time (3 weeks), when 3 days of rest separate the competitions (Matveyev [Matveev] 1981). In sports that do not permit such frequent competitions (boxing, marathon, combined events) either the workouts are done between the starts, or athletes compete in a reduced number of events, or they compete at easier distances. The volume of loads imposed by competitions should grow gradually.

In the transition period, the task is to maintain an acceptable level of general endurance. The intensity of work is lowered and other sports than the athlete’s competitive sport are used to maintain endurance. If needed, an athlete can even cease training for a couple of weeks.

Strength, power, and muscular endurance can be maintained by working out once every 10–14 days, but not aerobic fitness, which requires at least three workouts per week with a training intensity of at least 70% of maximal oxygen uptake (Wilmore and Costill 1988; Wilmore and Costill 1999).

An experiment reported by Hortobagyi et al. (1993a) and Houmard et al. (1992) showed that following 14 days of exercise cessation, running time to exhaustion decreased by 9.2% and maximal oxygen uptake decreased by 4.8% in the runners. Maximal heart rate increased by 9 beats per minute and the heart rate at submaximal efforts (75% and 90% of maximal oxygen uptake) increased by 11 beats per minute.

The next physical ability to consider is coordination.





9. Coordination

Movement coordination, as a nervous regulation of muscular activity, is a basis for developing efficiency in movements and perfecting technique (Szczepanik 1987). It is an expression of the ability to localize processes of excitation to the proper motor centers and to prevent a spilling over of excitation to other centers, which would result in one movement pattern interfering with another movement pattern. A lack of coordination is evident, for example, if the movement task is for the athlete to move his or her arms in a sagittal plane while jumping up and down and moving the legs in a frontal plane (as in jumping jacks), and instead he or she ends up moving arms and legs both in the same plane. Another example: if the task is to make large circles in a sagittal plane with one arm and throw straight punches with the other while running in place, ending up punching with both arms or making circles with both arms is a sign of poor coordination.

Wazny (1981c) writes: “Some authors see intelligence as much in evidence in movement coordination as in performance of mental work. To them, coordination is the movement expression of intellect.” And indeed, the more intelligent the person the more localized is his or her brain’s activity and the lower is its metabolic cost (Deary and Caryl 1997; Lamm et al. 1999; Pelosi et al. 1992).

Bompa (1994) lists the following factors determining an athlete’s coordination: thinking or intelligence, functioning of the sensory organs and analyzers, motor experience (movement erudition), and the level of development of other movement abilities such as strength, speed, and flexibility.

Good coordination improves an athlete’s strength by engaging the muscles involved in a given task in the most efficient order, and by the timing and magnitude of force production. Coordination affects the speed of movement by regulating the mobility of nervous processes.

Coordination can be divided into general, directed, and specific. General coordination allows a person to quickly learn various, often complicated movements and movement patterns. In sports, most (but not all) exercises developing general coordination consist of movements performed for their own sake. The goal is to learn the spatial and temporal form of movements (Szczepanik 1987). Wazny (1981c) points out that a high level of narrowly specific coordination, such as of workers performing only one task (hand rolling cigars, wrapping candies), does not always correlate with the level of general coordination, but general coordination does facilitate development of specific coordination.

Sport-specific coordination allows the athlete to perform techniques in various circumstances smoothly, precisely, and with ease.

General coordination facilitates the development of sport-specific coordination because the performance of every new exercise is based on previously mastered movement habits. The more of these basic movement habits that are mastered by the athlete before specialization, the easier it will be to master the techniques of the sport.

General coordination greatly influences the speed and precision of learning techniques, which is why tests of coordination are used in selection for technical sports.





Coordination Training

Coordination is developed by teaching new and varied exercises and by performing known exercises in new conditions. When teaching new coordination exercises for coordination’s sake, the athlete should not strive for perfection, but for rough proficiency in the general form of the exercise.

The richer the athlete’s store of movement skills, the more skills he or she can easily learn or change (Bompa 1994; Matveyev [Matveev] 1981).

Wazny (1992c) warns that laying off coordination training and not introducing new exercises may slow down the learning of new techniques. He gives an example of advanced, experienced athletes who for a long time settled into a routine of known exercises and had more difficulty with mastering new techniques than athletes of lesser standing who were continuously exposed to new exercises.

There are seven coordination abilities: balance, kinesthetic differentiation, reaction to signals, spatial orientation, sense of rhythm, synchronization of movements in time, and movement adequacy. Each ability is developed by exercises that challenge the sensory organs and the analyzers that determine it.

Balance—whether static or dynamic—is perfected by exercises that make it difficult to maintain stability.


	Examples of static balance exercises: prolonging the time of maintaining a stance; doing previously mastered exercises with closed eyes; reducing the area of support (narrower beam, smaller distance between hands or legs); increasing the distance from the center of gravity to the support surface; performing additional movements while maintaining balance; assuming static positions immediately after a dynamic movement of the whole body; maintaining a stance against actions of the partner; doing the exercise on an unstable support; and raising the height of the apparatus.

	Examples of dynamic balance exercises: running on a balance beam, walking and running on a moving balance beam, closing eyes while running or riding along a steep curve.



Kinesthetic differentiation can be divided into kinesthetic differentiation of strength and kinesthetic differentiation of joint position. Kinesthetic differentiation of strength—the ability to discern and finely adjust the muscular tension in movement to achieve a desired result—is perfected by exercises requiring the athlete to use just the right amount of strength in a movement.


	Examples of exercises: kicking or putting a ball at an assigned distance; throwing balls of various weights and sizes at targets; juggling objects of various weight at the same time; jumping at an assigned distance. Kinesthetic differentiation of the joint position is the ability to perceive and recreate fine changes of a joint position.



Reaction to signals is perfected by exercises requiring responding quickly with a movement to a particular stimulus, such as a sight, sound, or touch.


	Examples of exercises: catching light objects unexpectedly released by partner; quickly changing positions on a signal; making starts and short sprints from various positions on a signal.



Spatial orientation—the feeling of space—is perfected by exercises that require precise control of a body position in space, as well as a quick assessment of the distances to other objects.


	Examples of exercises: bouncing on a trampoline, taking off and landing in various positions (on feet, on knees, on back); performing evolutions on gymnastic apparatus; throwing a ball or balls in front of oneself and catching after a turn; throwing and catching a ball in unusual positions, for example, while lying on the floor.



Sense of rhythm is the ability to match movements to a rhythm the athlete hears, sees, or feels. It is perfected by exercising to an imposed rhythm.


	Examples of exercises: gymnastics or shadow boxing to music; boxing exercises with speed bag; or running hurdles.



Synchronization of movements in time is perfected by exercises that consist of unrelated movements, for example, one arm making large circles in a sagittal plane while the other punches to the front or side. The degree of difficulty is raised by adding more movements of other limbs—for example, performing the above exercise while marching, jogging, and running, as well as increasing the difficulty of each movement.

Movement adequacy is the choice of movements most adequate for the task. It is developed by exercises requiring the athlete to minimize the number of movements or the magnitude of effort needed to accomplish an assigned task.


	Examples: getting through an obstacle course with minimum effort; covering an assigned distance with minimum movements; in a ball game receiving the ball in such a way that it can be passed to a player who makes the most advantageous use of it.



During certain periods of a person’s life, he or she will be most sensitive to exercises developing particular elements of movement coordination. These are called sensitive ages or critical periods and they are different for each of the seven coordination abilities (Drabik 1996) as shown in table 6. Drabik incorporates the information on the sensitive ages into his advice on the sports training of children.


Table 6. Seven coordination abilities and their relation to sensitive ages

[image: Table 6. Seven coordination abilities and their relation to sensitive ages]


V. S. Farfel (1960), describes three levels of difficulty in movement coordination.

First level

Performing movements requiring spatial precision; the speed of performing the movements does not matter. In other words, the athlete should strive for accuracy of movements.


	Example: throwing a basketball into a hoop without time pressure; performing an assigned fencing defense at low speed.



Second level

Performing movements requiring spatial precision, at a high speed or in a limited time. In other words, the athlete should strive for accuracy with speed.


	Example: throwing a basketball into a hoop quickly, say from the key within three seconds; performing an assigned fencing defense at a high speed.



Third level

Performing movements requiring spatial precision and speed while adjusting to constantly changing conditions. In other words, the athlete should strive for fast performance of accurate movements in suddenly occurring situations.


	Example: accurately shooting a basketball or passing it to a well-placed player immediately upon receiving it; performing a defense against any type of attack in a fencing match and immediate following with an effective counter. A negative example would be a player who receives the ball and has to stop, look around, and take the time to decide what to do.



These three levels also indicate the proper sequence of practicing new skills: first the athlete works on form of a movement, then speed of the movement, then the movement in changing situations.

Insufficient muscle relaxation after contraction and excessive tonus at work and rest (hypermyotonia) interfere with good coordination and thus with the form, speed, and strength of movements. There are relaxation exercises for each type of tension.

Insufficient relaxation after contraction happens to an athlete who is tired, or under stress, or is not sufficiently skilled at relaxing muscles. Depending on which of the above factors plays a greater role, excessive muscular tension can be reduced by improving sport-specific endurance or mental stability, and by doing the following general relaxation exercises: alternate tensing and relaxing of the same group of muscles, relaxing some muscle groups while tensing or moving another, and performing techniques that require the relaxing of some muscles to be effective. Especially effective for relaxation are the weight exercises in which an athlete can fully relax immediately after the load is removed, for example, rising from a squat with the barbell or doing a clean and jerk and then leaving the barbell on the rack and immediately squatting by loosening the muscles (Matveyev [Matveev] 1981).

The more the above exercises resemble techniques of a particular sport, the greater is their effectiveness. For this reason, an athlete has to perform competitive exercises in such a way as to reduce tension: preceding the exercise with a mental rehearsal focusing attention on the moments where relaxation is required in the practiced technique; learning to relax facial muscles (which leads to overall relaxation); diverting attention from repetitive movements (talking while running); listening to music with a proper rhythm; and practicing techniques while tired, but only to such a degree that it does not impair coordination.

Excessive tonus (hypermyotonia) can be reduced by a systematic and frequent use of loose swinging movements and a shaking of the muscles between speed or strength efforts, as well as by swimming or relaxing in water, by massage, sauna, or warm baths.

The ability to relax muscles at will increases with rational athletic training. Both the time it takes to contract a muscle and the time to relax it are shorter as the level of the athlete rises. Beginners need more time to relax a muscle than to contract it. Athletes of international caliber need less time to relax a muscle than to contract it, but both of these times are shorter than that for lesser athletes.


Table 7. Latent contraction and relaxation times and athletes’ level (Matveyev [Matveev] 1981)
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General Coordination Training

General coordination is developed by learning new exercises for the sake of learning them, regardless of the possibility of transfer to the competition activity. If an exercise’s spatial and temporal form of movement is what makes it difficult to master, then it probably is a good general coordination exercise. Examples of general coordination exercises are elements of ball games, juggling, balancing, dances, skips, and multijumps.

Directed Coordination Training

Directed coordination is developed by exercises stressing the abilities needed in the sport but without actually practicing techniques. Examples of directed coordination exercises for judo wrestlers are exercises consisting of displacing the whole body quickly and requiring good reaction and orientation in space. For boxers these are exercises with a speed ball or fancy rope-skipping steps.

Sport-Specific Coordination Training

Sport-specific coordination is developed by practicing techniques of the sport long after mastering their correct external (spatial and temporal) form. The fine regulation of applied force and perfection of timing are sought.

Sport-specific coordination is perfected by performing techniques from unusual initial positions; with the weaker limb (righthander throwing with left hand, boxing with right guard); with changed speed (slower or faster execution of gymnastic combinations, faster prerun in jumps); with added movements (more turns in a discus throw); with different equipment, apparatus, partners, or opponents; or in a smaller area (in a smaller ring, court, on a narrower support, on a track more densely packed with obstacles).

Coordination Exercises in a Workout

Exercises designed to improve coordination fatigue the nervous system quickly, which is why they should be done in short sets, with frequent rest breaks. The athlete should take a rest break when discoordination appears in movements. Rest breaks can be very brief, only as long as it takes to regain good coordination. Muscular fatigue impairs coordination so the best time for coordination exercises is in the warm-up and at the beginning of the main part of the workout.

Coordination Exercises in a Microcycle

Many coordination exercises do not fatigue muscles much and are fun to do, therefore they can be done in every workout—for example, in a warm-up.

Coordination Exercises in a Macrocycle

Coordination exercises can be done throughout the year. Every year approximately 15% of coordination exercises should be replaced by new exercises (Szczepanik 1987). If no new, unknown exercises are introduced into training, athletes lose the ability to quickly learn new techniques or coordination exercises. Psychiatrist Dr. Paul Newhouse (Chaffee 1999) says, “If we don’t learn things, we forget how to learn new things.”

Wazny (1992c) proposes the following scheme of developing movement coordination in a macrocycle: In the general preparation period, the athlete should be taught various new exercises. In the sport-specific preparation period, a greater proportion of sport-specific exercises should be taught. In the first part of the competition period, the athlete should learn new variants of favorite techniques. In the second part of the competition period, the athlete should perfect the selected variant of the technique in varying conditions. The next physical ability to consider briefly is agility.





10. Agility

Agility is the ability to perform well-coordinated, fluid changes of movements of the whole body quickly (Drabik 1996). Bompa (1994) defines agility as a combination of coordination, power, and speed. It is an expression of the mobility of the central nervous system of the athlete.

The coach measuring agility needs to take into account the difficulty of coordination of assignments, precision of performance, the time between a signal to change movements and the beginning of the response, and the time required for achieving a necessary level of precision (Kukushkin 1983).





Agility Training

Agility is developed by exercises requiring the athlete to change movements of the whole body according to changing situations. Good agility can be expressed only in well-coordinated movements and, apart from good control of the form of movements, it requires precision of perception of the athlete’s movements in space and time (which also include the coordination abilities of spatial orientation and a sense of rhythm).

General Agility Training

General agility is developed by obstacle courses, slaloms, and ball games.

Directed Agility Training

Directed agility, just as with directed coordination, is developed by exercises stressing the abilities needed in the sport but without actually practicing techniques. Directed agility exercises for wrestlers are quick changes of position, for example, on a signal switch from lying prone to supine or doing a somersault.

Sport-Specific Agility Training

Sport-specific agility is displayed in quick changes of technique—for example, a wrestler’s switching from one attack to another quickly, in time with opponent’s reaction. This form of agility is developed by practicing combinations of techniques.

Agility Exercises in a Workout

Exercises developing agility cause fatigue in a short time. They require a maximum precision of muscular sensation and have little effect when fatigue sets in, so the best time for agility exercises is at the beginning of a workout. In the cases of agility exercises that require considerable power, the athlete should be warmed up more than for typical coordination exercises. When developing agility, rest intervals should be long enough to allow for a complete restoration.

Agility Exercises in a Microcycle

Agility exercises, just like a technical workout dedicated to new techniques, should be done on the first day of the microcycle when there are no traces of fatigue from previous workouts.

Agility Exercises in a Macrocycle

General agility exercises are done mainly in the general preparation period and in the transition period. Sport-specific agility is developed in the course of technical training.

The next physical ability to consider is flexibility.





11. Flexibility

Flexibility is the ability to perform movements of any amplitude (extent, or range) in a joint or a series of joints. Greater range means greater flexibility. Flexibility is joint specific. Some joints of an individual can have a flexibility greater than average while some other joints can have less than average flexibility—the same person can have normal mobility in the hip joints but suffer from impingement of the shoulder, and one joint of any pair of joints may be more flexible than the other. Flexibility in a joint is the sum of joint mobility depending on the shape of joint surfaces, the length and elasticity of ligaments, the elasticity of muscles associated with that joint, and in the case of active movements—the ability to combine tensing of the moving muscles with loosening of the stretched muscles.





Kinds of Flexibility

There are three kinds of flexibility:

Dynamic Flexibility.

This is the ability to perform dynamic movements within a full range of motion in the joints. It is best developed by dynamic stretching. This kind of flexibility depends on the ability to combine the relaxing of the stretched muscles with the contraction of the moving muscles.


[image: Figure 10. Example of dynamic flexibility]
Figure 10. Example of dynamic flexibility



Static Active Flexibility.

This is the ability to assume and maintain stretched positions using only the tension of the agonists and synergists while the antagonists are being stretched. For example, lifting the leg and keeping it high without any support. An athlete’s static active flexibility depends on the athlete’s static passive flexibility and on the static strength of muscles that stabilize the position.


[image: Figure 11. Example of static active flexibility]
Figure 11. Example of static active flexibility



Static Passive Flexibility.

This is the athlete’s ability to assume and maintain stretched positions using his or her own weight (splits), or strength not coming from stretched limbs such as lifting and holding a leg with the arm, or other external means. Passive flexibility usually exceeds active (static and dynamic) flexibility in the same joint. The greater this difference, the greater the reserve tensility (flexibility reserve) and the greater the possibility of increasing the amplitude of active movements. This difference diminishes in training as active flexibility improves (Matveyev [Matveev] 1981). Doing static stretching alone does not guarantee an increase of dynamic flexibility proportional to the increase of static flexibility.

Static flexibility may increase when the muscles are somewhat fatigued. This is why static stretching should be done at the end of a workout.


[image: Figure 12. Example of static passive flexibility]
Figure 12. Example of static passive flexibility







Flexibility Training

Flexibility is like strength and endurance, in that it can be brought to high levels by anybody and at any time in a person’s life (as long as the joint surfaces permit normal mobility). If a more than natural range of motion is needed—for example, more than 70 degrees of turn-out (external rotation) in a hip joint, which is desired in ballet—then the flexibility exercises need to be done before the joints are fully formed. In the case of the hip joint, this is before the age of 11 when the angulation of the neck of the thigh bone becomes stable (Ryan and Stephens 1988).

Flexibility, like coordination, also depends on emotions, because of the connection between the cerebellum and the areas of the brain responsible for emotions. This becomes obvious when an athlete (or anyone, for that matter) attempts juggling, balancing, or stretching when emotionally upset. Flexibility increases during excitement and it depends also on the air temperature and the time of day (Marciniak 1991).

Systematic flexibility training slows down and lowers the activity of antagonistic muscles and this speeds up learning the techniques of sprints and hurdles and developing sport-specific endurance (Wazny 1981d).

Flexibility training is position-specific. Research done by Nicolas Breit (1977), comparing the effects of stretching in the supine and the erect position, shows that:

a. subjects who trained in an erect position tested better in this position than subjects who trained in a supine but tested in an erect position; and

b. greater gains were recorded for both groups in a supine test position than in an erect test position. The subjects tested in the erect position had to overcome an extra amount of tension in the muscles they stretched because of the reflexes evoked by standing and bending forward.

Flexibility training is speed-specific because there are two kinds of stretch receptors, one detecting the magnitude and speed of stretching, the other detecting magnitude only. Static stretches improve static flexibility and dynamic stretches improve dynamic flexibility, which is why it does not make sense to use static stretches as a warm-up for dynamic action. There is considerable, but not complete, transfer from static to dynamic flexibility.

Muscles are usually long enough to allow for a full range of motion in the joints. It is the nervous control of their tension, however, that has to be reset for the muscles to show their full length. This is why ten minutes of stretching in the morning makes the full range of motion possible later in a day without a warm-up. This is also why repeating movements that do not use a full range of motion in the joints (e.g., bicycling, certain exercises of Olympic weightlifting, push-ups) can fix the nervous control of length and tension in the muscles at the values repeated most often or most strongly. Stronger stimuli are remembered better, so, for example, Eastern European coaches will not let their gymnasts ride bicycles as a means of endurance training even though they seem to have all the flexibility they need.

There is a popular view that the connective tissue of muscles is the main factor restricting flexibility (deVries 1980; Sharkey 1990). Strenuous workouts slightly damage the fibers of connective tissue in the muscles. Usually these microtears heal in a day or two, and a loss of flexibility is supposedly caused by these fibers healing at a shorter length. To prevent this, some physiologists recommend static stretching after strength workouts. All this sounds very good, but the same gymnasts who are kept from strenuous or long bicycling, run with maximal accelerations to improve their specific endurance. Such running is a strenuous, intensive strength effort for leg muscles, but in running, these muscles work through a full range of motion in the hip and knee joints, and because of that there is no adverse effect on flexibility. If connective tissue were a factor, then stretching after a workout would be enough and these gymnasts could ride bicycles with the same result. The situation with push-ups is very similar. If an athlete does a couple of hundred a day, on the floor, so the muscles of the chest, shoulders, and arms contract from a shortened position, no amount of static stretching will make that athlete into a baseball pitcher or a javelin thrower.

Different stretching methods bring about differing results: dynamic stretching improves dynamic flexibility; static stretching improves static flexibility and, to a limited extent, dynamic flexibility. Furthermore the stretching method the coach chooses—ballistic, static relaxed, or isometric—affects the amount of time to achieve results. The possible changes in connective tissues resulting from stretching by any of these methods do not explain all the differences. These differences are most likely the result of the way a given kind of exercise acts upon the nervous system.

The greatest and fastest gains in developing flexibility are made by resetting the nervous control of muscle tension and length. Except perhaps for pathologies resulting from immobilization, connective tissue does not restrict flexibility.

Strength exercises utilizing the full range of motion in a joint may stimulate the muscle fibers to grow longer and elongate the connective tissue associated with the muscle. A strength increase in extreme ranges of motion (occurring after isometric stretching or after weight exercises done in a full range of motion), seems to be a result of the longitudinal growth of muscle fibers (Fridén 1984).

Stretching the ligaments and joint capsules and ultimately reshaping the joint surfaces takes years and brings about the smallest amount of improvement (Matveyev [Matveev] 1981).

After the required reach of motion is attained, the amount of work dedicated to maintaining flexibility may be reduced. Much less work is needed to maintain flexibility than to develop it. The amount of “maintenance” stretching will have to be increased with age, however, to counter the regress of flexibility related to aging.

Exercises consisting of movements with maximal (for a particular athlete) amplitude are used to develop flexibility. These so-called extension or stretching exercises are divided into active and passive exercises. In active exercises, a joint is made more mobile through the contraction of the muscles passing over it. In passive exercises, forces external to these muscles are used to increase the mobility of the joint.

The first group of exercises includes simple movements (leg raises, trunk rotations), springing movements (ballistic stretches—not recommended), and swinging movements similar to the first ones (simple movements), for example, leg raises done with less control.

The second group includes splits and exercises performed with the help of muscles that are not associated with the joint that is exercised.

Besides the exercises used to develop flexibility, special static exercises, called static active flexibility exercises, are also used. They are intended to develop the ability to maintain the body in an stretched and rigid posture (holding the leg up in gymnastics).

Flexibility in Sports

The principles of flexibility training are the same in all sports. Only the required level of a given kind of flexibility varies from sport to sport.

The flexibility of an athlete is sufficiently developed when the maximal reach of motion somewhat exceeds the reach required in competition. This difference, between the athlete’s flexibility and the needs of the sport, is called “the flexibility reserve.” It allows the athlete to do techniques without excessive tension and prevents injury. Achieving the maximum speed in an exercise is impossible at the extreme range of motion, i.e., when there is no “flexibility reserve.”

In choosing stretches, an athlete should examine his or her needs and the requirements of the activity. For example, a hurdler needs most the dynamic flexibility of hips, trunk, and shoulders. To increase his or her range of motion, he or she needs to do dynamic leg raises in all directions, bends and twists of the trunk, and arm swings. A hurdler’s technique can be perfected by several dynamic exercises done by walking or running over hurdles. The hurdler’s stretch, a static exercise, is useless because it strains the hurdler’s knee by twisting it. Simple front and side splits are better for stretching the hurdler’s legs. The explanation that in the hurdler’s stretch his or her position resembles the one assumed while passing the hurdle is pointless. Dynamic skills cannot be learned by using static exercises, and vice versa. The technique of running over the hurdles is better developed in motion.

Swimmers should have long hamstrings and chest muscles. When doing the breaststroke, if a swimmer goes up and down in the water instead of moving just under the surface, it means that his or her chest muscles are too short. In the backstroke this shortness also causes the swimmer’s face to get under the surface when the arm enters the water, which is when the swimmer wants to take a breath. In the crawl, short hamstrings pull the swimmer’s feet out of the water and make the legwork inefficient.

Gymnasts and acrobats must display a high degree of development of all kinds of flexibility, with greater emphasis on static active flexibility than in any other sport. Training for and displaying static active flexibility requires good strength in the trunk muscles, especially in the lower back.

Wrestlers of all styles need an especially great static strength in extreme ranges of motion to get out of holds and locks. This strength is best developed by isometric stretching and lifting weights, beginning lifts from maximally stretched positions.

A coach should be careful in choosing stretches, however, because too much flexibility in some parts of the athlete’s body can be detrimental to sports performance. For example, in jumping, an excessively loose trunk at the moment of takeoff causes a scattering of forces (Wazny 1981d). Excessive development of flexibility leads to irreversible deformation of the joints, which distorts posture and adversely affects performance (Matveyev [Matveev] 1981).

Some Olympic weightlifters may need to get the habit of tensing, at a certain point of hip and knee flexion, the muscles surrounding the hip and knee joints for the proper execution of lifts. Muscles that are too relaxed at long length let the weightlifter “sink” too deep on the legs while getting under the barbell. This makes it difficult to stand up and complete the lift.

Maximal force production in a bench press, one of the events of powerlifting, is positively related to stiffness of the prime movers (Wilson et al. 1994), so flexibility training could affect it adversely, but performance in a sprint (a speed-strength effort) improves when stretching is included with sprint training (Dintiman 1964). One caution to be observed: The athlete should not do acute stretching just prior to the event.

Types of Stretching Exercises

Flexibility can be improved by doing exercises like running, swimming, and lifting weights as long as an athlete’s limbs go through the full range of motion. Not all athletes can always lift weights or run middle and long distances, though. At some stages of training, these exercises can interfere with the development of their sportspecific form. Properly chosen stretching exercises are less timeand energy-consuming than these indirect methods.

Developing the maximal flexibility permitted by bones and ligaments is one of the easiest tasks in athletic training. With the right exercises it takes little time and effort to maximally elongate muscles that limit the natural range of motion in joints. The choice of the type of stretching exercises (or a combination of types of exercises) depends on the athlete’s sport and the shape he or she is in.

The types of exercises are listed in the order that corresponds to the sequence of performing them in a workout.

Dynamic stretching. Dynamic stretching involves the athlete’s moving the parts of his or her body and gradually increasing reach, speed of movement, or both. The exercises (leg raises, arm swings) should be performed in sets of 8–12 repetitions. An athlete should stop if feeling tired after a few sets. Tired muscles are less elastic, which causes a decrease in the extent of the athlete’s movements. The athlete should do only the number of repetitions that he or she can do without diminishing the range of motion. More repetitions will only set the nervous regulation of the muscles’ length at the level of these less than best repetitions and may cause the athlete to lose some of his or her flexibility. What is repeated more times or with a greater effort will leave a deeper trace in the memory! After reaching the maximal range of motion in a joint in any direction of movement, the athlete should not do many more repetitions of this movement in a given workout. Even if a maximal range of motion can be maintained over many repetitions, it will set an unnecessarily solid memory of the range of these movements. The athlete will then have to overcome these memories in order to make further progress.

Dynamic stretching is not to be confused with ballistic stretching! In ballistic stretches the momentum of a moving body or a limb is used to forcibly increase the range of motion. Ballistic movements are performed at maximum speed and with no possibility of adjusting or correcting the movement once it started. In dynamic stretching (as opposed to ballistic stretching) there are no bouncing or jerky movements and the movements are controlled thoroughly even though they are quite fast. In dynamic stretching the stretch is not sudden, unlike in ballistic stretching.

Practically, the same arm swing or leg swing can be performed dynamically (with control through the whole range of movement), or ballistically (with no control over a substantial part of the movement when the stretch takes place), or as anything in between. Besides perfecting the intermuscular coordination, dynamic stretching improves the elasticity of the muscles and ligaments and changes the surfaces of joints in the process of long-term flexibility training (Matveyev [Matveev] 1981).

Fatigue usually reduces dynamic flexibility, so dynamic stretching is not to be done when the muscles are tired, unless the athlete wants to develop a specific endurance and not flexibility. Stretching is most effective when carried out daily, two or more times a day. Russian researcher Matveev (Matveyev [Matveev] 1981) cites one experiment: One group of athletes did two sessions of dynamic stretching every day for five days, with thirty repetitions per session. Gains in flexibility for that group were twice as great as for the group that followed a regimen the same in every respect except with a day of rest following each working day.

Eight to ten weeks is sufficient to achieve improvement that depends on muscle elasticity. Any further increase of flexibility is insignificant, and it depends on long-term changes of bones and ligaments. Such changes require, not intensive, but rather extensive training, i.e., regular loads over the course of many years (Matveyev [Matveev] 1981).

Dynamic stretches are performed in sets, gradually increasing the amplitude of movements in a set. The number of repetitions per set is 5–12. The number needed to reach the maximal range of movement in a joint depends on the mass of muscles moving it—the greater the mass, the more repetitions. A reduction of range is a sign to stop. A well-conditioned athlete can usually make a set of 40 or more repetitions at maximal amplitude.

Dynamic stretches should be used in the athlete’s early morning stretch (Matveyev [Matveev] 1981) and as a part of the general warm-up in a workout. The movements should be initially slow and then their range and speed should gradually increase. The athlete should not “throw” the limbs, rather, “lead” or “lift” them, controlling the movement along the entire range.

The early morning stretching is done before breakfast and consists of a few sets of arm swings and leg raises to the front, rear, and sides (dynamic stretches). Before doing these raises and swings, all the joints should be warmed up by flexing and twisting each of them. The stretching is done before breakfast because after the meal blood flow in the muscles is diminished, which decreases flexibility, and because doing high leg raises with a full stomach is not good for digestion.

The whole routine can take about 30 minutes for beginners and a few minutes for advanced—after reaching the desired level of flexibility, less work is needed to maintain it. The athlete should not get tired during the morning stretching. The purpose of this stretching is to reset the nervous regulation of the length of the muscles for the rest of the day.

Static active stretching. Static active stretching involves moving the body into a stretch and holding it there through the tension of the muscle-agonists in this movement. The tension of these muscles helps to relax (by reciprocal inhibition) the muscles opposing them, i.e., the muscles that are stretched.

It is difficult to develop static active flexibility to the level of the athlete’s dynamic or static passive flexibility. He or she has to learn how to relax stretched muscles and has to build up the strength of the muscles opposing them so that parts of the body can be held in extended positions. Although this kind of flexibility requires isometric tensions to display it, dynamic strength exercises should also be used for its development. In training to hold the leg abducted (extended to the side), for example, the athlete should keep raising and lowering it slowly in a continuous motion. When more than six repetitions can be done, resistance (ankle weights, pulleys, or rubber bands) can be added.

Isometric stretching. Isometric stretching takes advantage of the postcontractive stretch reflex depression occurring after a strong muscle tension. Tensing muscles prior to stretching causes the following relaxation, and thus the elongation of the muscles, to be greater than when stretching without tensions. Tensing and holding the isometric tension of the stretched muscles at their maximal (at this stage of training) stretch increases the strength of the muscles in this position.

Some isometric stretches take place in positions designed to tense stretched muscles—e.g., side and front split exercises—by the athlete’s placing his or her weight on them.

Isometric stretching is the fastest stretching method. Because of the strong and long tensions in this type of stretching, it should be applied according to the same principles as other strength exercises. Sufficient time for recovery after exercising should be allowed, depending on the athlete’s shape, total volume, intensity, and the sequence of efforts.

Isometric stretches can be done in strength workouts. On days when the athlete is recovering from these workouts, either static relaxed stretches should be done or the last strong and long tension in the isometric stretches should be replaced by just holding the relaxed muscles in the final stretch. In a workout, all dynamic exercises must precede the isometric stretches.

To use isometric stretching an athlete has to have healthy and strong muscles. Without proper strength preparation the isometric stretches may harm the muscles. In isometric exercises, muscle fibers contract and the connective tissue attached to them is stretched. When the connective tissue of a muscle is weak, due to improper strength training, or when it is stretched with too much force, it will be damaged. Depending on the amount of stress this damage can announce itself as muscle soreness or it can amount to a muscle tear (muscle strain). Feeling pain or soreness is a sign to stop exercise, especially all strenuous exercises, including isometric stretching.

While isometric stretching is the fastest method of developing static passive flexibility, it is not recommended for children and adolescent athletes whose bones are still growing. Isometric stretches require several strong, nearly maximal, isometric tensions to depress the stretch reflex to increase the range of motion, and then, in the increased range, the isometric tensions are used to strengthen the stretched muscle. Great tension may stop longitudinal growth of bones (Malarecki 1972; Kus 1977). Preadolescent children are highly excitable and concentrate poorly, and to avoid injury, good concentration is necessary for reading the feedback from stretched and tensed muscles (Drabik 1996).

To develop exceptional strength in extended ranges of motion, as well as flexibility, isometric stretches should be combined with dynamic strength exercises for the same muscles.

Static forms of flexibility are most quickly developed by combining isometric and static active stretching.

Static passive stretching (relaxed stretching). Static passive stretching involves relaxing the body into a stretch and holding it there by the weight of the body or by some other external force. Slow, relaxed static stretching is useful in relieving cramps and spasms.

Doing relaxed stretches, an athlete assumes positions that let all muscles relax. In relaxed stretching there should be as little weight on the stretched muscles as possible. In stretching the legs in splits, this is accomplished by leaning the body forward and supporting it with the arms. Relaxing into a stretch, at some point the athlete will feel resistance. He or she should wait in that position patiently and after a while will notice the ability to slide into a new range of stretch. After reaching the greatest possible stretch (greatest at this stage of training), the athlete should hold it while feeling the mild pain in the stretched muscles. The stretch should be held for a minute or two but not until getting muscle spasms. The stretch can be repeated after a minute.

Relaxed stretches do not cause fatigue and athletes can do them when they are tired. Problems are unlikely. There are two major drawbacks in comparison to isometric stretches: muscular strength in stretched positions does not increase as a result of relaxed stretching; and relaxed stretches are very slow. The same person who, in using isometrics, gets into a full side split in 30 seconds without a warm-up may take up to ten minutes of relaxed stretching (with no warm-up) to get to this same level. Within a couple of months of doing relaxed stretches, this time gets shorter. Eventually it may take from one to two minutes of relaxed stretching to do a full split. (With a good warm-up, of course, it can be done at once.)

In a workout, relaxed stretches should be done last, after isometric stretches or instead of them. Outside of a workout relaxed stretches can be done at any time of the day without any warm-up. Methods of doing all types of stretching exercises are described in detail in Stretching Scientifically by Thomas Kurz (1994).

Injury Prevention and Flexibility

A muscle does not have to be maximally stretched to be torn. Muscle tears are the result of a special combination of a sudden stretch and a contraction at the same time. Great differences in strength between two opposing muscle groups, strength imbalances between these same muscle groups on both sides of the body, as well as a difference of fatigability (muscle endurance) between the limbs are the main causes of injuries (Burkett 1970; Knapik et al. 1991; Orchard et al. 1997; McMaster et al. 1991; Rudy 1987; Tyler et al. 2001).

Improving the strength and endurance of weaker muscles is the best prevention of injuries. A careful analysis of the form of movement may also hold the key to injury prevention. A good technique feels effortless. Those moments in a technique should be eliminated in which the maximal tension of already stretched muscles is used to counter the fast movement of a relatively big mass. Such movements may lead to tears in the muscles of a supporting leg in kicking, for example. Likewise, accelerating suddenly against great resistance may lead to a hamstring tear in starting from the starting blocks. Great flexibility alone will not prevent injuries.

If one muscle group, or the muscles of one limb or side of the body are more tensed than other muscles, it may be a sign of a nerve problem or of misaligned bones. For example, a twisted pelvis will cause one hamstring to be more tensed than the other. Stretching overly tensed muscles cannot fix the cause of their abnormal tension. In this example, it neither realigns the pelvis nor addresses the cause of this misalignment, which can be neurological or mechanical. While stretching may make the athlete temporarily feel better, it will not remove a threat of potential injury. This is why static stretching before working out does not prevent injuries.

General Flexibility Training

General flexibility training has the goal of developing enough range of motion in all joints for comfortably performing general exercises for the development of other abilities.

General flexibility may be developed by various dynamic, static, and static active stretches of a different form than the athlete’s sports technique. It may also be developed in the course of performing any general exercise with stress on the range of motion—for example, running with an elongated stride or throwing a ball using the full range of motion in the shoulder joint.

Directed Flexibility Training

Directed flexibility training may be defined as increasing the range of motion of those joints that are most stressed in a given sport with exercises of an appropriate dynamic character.

The range of motion alone does not transfer directly among types of stretching exercises. For example, a person being able to do splits does not automatically kick at the same range of motion as he or she can display in a split, and vice versa, a kickboxer or karate fighter may kick at a greater range of motion than what he or she can reach in a split. The directed flexibility exercises for kickboxers and karate fighters, therefore, are dynamic leg raises because these athletes need mainly dynamic flexibility of the hip joints. Swimmers develop the dynamic flexibility of their shoulders, lower back, and ankle joints; hurdlers develop the dynamic flexibility of their hip joints and lower back; and gymnasts develop all three types of flexibility, especially in their hips and lower backs.

Because directed flexibility exercises are of the same dynamic character as the competition activity, there is a considerable transfer from directed flexibility to sport-specific and competition activity.

Sport-Specific Flexibility Training

Sport-specific flexibility is best developed by performing techniques with stress on the range of motion, so hurdlers “brush” increasingly higher hurdles, judo or sambo wrestlers do low fit-ins for judo or sambo wrestling throws, and kickboxers practice high kicks.

Flexibility Exercises in a Workout

Dynamic stretches should be done right after waking up as the morning stretch, and later, at the beginning of a workout, as part of a warm-up. Static stretches should be done after dynamic exercises, preferably in a cool-down. If an athlete needs to display static flexibility in the course of a workout or event, then these exercises should be done at the end of the warm-up.

No isometric stretches are to be done in the morning stretch. Isometric stretches may be too exhausting for the muscles if done twice a day.

Dynamic flexibility exercises should be done after the exercises designed to raise the body temperature and the blood flow in the muscles because flexibility improves with an increased blood flow in the muscles. The athlete should then do dynamic flexibility exercises for about 10 minutes before the sport-specific part of his or her warm-up—for example, technical exercises. In sports demanding displays of passive flexibility, passive flexibility exercises can be done after the dynamic ones. In other sports, passive exercises are to be done in a cool-down at the end of the workout.

Doing static stretches before a workout that consists of dynamic actions is counterproductive. (The above caution applies to a single workout and not to long-term training. A long-term [3–12 weeks] stretching program may improve strength performance [Dintiman 1964; Kokkonen and Lauritzen 1995; Worrell et al. 1994].) For several seconds following any type of static stretch, top agility or maximal speed are impaired because the muscles are less responsive to stimulation—an athlete’s coordination is off. Static stretches impair the activity of tendon reflexes—several 30-second static stretches of calf muscles reduce the peak force, the force rise rate, and the half relaxation rate of the Achilles tendon reflex (Rosenbaum and Hennig 1995). Maximal force production is impaired for several minutes after strenuous static stretching. Kokkonen et al. (1998), showed that maximal force in knee flexion declined on the average by 7.3% and in knee extension by 8.1% after six 15-second static stretches even though 10–25 minutes passed between stretching and strength tests. Maximal force of the legs may decline less or not at all if an athlete walks for a few minutes following static stretching and prior to resistance exercise, an inadvertent revelation due to poor design of a study by Morgan (2000). Reduction of muscles' activation, or imbalance in their activity, that follows static stretching is more likely to cause an injury than a reduction in strength (Murphy 1991). If an athlete tries to make a fast, dynamic movement immediately after a static stretch, he or she may injure the stretched muscles.

The goals of the warm-up are an increased alertness, improved coordination, improved elasticity and contractibility of muscles, and a greater efficiency of the respiratory and cardiovascular systems. Static stretches, isometric or relaxed, just do not fit in a warm-up. Isometric tensions will only tire an athlete and decrease his or her coordination. Passive, relaxed stretches, on the other hand, have a calming effect and can even make an athlete sleepy.

When the main part of the workout is over, it is then time for the cool-down and final stretching. Usually static stretches are done then. Static active stretches—the most difficult stretches, which require a relative “freshness”—should be done first. After achieving the maximum reach in these stretches, an athlete can move on to either isometric or relaxed static stretches, or do isometric stretches first and then follow them with relaxed stretches. Only one isometric stretch should be done per muscle group. It should be repeated 2–5 times, using as many tensions per repetition (attempt) as it takes to reach the current (at this stage of training) limit of mobility.

Flexibility Exercises in a Microcycle

Flexibility exercises, except the isometric stretches, do not require lots of energy and can be done every day. Dynamic flexibility exercises are recommended to be done twice a day, every day (Ozolin 1971).

Flexibility Exercises in a Macrocycle

Most of the development of flexibility has to be achieved in the preparation period. In the competition period flexibility is maintained rather than developed (Marciniak 1991), because intensive competitive exercises stress the muscles enough. Visible progress in flexibility is made from day to day, so with rational training reaching the full potential range of motion takes at most a few months. While flexibility can be improved quickly, it also is lost quickly. Not doing full-range-of-motion exercises for a few days causes a noticeable loss of flexibility.

This concludes the section on developing physical abilities. Next to consider is the development of skills.





PART III
DEVELOPING PHYSICAL SKILLS AND MENTAL TOUGHNESS

Skill training, or technical and tactical training, is impossible without a sufficient level of physical abilities. The greatest mastery of technique and tactics will not help the athlete whose low endurance slows him or her down and makes him or her vulnerable to an opponent’s actions. Naglak (1979) in his definition of technique stresses the unbreakable connection of skill and physical ability: “[Techniques] are actions of strictly defined movement structures and necessary level of physical abilities.” (The term movement structures refers to the positions, paths, and velocities of movement of parts of the body, and the rhythm and pace of those movements.)

Skill training and developing abilities are closely tied in the training process. All aspects of training (skill, conditioning, psychological) are often accomplished within the same exercise and are considered separately only for the convenience of analyzing the sports training.

In this part of the Science of Sports Training, all facets of developing technique, tactics, and mental toughness will be considered.





12. Technique

Technique is whatever scores. In sports in which judges subjectively evaluate performance—for example, in gymnastics or ice skating—techniques are the standardized ways of moving. In sports where results are measured in units of time or distance, such as track and field, or in units of mass or weight, such as weightlifting, technique is a way of moving that permits the athlete to use his or her physical abilities to the fullest. In team games and contact sports technique is truly whatever scores—during a contest athletes occasionally come up with an ad hoc solution that, if effective, may later be copied and practiced.

The purpose of technical training for an athlete is to learn and perfect the technique for competition and training actions. Technical training can be divided into general technical training, directed technical training, and sport-specific technical training. General technical training refers to learning techniques of the exercises that are used to develop general physical abilities or skills, or are used as a means of active rest. Before an exercise can develop physical abilities, the athlete has to learn its correct execution. Directed technical training refers to learning techniques of directed exercises—different in their structure from competitive actions, yet forming the immediate foundation for sport-specific skills. Sport-specific technical training refers to learning techniques of competitive actions.

Technical training is to make the athlete a master of the technique and not its slave. The athlete must be ready to change or discard any technique if research or experience shows that it is inefficient or unsuitable for him or her. The attachment to particular tactics, techniques, forms of movement, or training methods without regard for their effectiveness and suitability for an athlete is counterproductive. The biomechanical characteristics of the ideal technique change depending on the athlete’s changing physical and psychological abilities, with the result that the same technique, performed by the same athlete at various stages of his or her athletic career, will differ from its previous versions.

An effective technique, in cyclic as well as in acyclic sports, is characterized by:

1. A smooth blending of all phases of movement

2. A proper rhythm of movements in the technique

3. Precision of movement

4. Predictability of results

5. Anticipation of changing circumstances

1. A smooth blending of all phases of movement. In acyclic techniques the phases of movement are the preparatory phase, the main phase, and the final phase. Well-mastered movement is always smooth. This smoothness depends on good coordination and results from a great economy of movement. A continuity of movements and a proper succession of applying forces—not only muscular, but also gravity, inertia, and reactive forces—are necessary for techniques to be effective. So, for instance, if at some point in shot-putting the movement is slowed down, the effect of the previous movements is lost. It is important before the end of the action of one muscle group for another group to switch in so the following movements are performed at a mounting pace. This happens when each force begins to act in the place and at the moment when maximum movement velocity, caused by the action of the previous force, has been reached.

2. A proper rhythm of movements in the technique. This is a measure of the coordination of the duration of individual phases of the exercise. Rhythm integrates individual phases of movement into one coordinated action. The duration of each phase of a movement (technique) influences its efficiency. Mastery of the technique means the proper, which is to say the most efficient, rhythm of alternation of muscular tension and relaxation in the phases of movement.

3. Precision of movement. Movements that make up the technique must reach their goals in a strictly defined fashion, with a precisely defined velocity and path.

4. Predictability of results. Thanks to proper practice, the athlete, before and during any action, can predict the sequence and outcome of movements at crucial points of the technique.

5. Anticipation of changing circumstances. To effectively carry out techniques in the changing circumstances of team games or individual contact sports, the athlete has to accurately anticipate the actions of opponents, partners, and movements of equipment (ball, puck). Accurate anticipation depends on good tactical thinking and knowledge of the situations. In any given situation, the opponent or partner has a limited choice of actions, which facilitates anticipation by the athlete who recognizes the situation.

The choice of exercises used to develop or perfect any technique must take into account the needs of the individual athlete and the way this technique is going to be performed. Many technical exercises used today were developed when the technique was different than today’s standard. For example, judo wrestling’s shoulder throw as traditionally demonstrated (Kano 1986) has little resemblance to the shoulder throw as performed today. In the old form, after pulling the opponent forward and rotating the back toward the opponent, the “thrower’s” center of gravity was just below the opponent’s center of gravity (below the waist level). Today, specialists in performing this throw squat as low as possible, or even kneel. They pull so explosively with their arms that their hips, simultaneously descending at or below the level of the opponent’s knees, do not contact any part of the opponent’s body. The exercises that were suitable for practicing the old standard form are harmful if used as a drill for the modern version. If done correctly, performing incomplete throws (uchi-komi)—which was, and still is, the traditional method of perfecting all throws—in the modern version of the shoulder throw may overstress the back of the athlete because the training partner who is pulled strongly, but not thrown over the shoulders, will fall on top of the squatting thrower. Usually when thoughtless judo wrestling coaches have their athletes, who do this throw in its modern form, practice it using traditional uchi-komi, the athletes instinctively cheat—faking the pull (kuzushi). It spares them from back injuries but also develops a weak, flawed technique.
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Figure 13. Two forms (old—upper row; modern—lower row) of the judo shoulder throw (seoi-nage)







Technical Training

It must be within an athlete’s ability to overcome the degree of difficulty of a new technique. This depends on the number of new skills involved, the possibility of a positive transfer of already mastered skills, and the level of physical and mental abilities required. The ability to continually learn new techniques or their variants depends on the athlete’s coordination and on his or her store of physical skills. The development of a new technique must be coordinated with the development of the physical abilities supporting it. Some techniques do not work if done with less than a certain speed, precision, and strength, or without a certain height of jump. So, in a macrocycle in which a particular technique is being developed, the required abilities must be developed first to avoid learning an improper form of the technique. In the meantime, the athlete may work on those elements of the technique that can be perfected before reaching the level of ability necessary for learning the whole technique. Breaking up a technique into separate elements (the analytic method of learning technique) can be used without distorting these elements mainly when the competitive exercise or technique consists of relatively independent elements joined by distinctive junctions.

The first step in learning a new technique is seeing or imagining it. If an athlete learns a technique that already exists, then the demonstration (personal or using pictures and video or film) is easy. When a technique has never been performed, then, depending on resources, the coach can use drawings or models, or generate computer images. Apart from creating the visual image, the athlete may learn the “feel” of the technique on special training devices (simulators, spotting, trampolines). Combined sensations from previous experiences, visual images, and kinesthetic sensations learned on simulators are used by the athlete when initially putting the whole technique together mentally in ideomotor exercises.

The next step is deciding what exercises will be best. In cyclic sports, the simplicity of the elements of technique and the fact that they can’t be separated makes it necessary to use only exercises that recreate the whole technique (the synthetic method of learning technique). If some elements of the technique need to be altered to make it better, a coach can make the desired changes in these elements of technique by setting special tasks to be performed while doing the technique. For example, by using marks on the track, or light or sound pacers, the coach can change the frequency and length of a runner’s stride.

In acyclic sports some techniques are so complex that, in order to teach them, a coach has to use exercises that recreate only parts of the whole technique—for example, elements of the javelin throw such as prerun, cross-over, and the actual throw; or in the hammer throw, the rotations and the release. These are examples of the analytic method of learning technique, and exercises for this method must be chosen carefully. Certain phases of technique cannot be separated—made into individual exercises—without distorting the character of these phases of technique and thus making it difficult to put these parts back together. In the high jump the athlete should not practice the approach run without the takeoff because the speed, rhythm of movements, and radius of the approach depend on the individual’s technique of takeoff. In the long jump, practicing sprints may develop the velocity of running, but the velocity of running is only one of the elements of the approach that contributes to a good jump. Sprinting does not teach an athlete how to develop maximal velocity at the moment of takeoff and how to hit the board accurately. Breaking up shot put or discus throw into phases and practicing them separately may cause the bad habit of stopping at the end of the slide (for the slide style of shot put) or rotation (for discus or the rotation style of shot put), losing momentum instead of building it up continuously from the beginning until the release.

In gymnastic combinations, ball games actions, and combinations in individual contact sports that consist of fairly independent elements, practicing these elements separately does not have such adverse effect and does not cause difficulties when putting these elements together.

To overcome the adverse effects of practicing separate elements of a technique, a coach can use exercises imitating the whole technique—for example, without equipment—and keep altering the partial exercises (vary the initial or final position or both, or vary the task). Exercises imitating the technique in conditions of lower difficulty should not be excessively easy because this can lead to a formation of the skill without application in learning or performing the actual technique.

When teaching whole techniques or their phases, the coach should set a task for each movement, establish the initial and the final position of the body (or bodies) or equipment, and then find a way of accomplishing the task or changing the position. The athlete has to establish “control points” of the technique or of the technical exercise, so as to get both the immediate task for each phase of movement and the feedback needed to correct the movement. As the technique is perfected, the athlete’s attention shifts from its details to its one decisive phase. The result of the technique depends on which phase or element the athlete concentrates on. For example, in the long jump concentration on speed gives better distance than concentration on the force of push-off.

The coach should not tell the athlete how to perform all the details of the technique. He or she should only explain principles and show possible solutions, so the athlete can find the form of technique that most suits his or her mental and physical characteristics. If techniques are taught in the proper sequence, so the new ones build upon the ones that are already mastered, the versatile and well-coordinated athlete will mostly use the synthetic method of learning rather than relying on partial exercises (the analytic method).

In individual contact sports and in team games, learning techniques independently from tactical situations is methodologically unsound.

An important part of teaching technique is using the exact name—one that conveys its essence—giving clear and vivid descriptions for phases of the technique, explaining the rationale behind them, and making sure that athletes understand the difference between similar techniques and the advantages of different versions of the technique. Accurate description and proper nomenclature help athletes perceive and understand what they do when learning the technique as well as quickly and accurately perceive and understand an opponent’s tactics (Czajkowski 1997b). To illustrate the importance of proper explanation and nomenclature, Czajkowski (1996) gives an example of a fencer who knows the proper nomenclature and functions of fencing techniques and therefore differentiates between real attacks and feints, set-ups for single and for combined attacks, and attacks designed to elicit a desired counter (attacks in the second instance). Such a fencer anticipates and counteracts an opponent’s actions better than a fencer who has to rely on conditioned reflexes without understanding and anticipating the actions.

As the athlete learns a technique, he or she goes through the following stages of mastering it:

Stage 1 mastery

1. The first stage is characterized by overly restrained movements, caused by involving more muscle groups in the movements than needed and tensing the muscles excessively, and by the performance of additional movements—this poor economy of movements is caused by a generalization of excitation in the central nervous system. At this stage using the proper nomenclature, accurate descriptions for phases of the technique, and explanations of their functions are essential for forming the proper image of the technique.

Learning is faster when people consciously verbalize the actions just demonstrated and explained before they perform them. Not only that, but both the retention and consistency of correct performance are higher (Nawrocka 1967).

Beginners should practice technical skills with a lowered intensity of the efforts because a too intensive flow of impulses from the working muscles causes a spreading of stimulation in the central nervous system that interferes with the reception of phases of tensing and relaxing muscles (Naglak 1979). The overexcitation interferes with the optimal tensing and relaxing of the muscles, and the lack of precise feedback from the muscles during intensive exercises results in imprecise movements.

The first stage of learning may be very short, or impossible to notice in properly trained athletes. Their general and versatile background causes very little or no generalized excitation in the central nervous system because the new technique contains elements of previously mastered movements. They start learning at the second stage (Naglak 1979).

Stage 2 mastery

2. The second stage is characterized by increasing precision and a greater economy of movement that lowers the level of metabolic changes caused by performing the technique. The improvements are caused by a gradual concentration of the excitation in the appropriate centers of the central nervous system. At this stage, the sequence of the processes of excitation and inhibition in the central nervous system begins forming. Firm habits are not yet formed. The athlete should pay attention to the details of the technique. Verbal descriptions or directions about the technique are given before attempting the technique, and while performing it verbal corrections can be used to point out the proper movements and the unnecessary movements.

Stage 3 mastery

3. The third stage is characterized by an automatization of movements without a verbal qualification of these movements by the athlete. The technique becomes increasingly stable and precise. Further improvement in the economy of movement allows for a greater number of repetitions.

Stage 4 mastery

4. The fourth stage of mastering the technique, when this technique is established as a firm habit, is dedicated to perfecting it in varying conditions and in various combinations. This leads to a greater precision and reliability of the technical habit.

As skills become habits, the superfluous movements disappear, conscious control of the technique is lowered, muscular tension is reduced, and feedback about the action is reduced—all of which can lead to performing it unknowingly. In learning the technique, and then forming a skill, verbal descriptions and corrections accompanying the demonstration are needed. At the habit stage, verbal descriptions are out.

Practicing individual contact sports techniques in slow motion, with and without resistance, and at maximum speed with and without resistance, can lead to such perfection and automatization of the techniques that the athlete can apply them when appropriate without being aware of it during the action. After the action—for example, a judo throw—the athlete may have a visual recall of the opponent’s action that led to the performance of a technique, but no recall of the particular technique he or she used. There is nothing wrong with such a level of automatization if it does not lead to a passive, stalking kind of fighting, relying on the opponent to trigger the action. Such passive tactics are unreliable because only so many techniques can be automatized to such a degree and nonstandard opponents or tactics may render them useless. With aggressive, take-charge tactics a lesser degree of automatization is sufficient so that the athlete is still aware of the action.

Techniques of sports that require divisibility of attention and quick selection of a suitable action in response to surprising situations should be perfected under such conditions as soon as the proper form of movement is learned. If technical errors occur, only initially should the correction be done in conditions in which the athlete can concentrate on the proper form of movement only. Then the corrections have to be done under conditions resembling competition because eventually the athlete has to apply the technique paying attention to the situation and not to his or her form of movement. This is why technical errors cannot be removed by technical exercises only (Czajkowski 1991a).

Technical skills to be effective ought to be stable, plastic, adjustable, and reliable.

A stable skill can be consistently demonstrated or applied without detrimental deviations from the correct form.

Stability of a skill is most quickly developed by frequent workouts consisting of multiple repetitions of the technique in standard conditions (the same partners, equipment, or apparatus), without fatigue or distractions. Only a flawless technique should be stabilized, and not any more than what the sport requires. In individual contact sports and in ball games, a technique that is too stable causes problems because of the constantly and unpredictably changing conditions of competitions. In gymnastics, however, a great degree of stabilization is required.

Wazny (1981c) cautions against developing excessive stability of technique by training always in the same conditions because it leads to failure in case of even a small change of these conditions during the contest. For example, a long jumper who practiced on a perfect track, covered from wind, and in good weather, had good results only if competition was held in such perfect conditions. Any changes from training conditions caused deterioration of the technique. This observation has been made in other events of track and field and in other sports. The coach of Jacek Wszola, who won the Olympic gold in high jump in 1976, knew that it is likely to rain in Montreal during high jump competition so he had Wszola practice in the rain. Wszola was not the favorite for the Olympic gold. There were more accomplished jumpers but Wszola was best in Montreal’s rain.

Plasticity of a skill is the ability to alter and improve it in the course of training. It requires good coordination and overall versatility. Premature specialization does not allow for the development of sufficient versatility. As a result of a premature specialization the techniques may become rigid—impossible to alter and improve.

Adjustability of a skill is the ability to adjust it ad hoc to the changing conditions or actions of the opponent. It requires technical versatility, familiarity with many techniques related to the one being used, quick reactions, and a good feel for action, equipment, or an opponent.

To make a technique sufficiently adjustable, athletes use exercises with strictly regulated variation and exercises with unpredictable variation. Exercises with strictly regulated variation include an execution of the technique from a different initial position, with greater resistance, in various technical combinations, or with a different task. Exercises with unpredictable variation can be regulated to a various degree, but not so much as to exclude unknown factors (free sparring, practicing game combinations with opponents, performing a technique in adverse weather).

The reliability of skills depends on their stability and adjustability, and on such athletic abilities as sport-specific endurance, mental stability, and good coordination. In speed-strength sports, reliability of skills is considered sufficient if the athlete performs the skill at least at 95% of the best personal result in 70–80% of the total attempts (Matveyev [Matveev] 1981). In endurance sports, reliability of skills depends on sport-specific endurance. In cyclic sports, it is developed by performing the technique (or competitive exercise) over a longer distance than the competitive one or, by increasing the number of repetitions of the exercise while reducing rest intervals. This last method is also used in acyclic sports. When using these methods for improving sport-specific endurance, and thus, the reliability of technique, one should not allow the athlete to become so tired that the technique is distorted. At certain stages of developing technique, fatigue—if it is not excessive—helps to perfect coordination and economy of movement. For example, as fatigue sets in, the energy expenditure of long-distance runners may be reduced by 5–6% without any reduction in the speed of running (Matveyev [Matveev] 1981).

To develop reliability in conditions of great mental and emotional tension, athletes are distracted by various means during some regular technical workouts and during model technical workouts. These workouts recreate the conditions of competitions, with judges that may not be impartial, and with a hostile public.

As soon as the technique is stabilized, before the end of the preparation period, actual competitions of minor importance are also used for developing technical reliability. The techniques that are to be perfected by frequent participation in competitions must be stabilized, because if they are not stable, athletes will revert to their old skills under the stress of competition. In the competition period, at the stage of immediate preparation for the major competition, top athletes may compete every day to develop an “immunity to interference.”

Coordination and Technique

Such basic elements of coordination as balance, sense of rhythm, and orientation in space decide the quality of the technique and are developed in specialized forms in the course of technical training.

Balance is perfected by assuming unstable stances and by exercises that make it difficult to maintain an otherwise stable stance. Apart from developing the sensitivity of the athlete’s analyzers (visual, vestibular, kinesthetic) and an ability to adequately react to information coming from them, the athlete must know the biomechanical characteristics of the stance. For example, the stability of leg stances on the balance beam is best regulated by slight movements of the ankle joints, and not by movements of whole body; in a handstand balancing is done with fine adjustments in the shoulders while the rest of the body is rigid.

Sense of rhythm. To properly integrate elements of a new technique, the athlete must know its standard rhythm. Later, when the technique is already mastered, the athlete may alter the rhythm to suit his or her needs. To learn the standard rhythm, athletes pay attention to rhythm while watching perfect executions of the technique, watch video or film of the technique shown at normal and slower speed with a soundtrack reproducing the rhythm of movements, and try to reproduce the rhythm by counting or beating out its time.

Spatial orientation, or the sense of space, is perfected by exercises that require an increasingly greater accuracy of differentiation between the spatial characteristics of movements and their outcome. In team sports the accuracy of passing the ball and of applying an exact amount of force behind it is developed by a method of “approaching assignments” (Matveyev [Matveev] 1981). It involves initially sending the ball or puck alternately at dissimilar distances (“contrasting assignments”), for example, 25 and 45 meters (80–150 feet), 30 and 50 meters (100–165 feet), and then at gradually more similar distances, differing by 5 meters (15 feet) or less (“approaching assignments”). The accuracy of shots at the goal or throws into the basket is developed in a similar way, either by changing the size of the goal or the distance from the basket. In individual contact sports, athletes develop the ability to accurately (within 1 centimeter) evaluate the distance from the opponent by sparring with partners of different height and arm’s reach. In gymnastics, and in sports where standard exercises are performed on a standard apparatus, spatial orientation depends mainly on the athlete’s accuracy of estimating his or her position, direction, and amplitude of movements. Exercising with closed eyes (to improve kinesthetic sense), on special stands, with spotting, putting marks on the apparatus, suspending targets to be hit in various techniques, and other means of immediate feedback are used to perfect the ability to accurately reproduce movements and develop a sense of space.

The methods for improving precision of movements must be chosen carefully so as to avoid situations where one aspect of the technique is perfected while another deteriorates. For example, improving spatial orientation and balance at a reduced speed may result in learning an improper speed and rhythm of the movement.

Immediate Feedback in Technical Training

Accurate and readily available information about a performed exercise permits correction or improvement before the less-thanperfect form of this exercise is permanently recorded in memory. “The sooner you discover your faults, the sooner you can correct them” (Ulatowski 1979). An athlete who is getting immediate information about the parameters of a movement can compare it to fresh sensations of the movement and immediately correct the movement. Quickly providing quantitative information about the parameters of a just-completed movement, combined with subjective attempts at evaluation of these parameters, leads to an increasingly precise apprehension of sensations. Even greater in importance is the information received during the movement because it allows for corrections to be made as the movement is performed and enforces correct form. The greater the awareness of the temporal and spatial characteristics of the movement, the easier it is to control it (Farfel 1964b).

Feedback is used to teach runners, speed skaters, or cross-country skiers how to at-will change the running speed, the length of strides, and their frequency. The athlete runs a distance with an assigned, but not maximal, pace. The time of covering the distance and the number of steps are measured. The length and frequency of strides are figured out, and the athlete is told these numbers. The distance is covered many times, during several workouts, and the athlete is asked to make adjustments in the running speed by changing either the length or frequency of strides, or both. After each try the athlete compares his or her subjective evaluation of the outcome to the objective data. If the athlete makes a mistake, he or she repeats the try, attempting to correct it until adjustment is right (Farfel 1964b).

Revzon (quoted from Farfel 1964b) has found that simple repetition of the same task, with the same parameters, is much less effective than when the parameters vary widely. Starting with assignments that reach parameters of a movement that vary widely with every try, the coach assigns parameters that are increasingly similar (this is much like the method of “approaching assignments” used for developing spatial orientation), and continues to inform the athlete about the accuracy of each try. Eventually this leads to an ability to very precisely differentiate the parameters. This method can be used to teach “hitting the board” in the long jump. Applying a similar approach to teaching the long jump to high school pupils, Revzon did not require them to make a maximal distance, but to accurately land at various, less than maximal distances. Informing the pupils about the actual length of the jump, and the difference from the assigned distance, led to a greater skill in adjusting the length of jump. This skill influenced increase of the maximal distance.

This method can be used to develop control and improve reaction time and the speed of movement. In training fencers (épée), an electrical circuit measuring the time elapsed between the signal to start a technique and the contact with the target, was used to teach fencers to react not with maximal speed but with assigned speed appropriate to the situation. The fencer’s subjective evaluation of the amount of time between the signal and the hit was compared with the real time. Fairly quickly the subjective evaluation and the objective data became close and fencers were able to perform the task with 0.01 second accuracy (Tsygankov quoted from Farfel 1964b).

Dynamometers or piezoelectric sensors showing boxers the force of a punch teach them to put only as much effort into a punch as is needed. Throwing punches that are just enough to get the result (KO, point, reaction, pain) spares energy because a small increase of mechanical power requires a disproportionally greater increase of effort. (This has been quantified in some sports. For example, in running, the requirement of oxygen during a run grows with the cube of speed [Fidelus 1989].) Besides, punches of maximal force do not necessarily result from what a boxer perceives to be the greatest effort or greatest mobilization.

In swimming, piezoelectric or pneumatic sensors attached to each limb inform about the duration, force, and frequency of movement.

General Technical Training

General technical training has to form the store of skills and the knowledge necessary for developing abilities and learning techniques of the selected sport. General technical training provides the athlete with “movement erudition.” Learning of a sport’s techniques is easier if the skills formed in the course of general technical training are included in sport-specific skills (techniques). This is called a positive transfer of skills. For example, a number of gymnastic techniques are used in the process of learning to pole vault or to figure skate.

The athlete’s general technical training consists of learning techniques of the exercises used for developing his or her general physical abilities or skills, or that are used as means of active rest. To use gymnastic techniques to prepare for the pole vault, the athlete has to learn these techniques; to use weights for strength development, the athlete has to learn the technique of lifts; to use swimming to develop endurance or as active rest, the athlete has to learn swimming strokes.

Directed Technical Training

Between general and sport-specific technical training it is possible to distinguish directed technical training. This consists of learning techniques of directed exercises of the sport—those exercises that differ in their structure from actual competitive techniques but are used in warm-ups, as lead-up drills for techniques of the sport, and as conditioning exercises that are nearly exclusive to the sport. Examples of such exercises are juggling the kettlebells in Greco-Roman and freestyle wrestling; directed strength and agility exercises for groundwork in judo wrestling; speed bag skills for boxers.

Sport-Specific Technical Training

The task of sport-specific technical training is the forming and constant perfecting of skills that allow the athlete to use physical abilities to the fullest in competitions. This task is realized in stages: learning the basics of a sports technique, individualizing its forms depending on the athlete’s individual predispositions, forming the movement and mental skills for its successful performance in current competitions, transforming the skills into habits, transforming or renewing the forms of technique according to the athlete’s changed abilities, and creating new techniques as the athlete attains a sufficiently high level of mastery.

Realization of the tasks of any aspect of an athlete’s sport-specific training is inseparable from realization of the tasks of the sportspecific technical training (Matveyev [Matveev] 1981).

Technical Exercises in a Workout

Learning new, or perfecting known techniques demands total concentration. Most often proper execution of a technique requires a high level of strength or speed or both. For this reason, technical exercises should be done at the beginning of a workout, right after the warm-up.

The effectiveness of the exercises developing the technique is determined by the correctness of the movements learned and not by the amount or quality of fatigue. This decides the length of a rest interval between exercises and the number of repetitions of technical exercises in a workout. If, at the initial stages of learning a technique, athletes are allowed to get tired, the fatigue will alter the technique and the incorrect technique will be learned, perhaps permanently.

In a single workout only one new skill should be taught. Evidence from recent neurological research proves the soundness of limiting teaching skills to one new skill per workout.

Until now the reasons for doing so were only the practical experience of coaches and guesses about what happens in an athlete’s mind during and after a workout in the course of learning.

Many of these reasons are explained by Józef Drabik (1996), in Children and Sports Training. This book has a lot of information on the methods of technical and tactical training because laying a good foundation of essential skills must happen at the beginning of a sports career. Here are some reasons for teaching one skill per workout:


	It allows for arranging warm-up exercises so the athletes warm up just right for this one skill.

	It gives athletes time to grasp the skill and digest the information and then apply the results of their deliberations in their next workout.

	It keeps the athletes practicing rather than standing and listening.



Apart from these obvious reasons, research now reveals one more: It takes several hours after learning a new skill for the neurological changes needed to move it to permanent memory. If during that time another new skill is taught, then the first skill might be erased.

Research by R. Shadmehr and H. H. Holcomb (1997) shows that it takes six hours after completion of practice for the changes in the brain needed to make the learning permanent. Those subjects who learned one new skill and immediately began learning another skill lost proficiency when tested on the first skill.

Earlier research by T. Brashers-Krug, R. Shadmehr, and E. Bizzi (Brashers-Krug et al. 1996) shows that four hours must elapse between learning two skills to prevent disruption of the first skill.

So, to keep a skill from being disrupted, athletes should do exercises that they are thoroughly familiar with—skills that they have mastered or conditioning exercises. After learning a new footwork pattern, for example, boxers can spar, work on the timing ball or speed bag or heavy bag, jump rope, or run—as long as they can do it “habitually” so that none of these activities involves learning any new skills.

What about teaching (or learning) two similar skills? It is a bad idea! Not only can learning be slowed down but also the skills can get mixed up.

Limiting instruction to one technique or variation at a time helps retain the skill. Although it may seem to slow down the pace of learning, this measured rate of instruction actually facilitates progress because each skill is learned more reliably.

Technical Exercises in a Microcycle

The frequency of performing technical exercises is more important for proficiency then their total volume; so short frequent workouts are better than long infrequent ones. Technique ought to be practiced as often as it is possible without adversely affecting the athlete or the technique. “As often as possible” does not have to mean every day. Naglak (1979) points out that concentrating every day on perfection of a skill may be one of the components of mental fatigue.

Usually one or two major technical workouts (in which most of a workout is dedicated to technique) are done in the first days of the microcycle, so fatigue does not interfere with formation of correct and lasting habits. One workout can be done at the end of the microcycle, when the athlete is tired, to learn how to use the technique in adverse conditions. In this workout only well-mastered techniques should be practiced.

Technical Exercises in a Macrocycle

New skills and new exercises should be introduced throughout the year, in varying proportions, of course, to keep workouts interesting, to improve the ability to quickly learn new techniques or coordination exercises (see “Coordination Exercises in a Macrocycle” in chapter 9), and to take advantage of overlearning (Czajkowski 1998b).

While athletes should learn new skills in all periods of a macrocycle, in each successive period of a macrocycle different tasks for technical training are emphasized. Matveev (Matveyev [Matveev] 1981) gives the sequence of these tasks.


	In the general preparation period, the main task is to learn mostly new techniques or develop better versions of the old.

	The main task in the sport-specific preparation period is to perfect the athlete’s total competitive skills.

	In the competition period of training, the main task is to ensure the reliability of technical skills under the conditions of competition.



Reduction of the number of workouts and of all training loads, including work on technique, in the precompetition mesocycle may improve the technical skill of an athlete. The improvement may be an effect of the increased level of abilities after a relative rest or an effect of a lesser interference of consciousness in performance. After a period of rest the athlete, relaxed both physically and mentally, may perform better because the subconscious takes over control of techniques (Noble and Robertson 1996).

In the transition period, little work is done on principal techniques because the task of this period is to “detrain” all the systems of the athlete’s body after long and intensive sport-specific work. The athlete has to unlearn those elements of technical habits that were ineffective or will not fit with a higher level of abilities and must be discarded in order to further improve technique in the next macrocycle.

The great volume of general exercises done during the general preparation period limits the amount of time and energy available for technical workouts. To make up for the limited time available for technical exercises, those technical exercises that are well mastered in previous macrocycles, and can fulfill the functions of the general exercises, may be used in the general development of certain abilities and to simultaneously preserve technical skills. Usually these exercises have to be altered in some way to make them suitable as strength, endurance, or some other type of general exercises. For example, a basketball player may put 1- or 2-kg (2–4 lb.) wrist weights on and do basketball drills. The additional weights must not distort the technique!

New technical exercises or those that have to be relearned are performed in the preparation period with less than maximal intensity, at the so-called controlled speed, which allows the athlete complete control of movements. In speed-strength sports, during the work on stabilization of skills, technical exercises (actually competitive exercises) without extra resistance are done with an intensity of up to 90% of the maximal individual result. When the skills are stable, which happens at the end of the preparation period, the intensity of competitive exercises without extra resistance is first increased to the 90–93% range, and then to maximum (Matveyev [Matveev] 1981). The initial restriction of intensity when performing these competitive exercises is to prevent forming a technical barrier, meaning stabilizing the skill at the level permitted by the less-than-sufficient development of speed and strength at a stage of training when the physical abilities do not reach their ultimate development in a current macrocycle. When the maximal level of abilities is reached, then the techniques are practiced with maximal intensity. In sports that do not require the ultimate development of speed or strength, the skills that are to be stabilized can be practiced with final intensity as soon as possible.

Beyond techniques lie tactics, the next physical skill to consider.





13. Tactics

Tactics are ways of successfully applying techniques with the least effort. The choice of tactics depends on the athlete’s or the team’s skills and abilities, on the skills and abilities of the opponents, and on the particulars of the situation.

Using tactics, the athlete combines all the actions he or she has learned as techniques to attain the goal. Technique and tactics can be divided for the sake of analysis, but during competition, a technique cannot be separated from the tactics of it. They both depend on each other. The choice of tactics depends on mastered techniques, and proper tactics permit an efficient application of techniques.





Tactical Training

The athlete’s tactical training includes mastering the theoretical basis of tactics, learning about opponents, mastering practical tactics and their combinations and variations, and developing tactical thinking. Practical tactical training should be part of all technical training. For the theoretical aspects of tactical training, lessons and seminars can be used in addition to the information given during workouts.

New tactics are practiced in staged conditions or simplified forms until the athletes perform them without difficulty. The athletes then practice them in normal conditions, and later in harder than normal conditions. The degree of difficulty may be increased in one of the following ways.


	The opponent is not restricted by certain rules, but the practicing athlete or team must obey them all.

	Time or space (time allotted before an attempt in gymnastics, weightlifting, track and field; time of a round in individual contact sports; time of a period in ball games; size of a mat or ring in individual contact sports; size of court or field in team games) of the performance is limited, or both time and space are limited.

	Additional tasks are required at a previously specified signal (in judo wrestling, switching to chokes or locks while practicing holds; changing the distance or type of punches in boxing).

	The number of attempts are limited (in judo wrestling first throw wins; in fencing, first hit).

	The athlete must accomplish certain tactical tasks while at a physical disadvantage (tired, weaker than opponent) or at a psychological disadvantage (unexpected changes in organization of the test, distractions).



Like any other aspect of sports training, tactical training is divided into general, directed, and sport-specific training.

General Tactical Training

General tactical training has to instill broad tactical thinking or the appreciation of tactical solutions and of the interplay of rules, techniques, and tactics in any sports training activity. General tactical training occurs in the course of general physical training, which includes activities of a wide variety of sports.

Directed Tactical Training

Directed tactical training has to develop deep understanding of tactics of sports related to the athlete’s own and to enlarge his or her tactical arsenal. Learning tactics of related sports is one of the means used in this type of training. For example, players of a given team game practice tactical elements of other team games; wrestlers practice styles of wrestling other than their own.

Sport-Specific Tactical Training

Sport-specific tactical training aims to develop the mastery of tactics of the selected sport. This is helped by the transfer of the tactical skills and knowledge acquired as a result of learning related sports.

Tactical Exercises in a Workout

Tactics should be taught together with the techniques they are based on. In many cases, practicing tactics has to wait until the athletes are sufficiently proficient in the techniques that are to be used in these tactics. Nevertheless, technical and tactical training should be as nearly simultaneous as possible. Each technique should be employed in tactical exercises as soon as athletes are proficient enough with the technique.

Because learning new, or perfecting known tactics has the same requirements as technical exercises, the tactics should be done at the beginning of the workout (right after the warm-up), and in the main part of the workout. Occasionally, though, tactics should be tried at the end of the workout, to see if these tactics can be carried out by tired athletes.

Tactical Exercises in a Microcycle

Tactical work is done on the same days as techniques. It is usually done at the beginning of the microcycle.

Tactical Exercises in a Macrocycle

Tactical preparation in a macrocycle is planned in such a way that athletes start with the individual elements of the tactics and proceed to eventually combining them all. Preparatory (general, directed, sport-specific) and competitive exercises, which at first model partially and then as fully as possible the competitive tactics, are the main method of teaching tactics. Tactical training merges with technical training, the development of physical abilities, and psychological preparation. It leads and unites the whole training process, because the combined effect of all aspects of sports training eventually fuses into a single competitive tactical action. The outcome of this action depends on the total (physical and psychological) preparation of the athlete.

In the general and sport-specific preparation periods, tactical training, theoretical and practical, has the following tasks (Naglak 1979).


	Theoretical

	—Analyzing the strong and weak points of the tactics used in the previous macrocycle

	—Improving the theoretical knowledge of the athlete’s sports discipline

	—Becoming familiar with tactics of similar sports disciplines

	—Studying new tactics





	Practical

	—Perfecting learned tactics

	—Approval and inclusion of new tactics

	—Developing and perfecting technical skills, and the physical and mental abilities necessary for mastering new tactics







In the competition period the tasks are as follows (Naglak 1979).


	Theoretical

	—Getting to know the tactics of the opponents. Knowledge of the opponent is necessary for finding the best means of defeating him or her. Knowing about injuries, old and new, helps to determine which techniques the opponent cannot rely on, and what actions he or she is vulnerable to.

	—Getting to know the local conditions of the places where competitions are to be held

	—Getting to know the rules and peculiarities of judging and refereeing in the coming competitions

	—Learning about the newest tactics of the athlete’s own sport and of similar sports





	Practical

	—Perfecting previously learned tactics and applying the appropriate tactics in changing situations

	—Eliminating tactical flaws

	—Establishing and approving new tactical plans based on current needs







In this period athletes put out maximum effort and spend the most time on tactical preparation. In addition, most of their attention has to be dedicated to methods of perfecting tactics and switching from one tactic to another. The athletes practice against partners or teams that use the typical tactics of their opponents, and also in conditions as similar as possible to the conditions of the forthcoming competitions. Preparatory competitions are used to perfect various tactics.

In the transition period tactical training consists of the following (Naglak 1979).


	—Analysis of tactics and the quality of tactical preparation from the season just passed

	—Explanation and analysis of the causes of successful and unsuccessful starts in the season

	—Generalization of the experience of the past season

	—Study of new tactics



Developing the athlete’s strength of will and mental toughness is the next item to consider.





14. Developing Mental Toughness

“When two athletes of equal physical skill and ability compete with each other, the one who is better mentally prepared is the winner. It even happens that an athlete perfectly prepared physically loses against a physically weaker but mentally stronger opponent.”—Dariusz Nowicki

Dariusz Nowicki’s (1997a) quote sets the tone for this chapter. Nowicki, the chief coordinator of psychological preparation for all Polish Olympic teams for the Sydney Olympics in 2000, is also the author of Gold Medal Mental Workout.

Sports training affects the whole athlete—his or her skills, movement abilities, and psychological characteristics—both the physiology and psychology of an athlete. Psychological training is necessary for developing a high level of competitive form and even for developing physical abilities. In turn, physical training affects an athlete’s psychology.

Development of the mental toughness needed and shown in sports actions should be conducted simultaneously with, and on the basis of, the development of physical abilities and skills. The physical and mental aspects of sports training are inseparable, and so are emotions and the physiological changes accompanying them. For example, mimicking different emotional expressions causes the physiological changes, such as changes in heart and breath rate, that are characteristic for a given emotion. Merely having people put their facial muscles in a configuration typical for a given emotion produced that emotion (Ekman et al. 1983; Levenson et al. 1990). This has practical application as one of the means of inducing the emotional state optimal for peak performance.

Note to the reader


For the purpose of this chapter, psychological training is divided into “general” and “sport-specific.” General psychological training refers to developing the qualities of strong will that are necessary for training and competing but also play a large role in life outside of sports. Sport-specific psychological training means developing mental skills for dealing with prestart emotional states, entering the peak-performance state, using mental imagery, and control of concentration.



This chapter, like this whole book, is written from the point of view of those who apply the theory and methodology of sports training, or put more simply, from the point of view of a coach. In this chapter most references pertaining to the practical application of physical exercises for psychological training come from authorities on the theory and methodology of sports training who have extensive practical experience rather than from sports psychologists.





General Psychological Training

General psychological training is done during a whole macrocycle and has the goal of developing a strong will and the basic mental skills necessary in sports and in all kinds of human activity. The basic mental skills are control of concentration and the ability to relax physically and mentally.

Strong will is developed by overcoming difficulties. The difficulties have to be overcome systematically, not occasionally, and the increased degree of difficulty should not make them impossible to overcome. An athlete must be taught to carry out the training or competitive task. It must become a habit to always finish an assignment and to be dependable. An athlete must be convinced that there are no easy shortcuts to sports success, and as this success comes closer the degree of difficulty of effort increases (Matveyev [Matveev] 1981).

Carrying out a task to the end is especially difficult in competition. Objective and subjective circumstances may stand in the way of completing the competitive task, and a coach has to use good judgment in defining the task or in insisting on its completion. Not finishing competitive tasks lets the athlete learn a lack of commitment that results in a habit of ceasing to struggle as soon as the level of difficulty increases. This is how psychological barriers are formed. One of the methods of overcoming psychological barriers is to successfully complete a competitive exercise under the same conditions (in the same place, on the same apparatus) as in the previous unsuccessful performance.

Qualities of Strong Will and Physical Exercises

The qualities of a strong will are such traits as purposefulness, discipline, initiative, self-sufficiency, self-control, confidence, perseverance (including the will to win), courage, and decisiveness. Sports training requires efforts of will in various situations: in overcoming physical fatigue, showing up on time for workouts, doing exactly what the plan calls for and not less and not more, concentrating attention on one or several objects for a long time, an overcoming embarrassment or fear of the unknown.

Even though the psychological loads in sports training are correspondingly increased with the physical loads, additional difficulties have to be imposed, especially when the athlete adapted well to the current loads, to ensure a proper development of the chosen qualities of will. Depending on the quality that has to be developed, various changes are made in the physical exercises.

Purposefulness turns workouts into consciously regulated activities, not thoughtless mechanical performances of exercises. Developing purposefulness requires informing athletes about the goal of each action they take. It requires making them knowledgeable in the methodology of sports training, and making sure they know the task of each workout and how it relates to the long-term plan. Each workout, upon completion, must be briefly evaluated with the athletes.

Discipline is developed by keeping a set schedule of activities, a schedule that must be within the athlete’s ability to keep, and the need for which is understood by the athlete. All the requirements of the schedule must be fulfilled by the athlete. In addition, athletes must obey the rules of conduct, which tell what to do and how to do it, and what not to do. Even a partial failure will prevent following the rules and keeping schedules from becoming a habit. Initially, developing discipline requires a subordination to the will of the coach, rather than following one’s own will.

Initiative and self-sufficiency are developed by putting the athlete in situations that require quick judgment. The athlete has to plan the action, carry it out, and take responsibility for it. The situations must constantly change so the athlete cannot repeat the same response automatically. Team ball games can be used as a means of developing initiative and self-sufficiency. Lack of initiative manifests itself in lack of leadership and being befuddled. Poor self-sufficiency manifests itself in quick submission to authority and in the athlete’s not using his or her own judgment of a partner’s actions (Puni 1964).

Self-control, which is the ability of the athlete to subordinate his or her behavior to the task, is always connected with discipline. Determination to achieve a set goal and self-control (not losing one’s head in a difficult situation and not panicking) are developed by introducing distractions while athletes exercise—for example, resetting the pacer to signal a different rhythm than the one athletes have to maintain, making a loud noise before penalty shots.

Confidence, as well as plasticity and reliability of skills, are developed by working out in a difficult environment, or with unaccustomed apparatus or equipment—for example, exercising outdoors in bad weather, or on difficult terrain, or doing exercises with extra weights. In technical sports accuracy and precision can be developed together with confidence by making the goal posts narrower, performing high jumps and pole vault between narrower posts, or throwing a discus or a hammer from a smaller circle.

To develop perseverance, the ability to overcome fatigue, and self-control, the coach may unexpectedly order the athlete to run an additional lap at the end of an exhausting workout, with a higher than normal speed; to play an additional period at the end of a practice game and maintain pressure on the opponents; or to do additional repetitions of exercises with weights, in the form of competition.

The will to win is a special instance of the quality of perseverance. It is developed by altering the rules to make winning in training more difficult, or by handicapping. This can be done by requiring a longer period of holding the opponent’s shoulders on the mat in wrestling, increasing the number of points that give victory, fighting alone against several opponents, shortening rounds, sparring or competing with an opponent of greater experience, limiting the number of players on one team, while the other one has the regular number of players, or reducing the number of attempts in jumps.

Courage can be developed by increasing the degree of risk in exercises: boxing in a smaller ring, balancing on a higher beam, diving from a higher platform, decreasing the radius of curves on the cycling track or in the skating rink.

Decisiveness—making decisions and carrying them out despite risk and danger—is developed by exercises that have new and unexpected elements to keep them from becoming habitual. The exercises must be progressively more difficult, but not beyond the capability of the athlete. The exercises must be repeated systematically, and each time these exercises are used the goal must be achieved. A series of unsuccessful attempts develops indecisiveness that manifests itself in delaying making a decision and acting without commitment, and in ball games is particularly visible during a quick attack (Puni 1964).

Different sports require different qualities of will. Certain qualities become central or essential and others become supporting. In long-distance running, it is perseverance that is essential. In ski jumping, it is courage and decisiveness. In gymnastics and figure skating, self-control and determination are essential. In ball games initiative and self-sufficiency are essential. Supporting qualities of will and their relative importance vary depending on the sports discipline—for example, in ball games supporting qualities are (in order of importance) perseverance, courage, decisiveness, and self-control (Puni 1968). In figure skating supporting qualities are courage, decisiveness, perseverance, initiative, and self-sufficiency. In long-distance running supporting qualities are self-control, determination, initiative, self-sufficiency, courage, decisiveness, confidence, and perseverance (Puni 1964; Puni and Starosta 1979).

Usually the methods of developing qualities of will in particular sports rely on physical exercises from these sports. Occasionally, though, exercises from different sports that are of no use in that particular sport, are used. Making a gymnast or a weightlifter do a cross-country run does little for their technical or physical training, but since they have no special preparation for this type of effort, and they know it will not directly pay off, the athletes have to make a greater effort of will.

Will training is not something that only the coach directs and athletes perform. Athletes have an active role in setting their goals. This requires self-knowledge on their part, as well as the knowledge and skills provided by the coach. The athlete must successfully fight negative habits, reject short-term pleasures that interfere with long-term goals, persuade him- or herself to undertake difficult tasks, regulate psychosomatic functions with autogenic training (self-induced physical and mental relaxation, also called mental or psychoregulation training, the techniques of which are taught in Gold Medal Mental Workout [Nowicki 1997a]), and constantly self-monitor. This constant monitoring of self, by keeping a detailed training diary, is an effective means of self-education and self-motivation, and provides an athlete and the coach with the information necessary to plan training.

Competitions as a Means of Developing Strong Will

Regular participation in competitions and the use of competitive exercises in workouts (try-outs, rivalry in exercises) is needed to permanently shape the will of the athlete. A single competition means little in the process of developing the qualities of will.

Competitions and other assignments must be carefully rationed in accordance with an athlete’s current level of abilities to develop true confidence and self-knowledge. There are several ways of arranging the tasks in a workout so they are sufficiently demanding, but not impossible to complete:


	—athletes compete to see who can do the most repetitions of an exercise;

	—contests are organized in tasks that require mostly psychological mobilization—for example, who will learn a new movement or a combination of movements faster;

	—competitions are created where the tasks of the normal competitive exercises are altered—for example, using heavier equipment, throwing for accuracy rather than distance; and

	—the level of a performance is lowered, but several repetitions of that level of performance are required.



Apart from the competitive forms of exercises in workouts, normal competitions, of lesser importance than the main target competition, are used in training will. The degree of difficulty in preparatory competitions should be set higher than in the main competition by imposing additional difficulties or by holding these competitions in the midst of the most intense training when athletes are fatigued. To use the words of Matveev (Matveyev [Matveev] 1981), “This creates a reserve of strength of will.”





Sport-Specific Psychological Training

Sport-specific psychological training affects the mental states directly related to an upcoming performance in competition or in an especially difficult workout. It involves immediate motivation for completing the task at hand, control of the psychological prestart states, regulation of psychological states in the course of performance, and regulation of psychological states after the performance. (Besides the official result of a competition—expressed, for example, in points—there is an effect of the competition that is the psychological consequence of the achieved result. This effect has to do with the way the result was achieved, and the relation between the result, an athlete’s potential, and an athlete’s ambition. Victory may be achieved by means that do not improve the confidence of the athlete—for example, by disqualification of an opponent, or the athlete can actually be a winner but lose because of dishonest judging.)

Several factors affect the emotional stability of an athlete. All these factors have to be worked upon by all adequate means to desirably influence the athlete’s psychological state. Good communication with a coach, involvement in planning the training, having a friendly atmosphere on a team, and no complications in other interpersonal relationships are general environmental factors, but they have a direct bearing on the effectiveness of sport-specific psychological training.

Motivation

The immediate motivation is based on the permanent, constant motivation for participating in sports. The immediate motivation depends on the circumstances the task is to be carried out in, the importance of the task, and the athlete’s level of preparation and emotional state. The coach, knowing the abilities and interests of each athlete, must use situational factors to intensify the permanent motivation.

Motivation both immediate and permanent to earn prestige or material rewards (external motivation) brings inferior results in comparison to motivation to participate in a sport for its own sake (internal motivation). To athletes with such motivation, the result matters less than the process of achieving it. Such an attitude allows them to correctly appraise their potential, analyze victories and failures, and fully mobilize themselves (Oleg Dashkevich, from the Central Institute of Physical Education in Moscow, quoted by Cherepanova [1989]). Internal motivation, especially the motivation of self-perfection and mastery of skills, should be cultivated, particularly at the initial stages of training to prevent dropping out of children who are late bloomers and do not perform well in early competitions (Czajkowski 1994b).

External motivation—recognition, social status, and money—can be used in two ways: informative and controlling. The informative use of external incentives expresses recognition of achievements, work, and talent—“We appreciate what you do.” The controlling use of external incentives tells the athlete that his or her life is controlled by others—“We pay you and you better do what we tell you to do.” Badly used external motivation, especially in the controlling manner, often kills an athlete’s internal motivation and contributes to a worsening of sports results (Czajkowski 1994b).

For best results internal motivation should be combined with the informative form of external motivation.

The force of immediate motivation must be optimal for the task. Too little motivation leads to insufficient mobilization. Too much motivation (a desire to win at all cost), raises the level of arousal in excess of the optimum, and that lowers the ability to achieve good results in competition. The optimal level of motivation and thus of arousal is in inverse proportion to the degree of precision and complexity of the task. Every athlete has a different optimal level of arousal for different types of activity.

The relationship of all the psychological factors that influence performance and actual performance is best represented by a curve in this shape Ç. So motivation, arousal, ambition, and self-confidence have to be at the optimal level, not too high and not too low.

The athlete’s ambition may be greater than his or her level of abilities and skills. The difference between ambitions and abilities makes the athlete afraid to lose self-esteem should the outcome be below these ambitions, and may cause him or her to avoid competitions (Matveyev [Matveev] 1981). Athletes with too high an ambition and low self-confidence may fake an injury, or train in a slipshod fashion so as to be able to say, “I lost, but in fact I did not train hard” (Poczwardowski 1997a), implying that “if they would, they could.” Too much self-confidence causes athletes to overestimate their abilities and think that no one can beat them. They do not treat their opponents seriously, do not prepare well and thus set themselves up for a failure, an injury, or even a nervous breakdown (Oleg Dashkevich, from the Central Institute of Physical Education quoted by Cherepanova [1989]; Poczwardowski 1997a). An athlete with optimal self-confidence sets realistic goals, trains, and then performs to the best of his or her abilities (Poczwardowski 1997a).

Prestart States

There are three prestart emotional states: readiness, start anxiety (also called start fever), and start apathy. These emotional states are associated and correspond with levels of arousal: optimal for the task, too high, and too low. Prestart states usually occur on the day of competition but may occur days or even weeks before the start, although that is rare (Nawrocka 1964).

The optimal state of arousal is different for every athlete and for different types of activity. Simple and imprecise actions can be carried out successfully at a higher level of arousal than more complex or precise actions. So an athlete of low technical skill, who has a few simple techniques and is highly aroused, can win against an opponent of great technical sophistication when that opponent is too much or too little aroused.

The greater the power output required, the greater the psychological tension [higher arousal and intense narrow concentration] ought to be, because more muscle fibers contract with strong psychological mobilization than without it (Naglak 1979).

Introverts do not like high arousal but extroverts do and seek stimulation to raise their level of arousal. “Technicians” perform well at lower levels of arousal than do “warriors/chargers/berserkers.”

The undesirable emotional prestart states are start anxiety (start fever) and start apathy. Signs of start anxiety are fidgeting, muscle tremors, digestive disturbances, diuresis, and diarrhea; and signs of start apathy are sleepiness, yawning, laziness, and unwillingness to compete (Malarecki 1972). In the case of start anxiety, the goal of preparation is to diminish the degree of excitement, but not so much as to lose enthusiasm. In the case of start apathy the goal is to cheer up and instill confidence. The precompetition warm-up used for regulating start apathy includes short, highly dynamic exercises, imitations of final efforts, and highly dynamic games. To calm down overly excited athletes (start anxiety), exercises emphasizing smoothness, accuracy, concentration, special breathing exercises, and mental relaxation exercises are used (Gracz and Sankowski 1995).

The goal of a prestart warm-up is to bring an athlete’s arousal to the optimal level for the activity ahead. Arousal manifests itself in an athlete’s overall mobility, especially in the pace or rhythm of all movements. Every person has an individual rhythm of movements at which he or she performs flawlessly. This rhythm may be observed in peak performances during competition but more often during workouts when an unstressed, confident, and perhaps happy athlete practices the activity or drills.

While the content of the beginning of the prestart warm-up is determined by the athlete’s emotional state and level of arousal at that time, the final part of the warm-up should make the athlete move with his or her “peak-performance rhythm.” Music selected to match the athlete’s peak-performance rhythm can be used during the warm-up to induce in the athlete this rhythm and thus the level of arousal associated with it. This music, apart from the rhythm, should also induce in the athlete the optimal emotional state for peak performance. Of course, moving with this peak-performance rhythm and being in the emotional state associated with peak performance are not guarantees of peak performance but a means of facilitating its occurrence.

Prestart states are affected by rationally conducted training, with a proper alternation of tasks, a correct proportion of loads and rest, and an adequate number and quality of preparatory and control competitions. The level of psychological stress has to be within the athlete’s capability, but not too low. To increase the level of stress, the coach may postpone a planned try-out for a day, or make assignments more difficult. To relieve the stress, workouts or try-outs can be conducted in a nice, outdoor setting, or indoors, using well-chosen background music, and using artificially ionized air (Matveyev [Matveev] 1981).

The optimal prestart state ought to occur immediately before a start. The best time for mental readiness to appear is the time between the end of the warm-up and the start. The more excitable the athlete, the later he or she should imagine the start and mobilize for it (Naglak 1979). Emotional states during a contest are affected by the emotions and level of arousal immediately before the start (Czajkowski 1998a). It is a grave error to arouse an already overly excited athlete.

Control of Prestart States and Performance with Mental Training

Mental training—also called psychoregulation training and including concentration training, imagery training, ideomotor exercises, and emotional self-control—is used in an athlete’s sport-specific psychological training, and even in the course of competition as part of the optimal mobilization for the effort (Nowicki 1997a).

There is a simple way to tell if mental training can improve an athlete’s performance. If the athlete answers yes to either or both the questions below, it can.


	—Do you do well in practice but not so well in competition?

	—Do you get tense, lose concentration, and play or spar below your skill when you practice with some opponents or training partners?



Mental or psychoregulation training consists of mastering these skills in this sequence (Nowicki 1997a):


	Selective focus of concentration: developed by exercises for concentration on breathing and mobility of attention

	Increasing control over muscle tension and lowering the level of basic arousal: developed by exercises of progressive relaxation and muscular relaxation with triggering

	Deep mental relaxation: developed by exercises inducing a self-hypnotic trance and including basic imagery skills

	Indifference to distractions: developed by practicing relaxation exercises while being disturbed by noises and other distractions

	Use of mental imagery to improve technical skills: developed by ideomotor exercises

	Sport-specific concentration: developed by exercises focusing attention on the sports skill

	Lowering level of anxiety associated with performance: developed by mental simulation of performance

	Evoking peak-performance state: developed by recalling or imagining the peak-performance experience and adding the state of mind associated with it to the imagery exercises for the coming competition.



Sessions of a mental workout last 6–25 minutes.

Sports training without psychoregulation leads to undesirable emotional prestart states such as start anxiety or apathy often observed in even high-level athletes at the time of competition. Combining physical training with mental training ensures optimization of prestart states and emotional control during the struggle.

As another benefit, mental training, specifically mental relaxation, increases the effectiveness of ideomotor exercises (Smith 1987). B. J. Kolonay (1977) conducted an experiment on the effects of relaxation training plus imagery (ideomotor exercises), relaxation alone, imagery alone, and no treatment on basketball players’ free-throw percentages. Basketball teams were divided into four groups, each group receiving one of these treatments. Before the experiment the percentages of successful free throws of these groups (68%, 67%, 69%, 65%) did not differ significantly. She found that only athletes performing both relaxation training and ideomotor exercises improved the accuracy of their free-throw shooting significantly—from 68% to 75%. Athletes who performed either relaxation alone or imagery alone improved only slightly—respectively from 67% to 69% and from 69% to 71%, and their improvements did not come close to reaching statistical significance. The athletes who did neither relaxation nor imagery training made no improvement at all.





Psychological Training in a Workout

Mental exercises for concentration, imagery, recalling peak-performance state, and mental recovery techniques, if they are well mastered, can be included within each workout.

Mental rehearsal should be done prior to physically performing any skill and breaks between exercises should be used for visualization to speed up learning (Nowicki 1997a).

An action or a gesture that typically precedes competitive action, such as fixing clothes or bowing to an opponent, can be used as a trigger to stimulate specific concentration and recalling the peakperformance state (Nowicki 1997a).

General psychological training or developing the qualities of will needed in sports actions and training should be accomplished by means of appropriate physical exercises and by the exacting fulfillment of other tasks, such as being on time or preparing assignments.





Psychological Training in a Microcycle

The majority of athletes practice mental skills 3–5 times per week, but some practice twice a day (Nowicki 1997b).

The best time to practice is the period right after waking up in the morning or just before falling asleep at night. Bedtime is not a good time, however, to practice exercises that mobilize, such as ideomotor exercises. If the mental training has to be done after a physical workout, then about 30 minutes of rest needs to be allowed from the end of the workout to the beginning of mental training. Mental training should not be done before a physical workout until an athlete knows how to perform the energizing exercise. Without this exercise the mental training will cause an excessive relaxation of the muscles (Nowicki 1997a).

Falling asleep during mental training is a sign of fatigue and may mean that an athlete needs to work out less, sleep more, or schedule mental training at a time of the day when he or she is more rested. If thoughts unrelated to the goal of the mental exercise interfere and distract an athlete during the exercise, it means that the athlete’s schedule is too crammed to allow for reflection on daily activities, resting and calming down before the mental exercise (Nowicki 1997a).





Psychological Training in a Macrocycle

General psychological training is done in the course of an entire preparation period. In addition, during a transition period or a general preparation period, athletes should start doing mental exercises. The sooner the better because it takes time to automatize the techniques of relaxation and mental control (Nowicki 1997a). The transition period is the best time to introduce mental training because lowered physical loads leave enough time and energy for mastering the basic skills of mental training. The exercises developing the basic skills of mental training, such as relaxation, concentration, and positive thinking, help to deal with problems arising from the previous competitive period and increase athletes’ willingness to train (Nowicki 1997b).

The basic mental exercises continue into the general preparation period. Each session of the basic exercises of mental training takes 20–30 minutes and should be done once or twice every day. During the 3–6 weeks needed to master the basics of mental training, the sessions are held in a silent, warm, and dark room, and the skills may be learned in a group.

During the sport-specific preparation period, with the basic skills of mental training already mastered, athletes progress to learning mental skills more closely related to their sport, namely, the type of concentration that is specific to their sport, and the ideomotor training for speeding up the process of learning and perfecting technical skills. During this period athletes also learn short relaxation programs for speeding up their recovery after hard efforts, and they mentally encode the connection of starts in competitions with positive emotions (Nowicki 1997b).

At this time each session of mental training takes 5–15 minutes and athletes practice individually. Sessions are conducted in less comfortable conditions, occasionally even in the locker room or gym, or on the bleachers (Nowicki 1997b).

In the competition period most emphasis is on sport-specific psychological training, meaning mental preparation for specific competitions. Athletes encode emotional states associated with being in good shape, self-confidence, and belief in success. Mental exercises for eliciting the optimal state of mind for performance become a routine part of a warm-up. As the main competition get closer, athletes develop a mental exercise program for preparing for this most important competition (Nowicki 1997b).

The mental or psychoregulation training devised by Dariusz Nowicki, and credited with several gold medals at the Olympic Games and world championship events, is planned to occur over ten weeks. The first four weeks are for learning concentration, physical relaxation, and deep mental relaxation. Deep mental relaxation, with heightened awareness, mental focus, and increased suggestibility is needed for effectively practicing imagery skills, sport-specific concentration training, ideomotor training, autosuggestion, and learning to condition cognitive-emotional responses to given triggers (Poczwardowski 1997b). The following three weeks are for learning emotional self-control, imagery training, and sport-specific concentration training. During the first seven weeks the exercises for mental training have to be done separately from physical workouts because deep relaxation prior to a workout lowers arousal below its optimal level.

The remaining three weeks of mental training prepare for particular forthcoming competitions by building and strengthening self-confidence, entering at will the peak-performance state or “the zone,” and learning to speed up recovery between matches with mental exercises.

Psychological preparation for a competition requires gathering information about the conditions of the contest. This information is to be included in mental exercises (mental simulation of contest performance and recall and transfer of peak-performance state to the coming competition) and in workouts simulating the competition. The immediate psychological preparation for the start, after arrival at the site, is divided into two stages—final reconnaissance of the facilities and conditions of the contest, and into concentration for the event. Final reconnaissance starts with the arrival at the place of competition, and ends with the assumption of the starting position. The athlete checks out the apparatus and equipment and makes trial attempts. Mental rehearsals and last minute corrections are done at that time.

In the stage of concentration for the event, the athlete removes from consciousness all that is not related to the task, and isolates self from stimuli external to the task. Most important and only on the mind of the athlete is the task. The duration of concentration has limits within which it is beneficial. These limits vary, depending on the individual athlete, the sports discipline, and the importance of the contest. With weightlifters and track-and-field jumpers and throwers, the higher the level of the athlete and the quality of competition (heavier weights, higher or longer jumps, further throws) the longer the concentration (Puni 1968).





PART IV
PLANNING AND CONTROL OF TRAINING

“Sports science undeniably contains some hype and hokum. Even its advocates are wary of excessive claims and complexity. Alois Mader, a professor at the German University of Sport Sciences in Cologne, points out that the highly successful Kenyan running program is as simple as can be. ‘It goes: run every day from youth on. And run so that you still enjoy it the next day. Everything else will follow automatically.’”—Anastasia Toufexis

The main goal of sports training is achieving the desired results by employing the means that are most economical, and at the same time enhancing the long-term development of an athlete.

It is not the purpose of the sports training to perform any specified quantity (volume) of exercises but, taking into account the quantitative and qualitative characteristics of the exercises, to achieve the desired result. This is not determined by a mechanical summing up of the training loads. Use of a much lower volume of training loads (work) than average has led many athletes to record-setting results (Pac-Pomarnacki 1987). One of the Polish national-team judo wrestlers put it this way (Zbigniew Bielawski quoted in Czajkowski 1994a): “The essence of training is not to perform the maximal [possible] amount of work. Some athletes need it and some do not. Coaches set the plan and implement it, but it happens that some member of a team gets sick for a week, skips training, and ends up better prepared than those who worked out throughout that time.” Research by Costill et al. (1991) showed that swimmers who swam more than 10,000 m (10,936 yd.) per day made the same improvements as swimmers who swam approximately half that distance.

The efficiency of the training process depends on the optimal composition of the loads (Pac-Pomarnacki 1987). To find the optimal proportions of the loads, it is necessary to measure an athlete’s performance in sport-specific tests, determining how the load influences or fatigues the athlete, and how quickly the athlete recovers.





15. Goals of Training and the Model of a Champion

Determining the ultimate goal and intermediate goals of an athlete’s training is essential for planning the training. Having determined the goals makes it possible to choose adequate training methods. The main source of relevant information about the goals of training is competition. In other words, the demands of competition together with an individual’s predispositions (health, level of abilities, talent) determine the methods of training. (The coach has to keep in mind, however, that while the goal of a mature athlete’s training is a sports result, for youth the goal is healthy growth.) The level of skills and abilities that competition demands for success is compared to the current level that the athlete displays. A training plan can then be made, taking into account the principles of training. The training plan should be effective, simple, and controllable, and should permit making changes in its structure easily, in case of minor changes in its goals.

The quality of competition depends on the current level of skills and abilities of athletes, and on the external conditions (environment, climate, public, organization, rules, level of opponent) in which the competition is conducted. External conditions influence the degree to which abilities and skills are utilized. Knowing the importance of particular skills, physical abilities, mental characteristics, and external conditions in a particular sport makes it possible to design the model of an ideal athlete in this sport, also called the model of a champion.

It may be said that outstanding athletes are unique individuals who may not fit the model of a champion and arrive at their achievements in individual ways (Poliszczuk [Polishchuk] 1995). Nevertheless top athletes in any given sport share certain minimal levels of characteristics and abilities that indicate the potential (but only the potential) to achieve high results, and it is good to know what these characteristics and abilities are.

In each sport the model of a champion includes in its physical and mental components different abilities and characteristics in different proportions, and some of these abilities and characteristics can be compensated for by others. Models of a champion are constantly updated because sports change.

Models of a champion are easier to compile and more precise in standard sports (track and field, swimming, gymnastics, weightlifting) than in nonstandard sports (team games, combat sports) where techniques are widely adjusted to situations and tactical skills determine the result to a greater degree than in standard sports. The more complex the activity and the greater the importance of technique and tactical skill over the physical abilities, the less useful is the physical component of the model of a champion as a tool of selection and of control of training. In just the example of reaction time one can see that the range of any given ability may be so wide among top athletes as to be of little value in building a useful model. There are excellent fighters with poor simple reaction time but who have good reaction time with choice, and there are excellent fighters with poor reaction time with choice who base their tactics on good simple reaction (Czajkowski 1994a). Further, there are slow fencers who win world championships and Olympic Games because they can compensate with excellent judgment of the situation and anticipation of an opponent’s movements, or by causing the opponent to react in a predicted manner (Bortel 1997).

The model of a champion in any sports discipline includes the age when the best results are most likely to be achieved, the number of years of training needed to reach the mastery level, body size (height, mass or weight, and in some sports arm reach or body proportions), the value of an index of technical efficiency (degree of utilization of directed fitness that may be expressed as a ratio of movement potential to sports result), and the results of tests of abilities relevant to a given sports discipline. For example, in the case of a model of a champion pole-vaulter (Wazny 1989): results of a 20-meter (65 ft.) dash with and without pole, from a flying start; the time of a 300-meter sprint; the maximal amount of weight (in % of body weight) lifted in a squat and in a bench press; the distance of an overhead forward throw of a shot (16 lb.); a long jump with and without a prerun; a jump-and-reach test without swinging the arms; somersault forward and backward, pull-over to a handstand on the bar and rings, backward roll to get over a bar suspended 1 m above a level gymnastic table; and a certain minimum percentage of proper responses in a visual reaction test with choice (Piórkowski’s test).

The model of a champion sprinter includes results of the following tests (Guzalowski [Guzhalovsky] and Alabin 1980): a 60-meter dash from a high start; a 30-meter dash (100 ft.) from a high start and from a march; a triple-jump and a penta-jump without a prerun, done using one leg only (whole technique on the left leg, 296 15. Goals of Training and the Model of a Champion then on the right leg); a triple-jump and penta-jump using both legs in the technique; a deca-jump using both legs, without a prerun; a long jump without a prerun; a jump-and-reach test with arm swing; the flexibility of the trunk measured by sit-and-reach test; the flexibility of the hip joint measured by the angle between thighs in a side split; the strength of lower leg extensors (quadriceps), hip flexors (iliopsoas), hip extensors (hamstrings), and foot flexors (calves), measured for each leg separately; the strength of trunk extensors (lower back); reaction time; time of one, and of ten fast flexions of the lower leg; and the time of ten flexions of the thigh.

The following tests are included in the model of a champion shot-putter (Nabatnikova 1982): shot put without a slide or turns; the distance of throwing a standard shot backward overhead; throwing shot forward from below waist; a long jump without a prerun; a triple-jump without a prerun; a jump-and-reach test; and maximal weights lifted in squat, bench press, pull (on chest), and snatch.

Table 8 is a template for designing a model of a champion in any sports discipline.


Table 8. Template for designing a model of a champion (Wazny 1989)

[image: Table 8. Template for designing a model of a champion (Wazny 1989)]


Degree of utilization of directed fitness can be expressed as the index of technical efficiency. Various sports use different measurements to calculate the index of technical efficiency. For example, for track-and-field hurdles it is a ratio of the time of running the distance over hurdles to the time of running the distance without hurdles. In ball games where control of the ball is of utmost importance, such as soccer and basketball, the index of technical efficiency is the ratio of the time for negotiating an obstacle course with a ball (slaloms, passes, shots) to the time for running that course without a ball.

For the high jump the index of technical efficiency is the ratio of the multiplication of the absolute static strength of foot extensors by height reached in a jump-and-reach test (no arm swing), and by body height to the height of the competitive jump multiplied by body mass (Dyachkov 1972).

In speed skating two values give information on technical efficiency: the ratio of the inert slide distance to the duration of the push-off and the ratio of the duration of the push-off to the duration of the whole step (Wazny 1989). An approach similar to this can be used in evaluating efficiency in technical elements involving pushoff or takeoff—for example, gymnastic tumbling. The briefer the contact with the floor (landing and takeoff) during tumbling, the greater the technical skill and the better the utilization of explosive strength.

Not all the characteristics given in the table 8 are considered relevant for all sports. Also, additional information can be included in the model of a champion, for example, arm reach or body proportions, reaction time, or the index of recovery.





16. Long-Term Planning

Long-term plans of sports training are determined by the optimal ages for developing the abilities needed in a particular sport, and by the age at which the best results are achieved. The long-term training process is divided into variously named stages: initial preparation stage, also called the all-round development stage; basic preparation stage, or directed preparation stage; the specialization stage, further subdivided into the initial and final specialization stages; the mastery stage, or maximal realization of an athlete’s potential; the stabilization stage; and finally, the maintenance stage. This order will serve.

The initial preparation stage. In most sports this stage begins at an early school age. The purpose of this stage is to stimulate healthy development and preparation of an all-round foundation for future sports specialization by setting up a rich thesaurus of varied movement skills and knowledge (movement erudition or movement experience). Developing speed, agility, coordination, and general aerobic endurance are the main tasks of training. The most important goal is developing coordination and teaching the techniques of many exercises that will be used at later stages of training, including of course the basic techniques of the selected sport, because children learn new movements easily.

Movement abilities and other factors that determine sports talent are poorly differentiated in children (Filipowicz [Filipovich] and Turowski [Turovskiy] 1977). In other words all the athletic abilities correlate highly in small children, so a strong child is likely to be fast, agile, and have good endurance. With age and with training the abilities gradually diverge so there is less and less correlation among them—those most strong are not necessary most agile, and so on. This divergence of abilities is similar to what occurs in the training of all beginners: Initially any exercise improves all abilities (wide transfer of training effect) and then, with progress the influence of this exercise narrows down to one ability. This is one more reason, apart from the development of general coordination, for using a wide variety of exercises with beginners and young athletes—the transfer of training effect is wide for them so they improve even with exercises different than those of their sport while avoiding the hazards of unvaried repetitive stresses.

Exercises from many different sports and children’s games are used at this stage, with preference given to natural movements like running, jumping, climbing, and throwing. The exercises of the sport that attracted the children are used at this stage, too. After all, this is what they want to do and perhaps some of them will even stay with it. Sport-specific exercises constitute a minor part of training—5–10% of the training volume in sports that require considerable strength and endurance such as judo wrestling and cyclic sports such as swimming or cycling (Matwiejew [Matveev] and Jagiello 1997; Platonow [Platonov] 1993; Polishchuk 1997) to about 30% in sports that require little strength or endurance but a lot of technical and tactical skills, such as fencing (Czajkowski 1995).

At most, children have three workouts of 30–60 minutes with exercises conducted in the form of fun and games. Even in cyclic endurance sports, such as bicycling, workouts with heavy training loads (see gradation of loads in chapter 1 and table 9 in chapter 17) and monotonous exercises are not to be done (Polishchuk 1997).

The duration of the stage of initial preparation depends on the age a child entered training. For children who started training at the age of six or seven, this stage should last three years with a low volume of work—for example, 80 hours in the first year, 100 hours in the second year, and 120 hours in the third year. For children starting at the age of nine or ten, this stage should last from a year-and-a-half to two years and the volume of training work in the first year may reach 250 hours, depending on the effects of physical education classes in prior years (Platonow [Platonov] 1993).

Children should enter official competitions of low importance only after they prove a solid grasp of basic technique and simple tactical skills in practice matches (Czajkowski 1995). First practice matches without scoring may take place after a few months of training, depending on their grasp of basic techniques (Czajkowski 1997a).

The basic preparation stage. The purpose of this stage is also all-round physical preparation achieved by using general and directed exercises and learning techniques of many exercises relevant for the sport. The more such exercises the young athlete learns, the more adjustable will be his or her technique at later stages of training (Platonow [Platonov] 1993). Sport-specific exercises constitute 15–25% of the training volume in sports that require considerable strength and endurance and in cyclic sports (Matwiejew [Matveev] and Jagiello 1997; Platonow [Platonov] 1993; Polishchuk 1997) and 50–60% in very technical sports (Czajkowski 1995).

Technical preparation at this stage is based on the widest range of techniques of the athlete’s sport (in a very wide sense of the sport). For example, cyclists learn all bike-riding skills: no-hands riding, figure riding, riding on snow, riding with the eyes closed (on a special training device), short climbs and descents, various starts and finishes, various ways of negotiating turns, and so on (Polishchuk 1997). Swimmers learn all strokes, starts, turns, and rescue and towing techniques, and track-and-field athletes learn all techniques of all track-and-field events (throws, jumps, relays, sprints, and longer runs). Fighters enlarge their repertoire of technical and tactical skills and develop fundamentals of “tactical thinking” (Czajkowski 1995). In combat sports exercises from sports similar to the selected sport are used for developing technical skills and tactical insight. For example, judo wrestlers practice other varieties of wrestling together with their principal exercises (Matwiejew [Matveev] and Jagiello 1997).

The volume of exercises increases at this stage more than the intensity. Increases in intensity of exercises must be made carefully, so as not to harm the growing body. Growing in itself is a strenuous effort. Because this stage falls during a period of rapid growth and maturation, young athletes are not to be subjected to maximal training loads (see table 9 in chapter 17) and should enter important competitions infrequently (Polishchuk 1997). The total number of training hours may range from 300 to 500 per year (Platonow [Platonov] 1993).

The division of the year into training periods begins at this stage of training and macrocycles consist of long preparation periods and short competition periods (Matveyev [Matveev] 1981; Polishchuk 1997).

The specialization stage. The purpose of this stage is to secure a base for exceptionally intensive training during the next stage—the stage of maximal realization of an athlete’s potential. At the beginning of this stage sport-specific exercises may make up 40–50% of the training volume in strength and endurance sports (Platonow [Platonov] 1993; Polishchuk 1997), more in sports where technique and tactics are of greatest importance (Czajkowski 1995). Sport specialization is gradually arrived at by training and competing in related events. For example, long-distance runners or bikers initially specialize in shorter distances and then progress to longer distances (Platonow [Platonov] 1993).

In sports with many single events that can be divided into groups of similar events, such as track-and-field throws, jumps, sprints, middle-distance runs, and long-distance runs, young athletes initially “specialize” in all the events of a given group. They will specialize in one event as their suitability for it is revealed in the course of training.

Greater stress than at the previous stage is put on developing sport-specific strength. Elements of sport-specific endurance are also developed. This approach allows for revealing gradually the suitability for a particular sport or event.

The total number of training hours may reach 800 per year (Platonow [Platonov] 1993). An athlete’s fitness is to be improved without having to perform a high volume of exercises very similar to competitive activity (Platonov 1997). Doing otherwise will leave no room for increasing sport-specific training loads at the next stage and will close the possibility of further improvement. Ulatowski (1996) relates a case of 16-year-old cyclist with excellent results in youth competitions. This young cyclist failed to qualify for Poland’s national team because it turned out that his general fitness was way below the average for the training youth, although in his training he covered nearly the same number of miles as Ryszard Szurkowski, the world champion (1973, 1975) and four-time winner of the Warsaw-Berlin-Prague race. In the opinion of the coach of the national team, Henryk Lasak, the youngster was already “ridden into the ground.” And indeed, this cyclist had no significant achievements in his further sports career. This was not an isolated case. There have been many similar cases in other sports and other countries.

Czajkowski (1998a) observes that premature specialization in technical sports means a too-early use of competitive exercises and competing too frequently instead of building a rich thesaurus of technical and tactical skills. Initially, and for a short time, the badly trained youth with poor technique wins thanks to speed, strength, or endurance, as well as courage and confidence. In sports with limited technical skills where such physical abilities as speed, strength, or endurance determine results, premature specialization at the expense of building a versatile foundation brings early successes because, paradoxically, the badly trained youth has a technical advantage over properly trained peers.

The specialization stage can be further divided into two stages: the initial specialization stage and the final specialization stage (Drabik 1996; Matwiejew [Matveev] and Molczynikolow [Molchynikolov] 1979; Raczek 1991).

Young athletes of speed-strength sports (track-and-field jumps and throws, weightlifting), can enter the stage of initial specialization around the age of 15 years.

At the stage of initial specialization transfer of the training effect is still wide. Also, at this stage the rate of improvement of sports results is greater in relation to increases in the volume of directed and sport-specific training loads because the effect of training is still superimposed on the physical growth of the young athlete (Matwiejew [Matveev] and Molczynikolow [Molchynikolov] 1979). To compare the rates of increase in loads to the rate of improvement, the coach converts both values to percentages—the value of the directed and sport-specific loads as a percentage of the maximal volume of such loads used in training of the current world champions and the value of his charge’s result as a percentage of the current world record.

The initial specialization stage ends when the value of the sports results (in % of the world record at the beginning of this stage) is no longer greater than the value of the training loads (in % of the world champions’ loads) in a given year. From that point on the progress in sports results takes increasingly more work and athletes enter the stage of final specialization (Matwiejew [Matveev] and Molczynikolow [Molchynikolov] 1979).

Subjecting youth to very intensive training stimuli, of an intensity typical for athletes at the peak of their potential, causes the youth to adapt to these stimuli before their physical potential is fully developed. Consequently, at the next stage of training these athletes may not respond to these stimuli (Platonow [Platonov] 1993). Early intensive training in which sport-specific loads dominate right from the beginning gives quick progress and produces youth champions. Unfortunately these champions end their progress a few years before they reach the age of highest results (Sozanski and Zaporozanow [Zaporozhanov] 1993).

The mastery stage. The goal at this stage is the maximal realization of the athlete’s potential—to set personal records. Training is increasingly specialized—sport-specific loads amount to 70% of the training volume (Polishchuk 1997). The frequency of starts and the volume and intensity of training loads increase and eventually reach their maximum because the athlete is at the peak of physical potential. The total number of training hours ranges between 900 and 1400 per year (Platonov 1997; Polishchuk 1997).

This stage coincides with the age most conducive for the highest results in a particular sport. In gymnastics, figure skating, and swimming, it is between 14 and 20 years. In weightlifting, track-and-field throws, and long-distance running it is between 21 and 30 years. In other sports this age is between 18 and 26 years. These ages are relatively stable, determined by regularities of human growth and maturing, and are not influenced much by the time of starting sports training nor by the system of training (Platonow [Platonov] 1993).

The organization of training at this stage, in addition to biological considerations, has to take into account the timing of the most important competitions (Olympic Games, World Championships). The effectiveness of the whole long-term training process is to be judged by results reached at the stage of maximal realization of potential and not earlier (Czajkowski 1998b).

The stabilization stage. As the athlete ages, his or her body’s functions and adaptive abilities stabilize and eventually decline, thus limiting the possibility to improve sports results with greater training loads. Continuing to achieve high results by perfecting tactics, techniques, and competition skills are the tasks of this stage. The macrocycles may have a prolonged competition period. Some athletes in sports requiring maximal strength or extreme aerobic endurance—for example, powerlifters, weightlifters, hammer throwers, and long-distance runners or skiers—retain their ability or even make progress after they are 40 years old.

At this stage, the volume of training loads is initially stabilized, although the volume of selected types of exercises may be periodically increased. The total number of training hours per year may decline from the peak of the previous stage and eventually range between 1000 and 1100 hours (Platonov 1997).

Some athletes at this stage tend to avoid competitions, either because they have “had it” or because of health concerns, but can be mobilized by financial rewards (Ulatowski 1996).

The maintenance stage. This stage is entered between 36–40 years of age. Maintaining health, abilities, and skills is the purpose of sports training, which now has a recreational character.

The progress from one stage to another follows the biological changes in the athlete: the growth of the body and the increase of its functions, stabilization at maturity, followed by a decline. The stages are not sharply demarcated just as the stages of a person’s physical development are not sharply demarcated. The means and methods of training do not change suddenly because the athlete entered a higher stage.

The duration of each stage varies depending on the age and the level of abilities and movement erudition acquired prior to beginning sports training, the pace of an athlete’s biological development and, his or her progress in sports mastery, and the specifics of the sport (Platonov 1997; Polishchuk 1997). On the average each stage lasts from two to three years, but the actual duration of stages depends on the individual athlete. Most varied are the durations of the first stage, which depends on the age of entering the sport, and the mastery stage. Each stage, with the exception of the initial preparation stage, is subdivided into macrocycles.

In the first two stages of long-term sports training, success in competitions has little importance. The task is to lay a sound foundation for future specialization, and neither the intensity nor the volume of work should be such as to make it necessary to divide the year into periods. Periodization is applied with athletes who are at least 15 years old (Jagiello 1993).

At higher stages of training, from the specialization stage on, an increasing number of competitions and an intensity of work that cannot be safely maintained for a long time forces division of the macrocycle into periods with a changing ratio of the intensity to the volume of work. In the sports training of children an increase of loads results for the most part from the growth of the child assisted by adequate methods and exercises, and not from intensive training that makes periodization necessary.

Training plans for each of these just-named stages of long-term training must reflect the individual talents and deficiencies of the athlete, the biological age, the sports results, and the changing tasks of training in the particular stage. The biological age of the athlete determines what abilities should be stressed in training at a given age because at different ages children and youth are most receptive to different stimuli developing different movement abilities. These are called “sensitive ages” for a given physical ability (endurance, speed, strength, flexibility, components of coordination). The consequence of not developing a given ability during its sensitive age is reduced fitness and athletic potential lost forever (Drabik 1996).

To make long-term training plans it is necessary to know the minimum and maximum effective training loads for athletes of various levels at a given stage of training, the rates of increasing the loads for athletes of various levels, and how the loads vary during a given macrocycle. This information is best obtained by studying records of long-term training of many successful athletes of a given sport—not to copy their training but to see general tendencies and universal principles. The actual application of training loads must be directed by an athlete’s reaction to them.





Annual Training Plans

To make plans for a year, the following factors have to be considered:

1. Major tasks facing the athletes in the coming year. This means both the tasks resulting from this year’s place in a given stage of the athletes’ long-term development as well as preparation for the year’s main competitions.

2. Schedule of starts for the main competitions and for competitions athletes have to enter to qualify for the main ones.

3. Minimal level of skills and abilities needed in competitions. It is necessary to know what levels of sport-specific skills and abilities are required for planned competitions, and what levels of general and directed preparation provide a foundation for the sport-specific preparation and counterbalance its detrimental effects.

4. Amount, means, and methods of work that will be dedicated to developing each skill and ability. To make yearly training plans it is necessary to know how an athlete responds to training loads and so how much work it will take to realize the partial and the ultimate training goals.

For example, for track-and-field athletes usually 6–8 repetitions of a workout with a close to maximal load is enough to reach the desired level of ability, but athletes of greater experience, at more advanced stages of training, may need 12–15 such workouts. For young track-and-field athletes who have just entered the stage of specialization, loads of maximal intensity can be used once every 12–14 days and only 2–4 times during preparation for a competition period. Advanced athletes work out with loads close to maximal more often because of their faster recovery (Zaremba 1982).

5. Measurable partial goals and training tasks for ensuring the effectiveness of preparation for the main competition.

6. What, how, and when to test, so as to get information useful for correcting the training process.

7. General concept of how training loads will be arranged (how many macrocycles—if any—what structure the macrocycles will have, how long their periods will be, and what will be the arrangement of mesocycles and microcycles).

To decide how many macrocycles should be in a year the coach has to take into account the dates of competitions athletes have to enter during that year to maintain their rankings and to qualify for the main competition of the year.

Next the coach will divide the macrocycles into periods and plan the periods themselves by deciding what mesocycles and microcycles will best suit the athletes’ needs and limitations.

Eventually the coach will plan the microcycles and then single workouts within each microcycle. At every level of planning (macrocycle, period, mesocycle, microcycle), corrections are to be made continuously depending on the athletes’ response to the means of training.

The length of cycles and the changes of training loads in them must depend on an athlete’s response to training. To determine when each type of load has to be increased or decreased, it is necessary to constantly monitor an athlete’s reaction to training loads. Monitoring, or control of the training process, is the next subject to consider.





17. Control of the Training Process

Control of the training process means measuring changes in physical abilities, technical and tactical skills, and mental preparedness, and then adjusting the means of training to obtain planned results. When conducted properly, control of the training process allows conclusions to be drawn about the effectiveness of training methods used, thus helping with planning the training. A systematic, planned training process requires the constant feedback provided by continuous and systematic testing.

Athletic form is an optimal blend of physical and psychological abilities, and technical and tactical skills. It can be measured by respective kinds of tests, but the best indicator of good form, although not always the most practical, is consistency of results in competitions.

In many sports it is impossible to measure the level of skills and abilities by using the results of competitive exercises because either the load in them is too great (long-distance running), or there are too many variables (individual contact sports, team games). In such cases, measuring abilities and skills in their directed form or even their general form must provide information about the level of competitive form. These tests must reflect the demands of a particular sport—for example, the tests of a long-distance runner must include efforts of the first zone of intensity (for zones of intensity see table 1 in chapter 1); the tests of a sprinter must include efforts of the fourth zone; testing boxers must include efforts of the third zone. The form of test exercise must be close to the competitive exercise—runners should run, cyclists cycle, boxers punch, and wrestlers throw a wrestling dummy.

Well-designed sport-specific tests provide a complex evaluation of the athletic form revealing the weak links that limit the possibility of reaching record results. At the same time well-designed sport-specific tests are very effective at improving an athlete’s competitive form. The test designed by coaches of Pawel Nastula, two times world champion and Olympic gold winner in judo wrestling, served also as a substitute for hard grappling at times when he could not risk even a small injury. The test consisted of repetitions of three simple actions yet it was a very accurate predictor of competitive performance (Lerczak et al. 1996).

The results of any tests have to be compared with the behavior of the athlete in control competitions to verify the usefulness of the tests. Also the cyclic character of training has to be taken into account. For sport-specific tests the main workout of the microcycle can be chosen and the reactions of the athlete to particular phases (fragments) of the workout and to repetition of this type of workout can be measured. Only systematically repeated measurements of a factor or a set of factors during, for example, the main workout of the microcycle in the course of several microcycles, may reveal the relationship of training to results in competitions.

Example: In consecutive control matches a boxer was found to experience a lowering of the maximal heart rate and a stabilization of his lactic acid concentration. In a subsequent world championship competition his performance was very disappointing. In the course of his preparations for the next main competition (the Olympic Games), when the same factors were systematically controlled, it turned out that these characteristics were caused by exceeding certain time limits exercising using the continuous training method. In addition, these factors were accompanied by a marked increase in recovery time. Cutting continuous work to necessary time only, intensifying workouts, and introducing more rest breaks resulted in changes in these measured factors, and in good athletic form as demonstrated by an increase of the maximal frequency of punches (Zaton 1987).

As a rule the maximal heart rate of boxers who were in good shape went up to considerably more than 200 beats a minute in short periods during a round in consecutive fights. Initially, researchers thought that was a symptom of reduced parasympathetic control resulting from the extreme emotional stress of a fight, but it turned out that this meant increased competitive form expressing itself in good mobility in the ring, good sense of distance, good footwork, and good tolerance of changes in the pace of action. The increase of the maximal heart rate was usually accompanied by a more efficient recovery, as measured by the speed of return to resting values of the heart rate (Dziasko et al. 1982).

This example shows that through analyzing the changes of the regularly measured indicators in main workouts of consecutive microcycles, particularly in the mesocycle immediately preceding competition, and comparing these changes with an athlete’s behavior in control competitions, it is possible to control the effectiveness of the training process (Dziasko et al. 1982).





Principles of Control of Sports Training

There are several principles of control of sports training (Pac-Pomarnacki 1987).


	—Control should be complex [but not complicated]. It should systematically deal with all relevant abilities and skills.

	—The parameters and methods of control should be uniform within groups of related sports disciplines and within types of control (didactical, biomechanical, biomedical, psychological).



Didactic control refers to the measurement of learning and knowledge, and the proper application of these learnings. Examples of didactic control measurement range from a coach’s evaluation during observation of the athlete’s performance to actual paper and pen testing. The coach examines the question of how well the athlete demonstrates understanding of what has been taught.

Biomechanical control refers to measuring the mechanical forces and structures that are elements of an athlete’s movements. An example of a biomechanical measurement would be performing exercises on a tension plate.

Biomedical control refers to medical tests of enzyme activity, cellular changes, and chemical substances in the blood. An example of a biomedical measurement would be to determine the lactic acid concentration in the blood.

Psychological control refers to measuring attitudes, motivation, and other mental conditions. It also involves measuring functions of the nervous system, such as perception and reaction times. Examples of psychological measurement would be a coach’s observation of an athlete’s team play (social cohesion) during games, or measurements of specific reaction times.


	—Technical measuring devices should be capable of being subjected to calibration and verification.

	—Procedures used in control should be comfortable for the athlete.

	—The choice of criteria, tests, and methods of control should be related to the goals and needs of particular stages of the training process.

	—The number of parameters and the methods of control should not be excessive, beyond a coach’s ability to analyze.

	—Tests and methods of control should be objective, reliable, pertinent, discriminating, normalized, and standardized.




	Objectivity means that the conditions of the test are the same for everybody tested, that neither the subjects nor the testers influence results.

	Reliability means that the results of repeated tests of the same subjects in the same conditions are consistent. It requires that all subjects perform all tests to the utmost of their ability, the instructions for the test and measuring procedures are explicit (leaving nothing to interpretation), the testers take measurements precisely, and the results are not determined by chance.

	Pertinence requires that the test evaluates what a tester wants it to evaluate—for example, a test of sprinting is not pertinent to testing the sport-specific speed of boxers. There has to be a high correlation between the result of a test and a given element of performance. An integral sport-specific test is pertinent if a ranking of athletes based on the test correlates significantly with a ranking based on competitions.

	Discrimination requires that results reflect differences in an athlete’s form. Tests in which all tested, regardless of their current form, have similar results are not discriminating and are useless.

	Normalization means that the results of a test must display normal distribution in which the majority of results fall close to the average and very good and very poor results are a minority.

	Standardization means formulating standards for the tested population on the basis of the results of the tests. Point values should be assigned to the results of tests so the middle of the point scale corresponds to the arithmetic mean of the results.



This makes it easy for anyone to see where any tested athlete placed in relation to the tested population.





Flaws of Control

Control of the training process can be subject to certain flaws (Pac-Pomarnacki 1987).


	—Excessive number of tests. According to I. P. Ratov (1984), control of the training process takes one-fourth of the training time. The Institute of Science and Research in Moscow states that in control of sports training, 300 instrumental methods are used to measure more than 3000 parameters!

	—Nonsynchronic registration of the parameters of different types of control (didactical, biomechanical, biomedical, and psychological). Various data are registered at various times, in various conditions, making it difficult to find their mutual relationship.



The so-called multiaspect evaluations of an athlete’s reaction to given stimuli are done in various laboratories by psychologists, physiologists, biochemists and histologists, biomechanics, and other specialists. It involves various research methods and concerns various properties of the athlete’s body. A coach relying mostly on intuition picks from this data what seems to be the least contradictory. Then, still acting intuitively, the coach tries to plan or correct the training process. This is not a rational approach. The team of specialists should study and interpret the behavior of the athlete in a typical training situation and not in the artificial settings of various laboratories (Zaton 1987).


	—Relying on universal laboratory tests for control and planning of training. Universal laboratory tests are not sensitive enough to reveal day-to-day changes in an athlete’s shape.

	—Using mean statistical values. Mean statistical values, which are commonly used by researchers, describe the average level of athletic performance that can be reached in an indefinite number of ways because these average performances depend on various combinations of contributing factors. A set of parameters registered at the moment of a single peak performance is much more informative, because it reveals the true abilities of the athlete. Records are not accidental!

	—Concentrating technical control in the period of starts when it is too late for any corrections.

	—Control without instant correction. Control should be accompanied by an instant correction of the performed exercise. Well-designed sport-specific tests are very effective sport-specific exercises.

	—Not taking into account the cyclic character of the training process. An athlete’s responses to training have a continuous cyclic character in spite of the “effort-rest-effort” (on-off) schedule of training. The amplitude and the character of an athlete’s responses are variable, depending on several external stimuli and on his or her [changing] susceptibility to these stimuli (Zaton 1987).



Sports training requires subjecting an athlete to several stimuli at the same time, which makes it difficult if not impossible to accurately predict how the athlete will respond to all those stimuli. In the case of just two stimuli it is hard to tell if a response is the sum of the effects of these two stimuli, or proportional results from their interaction, or from the time interval between them. With a greater number of stimuli, predicting an athlete’s response obviously gets even more difficult. The cyclic character of the training process makes it possible to detect relationships between arrangements of stimuli and the athlete’s response. Repetition of training efforts [and measurements] in identical sequence in subsequent cycles permits accurate observation and effective regulation of training (Zaton 1998).

In many research laboratories, effectiveness of the training process in various sports is evaluated by universal tests. This is justified by statistical differences in the results of these laboratory tests among athletes of various sports. Then, as a result of such studies, models of champion athletes for the respective sports are designed. These models become a foundation for a system of training. Such an approach to studying athletes may serve to teach about long-term changes in particular functions of an athlete, but it does not give a basis for decisions concerning training plans for the near future (Zaton 1987). Also, it is worth remembering that many athletes within the same sport, if tested by universal methods, can match the champion model for their sport, but their sport-specific and competitive performance does not come close to that of the champions.

Measuring reactions of the athlete’s body while punching a heavy boxing bag is more valuable for evaluating the competitive form of boxers than typical laboratory ergometric tests. Dziasko et al. (1982) showed that the maximal oxygen uptake (VO2max), maximal lung ventilation, and the heart rate boxers reached during ergometric tests were consistently lower than those reached while punching the bag or fighting. The values reached while punching the bag were lower than while fighting. The values of maximal oxygen uptake, maximal lung ventilation, and heart rate measured during sport-specific effort changed depending on the methods and loads used in training, while the values of the same indicators reached during ergometric laboratory tests in the same time were stable, even when the competitive form of a boxer went down, as measured by these values in sport-specific tests (Dziasko et al. 1982).

When choosing exercises, not only the zone of intensity but also the form of exercise has to be taken into account. Each athlete adapts differently to various efforts of the same intensity. For example, in a study conducted by Dziasko et al. (1982), one boxer was overfatigued after each application of a continuous aerobic effort when the general exercises were used, but after an effort of the same intensity and duration done using directed exercises, he was not overfatigued.

There are great differences in the relation between heart rate and oxygen uptake (VO2) in various exercises. At the same level of oxygen uptake the heart rate, pulmonary ventilation, and perceived effort are higher in upper body exercises than in lower body exercises (McArdle, Katch, and Katch 1996). For example, during a run with a velocity of 12 km (7.2 miles) an hour, one boxer had a heart rate of 150/min and an oxygen uptake (VO2) about 65% of his maximum, but during exercises with the maize bag having the same heart rate, his oxygen uptake was only 42% of his maximum (Dziasko et al. 1982).

Measurements that do not take into account the cyclic character of training are rarely reliable. It is impossible to evaluate an athlete independently from the training stage, amount of rest, and the sequence of the kinds of workouts preceding the measurement. The same work performed on different days of a microcycle can cause diametrically different reactions in the same athlete.

Zaton (1987) reports an experiment in which a high-ranking swimmer had his pulse and maximal oxygen uptake (VO2max) measured while swimming in a harness (Costill’s ergometer). This was done in the course of several workouts, after a warm-up and before the main part of workout. The swimmer was consistently achieving his maximal pulling force of 17 ± 0.5 kgf (kilogram force). His maximum heart rate and maximal oxygen uptake as measured during this sport-specific test, however, varied widely throughout the microcycle (see figure 14).

On those same days the swimmer was tested in the laboratory on equipment that is routinely used to evaluate the aerobic fitness of athletes of all sports disciplines (Monark ergometer and gas analyzer, for example). His universal laboratory tests did not show any changes in the measured maximum heart rate and maximal oxygen uptake. The results of these laboratory tests were constant even when substantial changes were made in the structure of training, exercises, and loads. It shows that universal laboratory tests are of little use in evaluating the effectiveness of training of highly ranked athletes. This conclusion is confirmed by a comparison of routine universal laboratory tests with sport-specific road tests done on a group of bicyclists throughout all stages of their yearly training cycle.


[image: Figure 14. Changes of HR_{min} and VO_{2}max in subsequent workouts of a swimmer’s training]

Figure 14. Changes of HRmax and VO2max in subsequent workouts of a swimmer’s training. Reprinted with permission from Marek Zaton 1987. “Niektore aspekty kontroli zmian zdolnosci wysilkowej w treningu sportowym.” In Sport Wyczynowy no. 12/276, Copyright © 1987 Sport Wyczynowy.





[image: Figure 15. Laboratory (L) and road (R) tests of cyclists during a macrocycle]
Figure 15. Laboratory and road tests of cyclists during a macrocycle.
Reprinted with permission from Marek Zaton 1987. “Niektore aspekty kontroli zmian zdolnosci wysilkowej w treningu sportowym.” In Sport Wyczynowy no. 12/276. Copyright © 1987 Sport Wyczynowy.




Universal laboratory tests were showing uniformly high maximal oxygen uptake in mature cyclists who had achieved high athletic rank. On the contrary, the measurements of maximal oxygen uptake done in sport-specific road tests varied (as figure 15 shows) in relation to the [short-term] training effect and so could be used to evaluate this effect (Zaton 1987).

It is important to choose properly what to measure by which method so that the method can be used in sport-specific actions of the athlete without interrupting them. This is necessary for the control to be effective. In the previously mentioned study of the group of road cyclists (Zaton 1987), it was shown that oxygen uptake and velocity change in such a similar way that it is possible to omit measuring oxygen uptake and evaluate effort capability using only changes of velocity. The same research showed that athletes’ form can be evaluated by systematic control of threshold velocity, the speed of movements at which blood lactate accumulates above its resting level (anaerobic threshold or, more precisely, blood lactate threshold). Threshold velocity may be established by measuring both blood lactate and heart rate at different velocities or speeds of movements. The heart rate at the blood lactate threshold in a given exercise indicates threshold velocity. If such precision is not needed the coach can dispense with measuring the actual blood lactate and simply measure heart rate and use Maffetone’s formula to determine the maximum heart rate below the blood lactate threshold.


[image: Figure 16. Changes of a cyclist’s speed and VO_{2}max during a macrocycle.]
Figure 16. Changes of a cyclist’s speed and VO2max during a macrocycle. Reprinted with permission from Marek Zaton 1987. “Niektore aspekty kontroli zmian zdolnosci wysilkowej w treningu sportowym.” In Sport Wyczynowy no. 12/276. Copyright © 1987 Sport Wyczynowy.



The degree of realization of the goals of each workout, microcycle, mesocycle, or of each period is the object of the control of the training process. The desired values of changes in the body of the athlete must be compared with the actual effects of training. The goal of testing is to compare the training goals with achieved effects in a workout, microcycle, mesocycle, or period.

What to measure. Measure the training load and the current state of the athlete, in particular the athlete’s work capability in the competitive activity, and in three kinds of preparation for it, i.e., general, directed, and sport-specific preparation.

The effectiveness of the elements of general preparation is evaluated selectively by appropriate general exercises—for example, general aerobic fitness by running or cycling. An evaluation of the realization of the goals of sport-specific preparation is done through preparatory forms of the competitive exercise, which must have a complex character.

The effectiveness of a microcycle, for example, is to be evaluated by tests relevant to the task of this microcycle, so tests of maximal strength or aerobic endurance are not relevant if the task of a microcycle is to develop maximal speed of movements.

How to measure. How the coach measures depends on the kind of competitive activity and competitive strategy, and on the possibility of evaluation of particular features of the athlete. The measurement may be complex or partial. The complex methods of measurement measure several abilities and skills by one test. Partial methods of measurement permit an evaluation of the level of one ability, taking into account its role and its manifestation in conditions of the competition—for example, the test of a complex reaction in boxing.

When to measure. The schedule of measurements should be subjected to the cyclic character of the training process at the level of one exercise, workout, microcycle, mesocycle, or period. Maximal speed or strength is not to be measured at the end of a strenuous workout or while an athlete is still recovering after such a workout. The effectiveness of a microcycle is measured during the main workout of this microcycle, not during recovery between main workouts.





Training Effects and Their Control

The effect of training varies depending on the initial state of the athlete, content of a workout, cumulative effects of consecutive workouts, and the rest interval between workouts.

Immediate training effect is the most sensitive to the performed exercise. It reflects the athlete’s “operational state” in reaction to the exercise. Its most obvious indicators are heart rate and breathing rate.

To evaluate it most often the heart rate, breathing rate, amplitude of muscle tremor, quality of performance, and if possible biochemical changes such as blood pH are measured during the exercises, immediately after the exercises, and during rest breaks between repetitions. These results are related to previous reactions to the same exercises. As a result of this control, intensity, volume, quality, sequence of exercises, and duration of rest between exercises in a workout can be corrected (Wazny 1983; Sozanski and Zaporozanow [Zaporozhanov] 1993; Jewgieniewa [Yevgen’eva] 1991b).

An improper sequence of exercises may cause the opposite of the desired training effect. For example, strength or strength-endurance exercises are better tolerated and more effective if preceded by speed exercises and are worse tolerated and less effective after aerobic endurance exercises (Naglak 1979).

The duration of rest between exercises or sets of exercises influences the effect of exercises. An optimal duration of rest permits maintaining the desired quality of performance and affecting the targeted energy system. Rest too short for full recovery causes quick accumulation of fatigue, changes the influence of exercise, and may lower the quality of performance. Rest too long lowers the quality of performance because the athlete loses the warming up effect of the previous activity.

Observation of the immediate training effect informs the coach about the effectiveness of rest breaks and lets him or her choose the best type of rest.

Delayed training effect is what the immediate training effect transforms into, depending on the time elapsed since the workout, and it relates to the degree of an athlete’s recovery and rebuilding between workouts. Delayed training effect reflects the athlete’s “current state,” which oscillates daily. There are three stages of delayed training effect (Matveyev [Matveev] 1981): “underrecovery” of work capacity, recovery to the preworkout level, and recovery above the preworkout level—called supercompensation.

Some systems recover faster than others, so the abilities or skills that are based on their efficiency are back to normal or above normal earlier than others. If the next workout begins before the rebuilding of energy stores is complete and before the metabolism has returned to normal, the internal training load of that next workout will be increased. If the rest interval is long enough to allow complete recovery but not much more, the volume and intensity of training work possible in the next workout will be the same as in the most recent workout. Such rest intervals are used when stabilization and consolidation of morphological and functional changes in the organism is desired (Matveyev [Matveev] 1981). If the rest interval is long enough to permit recovery over and above the initial state (or supercompensation), it allows an increase in the load of the next workout.

To evaluate delayed training effect or changes in speed of recovery and type of fatigue, measurements are taken before a workout and a few hours after. The most-often measured indicators of delayed training effect are heart rate, weight (water) loss, and tests of relevant abilities—for example, a choice reaction time test for a boxer—that inform holistically about the degree of recovery after a workout or a set of workouts (Dziasko et al. 1982; Wazny 1983). Other such measurements are amplitude of muscle tremor and amplitude of muscle tonus (Jewgieniewa [Yevgen’eva] 1991b). Biochemical measurements of processes of protein synthesis such as the concentration of urea in the blood may also be used when practicable (Jewgieniewa [Yevgen’eva] 1991b).

The efficiency of recovery of the cardiovascular system is related to losses of weight, evening and morning resting heart rate, and reaction time to visual stimuli. Consequently, the analysis of the reactions of the cardiovascular system may be used for evaluating the current athletic form (Dziasko et al. 1982).

Evaluation of the delayed training effect lets a coach compare the planned progression of athletic form to the actual progression and correct the volume, intensity, and type of loads within a microcycle.

Cumulative training effect is the sum of functional and morphological changes in the athlete caused by (and also affecting) the immediate and the delayed training effects. It is more stable than immediate or delayed effects. There are cumulative effects of a microcycle, mesocycle, and of a period of training. Cumulative training effect reflects an athlete’s relatively “permanent state,” so it should be evaluated by tests that are not affected by day-to-day oscillations in an athlete’s current state. For example, an athlete’s maximal strength or maximal oxygen uptake will vary little even when fatigued between workouts.

The cumulative training effect of a microcycle is measured by standard effort tests (Dziasko et al. 1982). These are tests of exact duration, intensity, and conditions of performing. The better trained the athletes, the less affected they are by the standard effort—for example, the lower is their oxygen uptake, lung ventilation, and heart rate. Lowering of functional indicators in subsequent tests of the same effort is a sign of good adaptation.

These standard tests, to measure the effect of a microcycle, have to consist of the same type of efforts as the main task of the microcycle. Hence, the effectiveness of work in a microcycle dedicated to developing aerobic capacity has to be tested by standard tests consisting of aerobic efforts such as running and not by tests of strength or agility. In the case of short microcycles, lasting 2–4 days, and repeated several times, the tests can be done after every three or every four such microcycles (Dziasko et al. 1982).

The cumulative training effect of a mesocycle is measured by maximal effort tests, which require full mobilization from an athlete (Dziasko et al. 1982). In these tests the better trained the athlete, the greater the amount of work he or she performs and the greater are the functional changes (for example, a higher value of maximal oxygen uptake and lung ventilation). These tests can be either general or sport-specific, depending on the task of the mesocycle. To evaluate the cumulative training effect of a period, the efficiency of organs and systems and the level of abilities and skills are measured before and after each period of training (such as the general preparation period, sport-specific preparation period, competition period). These measurements are compared with a task for the period and with the model of a champion, and then corrections are made in the plan of the period (Sozanski and Zaporozanow [Zaporozhanov] 1993).

Overtraining

Chronic flaws in training may lead to an adverse cumulative effect—overtraining.

There are two types of overtraining: basedowic and addisonic. In basedowic overtraining, the sympathetic system is excessively active at rest, and in addisonic overtraining, the parasympathetic system is excessively active at rest and during exercise (Israel 1976; Kraemer 1994b). In basedowic overtraining the processes of excitation dominate in the central nervous system and in addisonic overtraining the processes of inhibition dominate in the central nervous system (Israel 1976).

Basedowic overtraining may result from doing high-intensity training without prior preparation by an appropriately high volume of low-intensity work or too much psycho-emotional stress of any kind (Israel 1976; Lehmann et al. 1998).

Addisonic overtraining may result from an excessive volume of work leading to exhaustion of energy resources, monotonous training, or too little recovery time, all of which may also be combined with other stresses (Israel 1976; Lehmann et al. 1998). Researchers give an example of a professional tennis player who become addisonically overtrained after 3 ATP (Association of Tennis Professionals) finals on 3 different continents within four weeks (Lehmann et al. 1997).

The complete set of symptoms of addisonic overtraining may be expected after a prolonged period of daily 2-hour or longer workouts. Working out less than one hour daily may lead to overtraining manifesting itself in a lowered performance that does not improve even after two weeks of recovery but does not cause all the typical symptoms of addisonic overtraining (Lehmann et al. 1998; Gastmann et al. 1998).

The two lists of symptoms here—the first for basedowic and the second for addisonic overtraining—can be recognized without performing blood analysis and other laboratory techniques. The importance of this is that a laboratory analysis of resting parameters of blood and urine is not very reliable at detecting overtraining in athletes whose average energy demands are less than 3000 kcal per day even though they are overtrained (Gastmann et al. 1998).7

Symptoms of basedowic overtraining

Here are the symptoms of basedowic overtraining (Israel 1976; Kuipers and Keizer 1988; Wawrzynczak-Witkowska 1991; FISA 1993):


	Getting fatigued easily

	Sleep disturbances

	Reduced appetite

	Weight loss

	Profuse sweating even with small efforts, sweating at night, sweaty palms

	Paleness, dark circles under eyes

	Proneness to headaches

	Palpitations, needling pains in the heart

	Accelerated resting heart rate—either sudden or gradual increase of the pulse taken in the morning

	Delayed return of heart rate to resting value after an effort

	Abnormally increased frequency and depth of breathing

	Increased resting blood pressure

	Drop in systolic blood pressure upon standing (orthostatic hypotension)

	Slightly increased temperature

	Overreacting to sensory stimuli, particularly to acoustic stimuli

	Shorter simple-reaction time but longer complex-reaction time

	Lowered physical efficiency, worsened coordination and technical skill, often exaggerated movements

	Increased muscle tremor

	Extended time of recovery

	Increased nervousness and emotional instability, irritability, aggression or depression compounded by lack of success despite hard work, conflicts with others, apathy, anxiety, even phobias

	Strong muscle pains and stiffness on the day after a heavy workout and increase of pain with successive workouts

	Increased susceptibility to injuries and infections

	Feeling of mental and physical fatigue, even exhaustion



Several of these symptoms are the same as those of Aerobic Deficiency Syndrome (Maffetone 1997). This is because both basedowic overtraining and aerobic deficiency result from an excessive production of lactate. Aerobic deficiency may result from eating too much carbohydrates (“good” or “bad”—doesn’t matter), not eating enough of the right fats and protein, and exercising too much at an intensity above the onset of blood lactate accumulation or too little below it (too little aerobic efforts).

Symptoms of addisonic overtraining

Many of the body functions in an addisonically overtrained athlete give every appearance of being normal. Appetite, body temperature, and sleep patterns are normal, there are no headaches, breathing problems, or changes in body weight. The problems appear when an athlete attempts to mobilize his or her resources. It’s best expressed, perhaps, in this sentence: “I step on the gas and nothing happens” (Lehmann et al. 1997). But there are some measurable distinctions (Israel 1976; Conconi 1998; Hübner-Wozniak 1999; Kuipers and Keizer 1988).


	Getting fatigued easily

	Low resting heart rate

	Quick return of heart rate to the resting value after effort

	Decrease of maximal heart rate even by 10 beats per minute, and lower heart rate at the onset of blood lactate accumulation

	Hypotension (lower blood pressure at rest)

	Diastolic blood pressure increased to 100 mm Hg during exercise and immediately after

	Reaction time normal or elongated

	Recovery good or very good (normal or even shortened time of recovery)

	Phlegmatic behavior

	No mood disturbances, but lack of sureness in evaluating one’s own fitness

	Lowered physical efficiency and worsened coordination at high intensity of effort

	Good results in many functional tests at submaximal intensity of effort

	An athlete in seemingly good condition cannot possibly perform at maximal intensity and may be accused of weak will, poor motivation, lack of fighting spirit.

	Results of tests of the adrenal cortex function may be normal or excellent.



In both types of overtraining a fear of sports equipment may occur (Israel 1976).

Both types of overtraining occur in clearly distinguishable form but not all symptoms must be equally pronounced in all individuals. In different athletes symptoms associated with some organs may be more pronounced than others and so symptoms of overtraining may predominate in the cardiovascular system, respiratory system, nervous system, muscular system—wherever are the weakest links in the athlete’s constitution (Fry et al. 1991; Israel 1976). Overtraining is also sport-specific, meaning that it affects most the performance of the sport-specific activity. For example, an overtrained shot-putter may still run sprints at his normal times, or an overtrained middle-distance runner may perform well at long distances (Israel 1976).

Overtraining produces mental symptoms and mood changes and so psychological testing provides a method for evaluation of an athlete’s shape and early detection of overtraining. William P. Morgan (Morgan 1985) proposed the use of psychological testing to monitor an athlete’s psychological response to changing training loads. A study conducted by W. P. Morgan and D. R. Brown (1983) showed that for athletes whose performance worsened as a result of an increasing training load, the worsened performance “invariably accompanies mood disturbances of clinical significance and previous levels of performance may not return until the depression lifts” (Morgan 1985). Mood changes were measured using the Profile of Mood States (POMS). Athletes in good shape scored below the population average on negative measures of this test (tension, depression, fatigue, and confusion), but above average on a positive measure (vigor). For overtrained athletes this pattern was reversed (Morgan 1985).

Similar results were shown in a study of swimmers at Sport Psychology Laboratory, University of Wisconsin-Madison (Morgan et al. 1988). There was a close agreement (89%) between the psychometrical and physiological symptoms of distress. Swimmers completed the POMS, a muscle soreness scale, and a 24-hour history each morning prior to the first of two daily training sessions. Swimmers who were distressed reported muscle soreness, depression, anger, fatigue, and global mood disturbance, along with a reduction in their general sense of well-being.

Stages of Overtraining

There are three stages of overtraining. At the first two stages symptoms of basedowic overtraining are more pronounced than symptoms of addisonic overtraining. Basedowic overtraining becomes obvious early, at the first stage, while addisonic overtraining is hard to recognize, except that the athlete’s performance worsens and increasing training loads only causes its further worsening. The difficulty of recognizing addisonic overtraining at its early stages may be explained by decreased cortisol response. Also growth hormone release may be increased in the early stages and decreased in the advanced stage of addisonic overtraining (Lehmann et al. 1998).

When addisonic overtraining is recognized, if it is recognized at all, it is firmly established, and takes from a few weeks to even a few months to recover from (Israel 1976).

In the case of basedowic overtraining the athlete can start a gradual return to sport-specific training as soon as the symptoms of basedowic overtraining disappear (Israel 1976).

Here are the three stages of overtraining (Chogovadze and Butchenko 1984; Geselevich 1976):

1. The first stage. The sports results stop increasing, or even decline. In the case of basedowic overtraining processes of excitation dominate over processes of inhibition in the central nervous system. The athlete becomes irritable, unpleasant, complains of poor sleep (difficulty falling asleep and frequent waking up), does not feel good, and loses weight. Sometimes after efforts the athlete has palpitations, possible changes in the rhythm of the heart, and breathes more frequently than usual.

To stop the development of overtraining at this stage it is necessary to change the schedule and methods of training. Additional days of active rest (other sports disciplines or activities other than the athlete’s sport) must be introduced into the microcycle. All competitions must be canceled, the total training load reduced, and all long, intensive, or technically complex exercises discontinued. It is necessary to closely watch the athlete’s nutrition, improve its quality, and carry out complex vitaminization. Taking these measures will restore the former trainability in 20–30 days. After an additional medical checkup and permission of the physician, the athlete can return to normal training.

2. The second stage. If the proper measures are not taken, the second stage of overtraining may follow. In this stage the sports performance gets clearly worse and the ability to handle training loads is also lowered. After workouts the basedowically overtrained athlete is unusually weak and tired. The athlete starts to avoid any physical effort. Irritability increases. Falling asleep takes longer and the sleep is not restful—it is shallow, often with nightmares. Some athletes complain of worsened kinesthesia.

In basedowic overtraining the blood pressure and resting heart rate increase and so does the heart rate measured when standard efforts are performed. Reaction to functional tests (such as the stress test) is atypical as a rule. Often, at this second stage of overtraining, the athlete gets various illnesses. The athlete complains of pain in the vicinity of the heart (feeling of squeezing, irregular beats), and also a heaviness on the right side, below the rib cage. Female athletes may experience menstrual irregularities and male athletes experience change in sexual function.

At this stage a basedowically overtrained athlete loses weight (mostly lean tissue) because of increased catabolism of proteins. The strength and the resilience of muscles and elasticity of ligaments are diminished. Coordination of agonist-antagonist muscle action is worsened, which increases chances of injury.

In addisonic overtraining the resting heart rate and blood pressure are drastically lowered.

In certain cases sports results get better but only for a short time—as a rule the improvement is not lasting. This temporary improvement of results can deceive the coach and the athlete. To reestablish full trainability, in addition to the measures used in the treatment of the first stage of overtraining, the athlete ought to stop all sport-specific training for two to three weeks. Instead, workouts of the active rest type are recommended. Gradual return to sportspecific preparation takes place over a period of one to two months. Medical treatment is conducted by a physician.

3. The third stage. If the violation of the proper methodology of training continues—the loads are further increased, the athlete participates in competitions without sufficient rest and without necessary preparation, or as in several cases, when ill—the overtraining enters its third stage. Trainability declines sharply. The athlete lacks interest in his or her sports discipline, “loses heart,” becomes weak, depressed, and loses faith in his or her abilities. In case of basedowic overtraining the athlete is overreactive, complains of insomnia, fatigue, and weariness.

In case of addisonic overtraining the athlete is apathetic, fatigues quickly, is sleepy during the day.

The athlete who entered this stage of overtraining needs special medical attention and should be admitted to a hospital or sanatorium. Return to training is permitted after one-and-a-half to two months.

Treatment for both basedowic and addisonic overtraining consists of special diets, physiotherapy, and climatic therapy.

Treatment for Basedowic Overtraining

Training: Considerable reduction of sport-specific training loads, low intensity endurance work, in some cases merely active rest, such as swimming in open waters, exercises conducted in the form of fun and games, easy calisthenics (Israel 1976; Bompa 1994)

Nutrition: Increased acidity influences the internal environment of the body and lowers an athlete’s work capacity. To normalize the acid-base balance it is recommended to include in meals foods rich in alkali such as fruits, vegetables, milk and milk products, as well as alkaline mineral waters (Geselevich 1976). An athlete needs increased amounts of vitamins A, B, and C, no stimulants (coffee, tea). Sedatives and soporifics may be prescribed; alcohol in small quantities is permitted (Israel 1976).

Physiotherapy: Warm baths 34–37 degrees Celsius (93–99° F) with valerian or potassium bromide, cold showers in the morning, light and rhythmical exercise, massage, sauna at low temperatures if at all (Israel 1976; Bompa 1994)

Climatic therapy: Moderate ultraviolet irradiation, a stay in the mountains (Israel 1976)

Treatment for Addisonic Overtraining

Training: Reduction of the volume of training, increase variable training and interval training with short but very intense efforts, team games, speed-strength exercises. Monotonous work is to be avoided. In endurance sports athletes should train on shorter distances. An athlete should not return to the highest training loads (Israel 1976).

Nutrition: Acidifying foods (cheese, meat, eggs), vitamins (B, C), no medications, natural coffee (Israel 1976; Bompa 1994)

Physiotherapy: Vigorous massage, hot-cold showers, short, drastic applications of sauna alternated with cold showers (Israel 1976) Climatic therapy: Stay at the seaside (Israel 1976)

The Uglier Sibling of Overtraining

There is an illness that has the same symptoms as overtraining but can have much more serious consequences, including sudden death. It is called “choroba odogniskowa” in Polish, in English chronic low-grade infection that may develop into septicemia and become septic shock. It starts as a local bacterial infection and then spreads. Its most often occurring form has the following symptoms: headaches, excessive sweating, insomnia or sleepiness, general weakness, fatigability, lack of appetite or excessive appetite, overexcitability or apathy, mood or character changes, muscle and joint pains—local or migratory, inflammations of tendons and joints, heart palpitations, dyspnea, cramps, and paresthesia. The intensity of these symptoms varies from slight to oppressive, they may occur continuously or periodically with remissions, and they may be triggered by the same factors as overtraining (Mrozowski 1971).

Any local infection may become the source of this illness—infected tonsils, teeth, sinuses, inner ear, bronchi, gall bladder, appendix, urinary tract, or uterus—but the most often neglected sources are teeth because in a routine medical (nonstomatologic) checkup every filled or capped tooth is assumed to be healthy if it does not hurt and is not visibly decayed (Mrozowski 1971).

Because the symptoms of this illness are so similar to overtraining and triggered by the same factors, it is often treated as overtraining and to make things worse, it may respond to such treatment by a temporary improvement. And the “temporary” is the key difference. Tomasz Mrozowski (1971) gives this rule: If resting brings radical and lasting improvement in athletic form, then it is overtraining; if the improvement is not lasting, then it is something else than overtraining. Other clues are: a lack of drastic increases in training loads, frequent strep throat, bronchitis, lack of enthusiasm for exercise, injuries, and what is most important, a local infection, such as of the teeth and surrounding tissues.

The first symptom of the illness is lowered fitness and performance (Pollak 1969). Therefore when an athlete’s fitness and performance decline, an organic disease should be assumed and only when illness is ruled out can the problem be diagnosed as overtraining and treated.





Control of Planned Loads in a Workout

An evaluation of the degree of recovery of the athlete is necessary for planning everyday workouts.

Athletes must systematically monitor and record the functions of their bodies. Records have to be made every day and compared with the observations and opinions of the coach and the team physician. The coach analyzes the self-evaluation records and the observations of the physician for the purpose of making proper decisions regarding the choice of training methods and loads.

Every day the athlete measures heart rate, temperature, frequency of breathing, strength of grip, and weight and describes any pains or other complaints, ability for work, state of mind, kind and amount of foods, and the time of meals.

Determination of the normative values of both the objective (such as heart rate) and subjective (such as state of mind) indicators of the functional state of the athlete should be done during a break in training or when training loads are lowered for 1 or 2 weeks until the athlete feels rested. Norms can change as a result of training, so such determination should be repeated every couple of months. The athlete should keep a detailed record of the hours of meals and the kind and amount of food eaten at each meal. An improper diet can weaken the person, reduce resistance to infections, and cause overtraining.

All health complaints and pains should be noted in the athlete’s diary and the coach should be notified. Feelings of fatigue, local infections, headaches, toothaches, and stomachaches, as well as complaints that are more obviously connected to training (muscular pains, joint pains, and any sensations concerning the heart) must be brought to the coach’s attention. Initially small discomforts may be early warning signs of an impending serious injury. Oftentimes a predisposition to some types of injury is a result of neglected and accumulated microtrauma. The athlete should note what pains he or she had before the workout and what pains or ailments intensified during and after the workout.

Grip dynamometry, done in the morning together with heart and breath rate measurement, gives an indication of the excitability of the central nervous system and readiness for maximal efforts (Wazny 1990).

Loss of mass or weight during a day with a heavy workout may reach 0.5–1.5 kg (1.1–3.3 lb.). In favorable meteorological conditions while working out, depending on the specifics of the sport the mass after a day of rest may again increase by 0.5–1.5 kg (Geselevich 1976).

With normal training loads, the body mass or weight should be constant (a slight lowering at the beginning of the preparation period of the macrocycle is okay). After a sudden drop, resulting from applying very heavy loads in a workout, the mass should be regained within 1–3 days. Lowered body mass for a prolonged time in the competition period may mean overtraining (Naglak 1979). A mass or weight increase may accompany an increase of loads in strength training.

Here are simple indicators of adequate recovery (Wawrzynczak-Witkowska 1991).


	—Constant heart rate during the zone of effort well tolerated by the athlete

	—Constant body mass

	—Constant volume of urine per day (24 hours) with no more than 20% change (±20%)

	—Lack of sediment or dark coloring in the urine after a workout or a return to normal within 24 hours after a workout



In the case of blood in the urine (hematuria), an athlete has to drink lots of water and similarly in the case of a low volume of urine (oliguria—reduction of urine secretion to between 100–400 mL in 24 hours) caused by sweating and by reduced blood flow through the kidneys. The amount of water drunk after a workout should be such as to maintain the normal daily volume of urine. After long efforts in high temperatures, restoring losses of water can take up to three days.

A significant reduction (sometimes to 50%) in daily urine volume may be caused by secreting great amounts of adrenaline and noradrenaline and excessive secretion of aldosterone and cortisol. These result from stressful loads and are a contraindication for continuing intensive workouts. An increase of the daily volume of urine by 50–100% during the day of the workout and the next day (day of rest) is a sign of overstimulation of the sympathetic nervous system, of the pituitary gland and adrenal glands during both these days, which is accompanied by strong catabolic reactions (breakdown of tissues), and increases in the urine of urea, uric acid, sodium, calcium, and phosphorus. Such a reaction is an indication for lowering the training load (Wawrzynczak-Witkowska 1991). An increase of the daily volume of urine occurs more often during the preparation period when the athlete expends much energy but has sufficient reserves too. Lowering of the daily volume of urine happens more often during the competition period, mainly during the competitions when the athlete has little in reserve. Repetitively exceeding a person’s capacity for handling training loads as indicated by deviations from the normal volume of urine leads to overtraining (Wawrzynczak-Witkowska 1991).

Gradually lowering the values of the heart rate after the workout, particularly after an endurance workout, means that the recovery proceeds normally. If such a gradual lowering of the heart rate is interrupted by a sudden jump to lower values, it may be a sign of overtraining. A heart rate higher than average may signal exhaustion or fever.

A frequency of breath, measured in the morning, that is greater than normal for an individual may indicate a problem in the cardiovascular and respiratory systems.

Variations of the heart rate measured in the morning, in comparison to the previous morning and evening values, are used to determine what type of efforts ought to be used in that day’s workout.

Heart rate has to be measured several times a day; in the morning 4–5 minutes after waking up and before rising out of bed, before the beginning of the main workout of the day, in the course of the workout (it may be measured several times to see if the target rate has been reached and to see when to end the rest breaks), immediately after the main part of the workout, and once again, five minutes after that, and finally just before going to sleep—10 minutes after lying down in bed.

Long-lasting studies of athletes have revealed that each workout causes changes that are related to an increased tension of either the sympathetic nervous system or the parasympathetic nervous system. Increased tension of the sympathetic system results from using mostly intensive efforts in a workout. Increased tension of the parasympathetic system results from extensive training methods and performing a high volume of work in a workout. To gauge the effect of the workout on these two systems the Index of Efficiency of Recovery (IER) may be used in conjunction with the evening and morning heart rate taken following the workout (Dziasko et al. 1982).

IER = 100% (HR2-HR3 ÷ HR2-HR1)

HR1—heart rate before the workout
HR2—heart rate immediately after the main part of the workout
HR3—heart rate five minutes after the end of main part of the workout (in the fifth minute of a cool-down)

Knowledge of the degree of restitution after the workout permits corrections in the intensity and volume of workouts of individual athletes:


	IER between 50–60%, evening and morning heart rate up 5–7 beats per minute—means the loads were optimal, not leading to overworking.

	IER between 50–60%, evening and morning heart rate down 3–5 beats per minute—means the total load was optimal, but there was an incorrect proportion between the time of effort and its intensity (the time is too long).

	IER between 50–60%, evening and morning heart rate up 10–15 beats per minute—means the total load was optimal, intensity was too high.

	IER above 60%, evening and morning heart rate without changes—means the ability to adapt to the load was not fully used (load too low), load needs to be increased.

	IER above 60%, evening and morning heart rate with a tendency to go down—means it is possible to increase intensity (use more intensive loads).

	IER above 60%, evening and morning heart rate up 5–10 beats per minute—means it is possible to increase the time of work (use longer-lasting efforts).

	IER less than 50%, evening and morning heart rate without changes—means the total load exceeded the ability to compensate (these symptoms are always accompanied by a loss of weight and a longer reaction time).

	IER less than 50%, evening and morning heart rate up—means overworking, caused by loads that are too intensive.

	IER less than 50%, evening and morning heart rate down—means overworking, caused by efforts that last too long.



Evening heart rate is taken around 2200 hours (10 P.M.), 10 minutes after going to bed. The morning heart rate is taken 4–5 minutes after waking up, while still in bed (Dziasko et al. 1982).

The above recommendations are to be applied to the main workouts of the microcycle, but the measurements and calculations have to be done every day, after every workout, to spot any irregularities.

In sports in which response of the cardiovascular system is not proportional to the effort, or the cardiovascular system is not stressed enough to permit using its reactions to accurately evaluate the current state of the athlete, different methods are used. These methods are based on measuring the functioning of systems that are most stressed in a given sport. And so a fencer’s degree of fatigue and readiness to work out may be evaluated by measuring eye-hand coordination and reaction time on a cross apparatus described in chapter 18 or in a simpler and more sport-specific test that also tests speed of movements and consists of hitting a falling glove with the tip of the blade. Athletes who rely on maximal power of their legs may evaluate their readiness for work with a long jump with no prerun done right after a warm-up (Wazny 1990). Fidelus et al. (1985) evaluated weightlifters’ response to training by measuring at the end of each training week the change of strength (actually the sum of moments of force) of extensors of the knee, hip, and spine because the strength of these muscle groups correlates highly with sports results in weightlifting.

Within a single workout weightlifters do use heart rate measurements. According to Angel Spassov, professor at the Bulgarian Higher Institute for P.E. and Sports Instruction, Bulgarian weightlifters use the heart rate to let them know if the total load in a set is optimal and when to begin a new set of lifts. Moderate to heavy sets should increase the heart rate to 162–180 beats per minute, and the rest should end after the heart rate drops to 102–108 beats per minute (Spassov and Todd 1989).

Coaches who have access to a physiological laboratory can spot signs of an insufficient recovery and increased risk of overtraining by observing changes in blood urea and in the activity of creatine kinase in the course of several workout days. The blood needed for analysis is taken from the tip of a finger.

Both the activity of creatine kinase and concentration of urea in the blood are higher next morning after a heavy workout (or after a day with several workouts) than they were before working out. Normally, these two indicators are proportional to the training load (activity of creatine kinase is a more sensitive indicator of the intensity of homeostasis disturbance and the speed of recovery in the exercised muscles than blood urea). When the load is reduced the activity of creatine kinase and concentration of urea in the blood should be reduced too. If they are not, it means that the nightly rest was not sufficient for muscles to recover. Working out in such a state can lead to overtraining (Hübner-Wozniak 1994).

Lack of appetite for 2–3 hours after finishing a workout (sprinter’s workout, the athlete being of a modestly advanced level of experience) indicates that the agitation (stress) that the workout causes for the athlete is too great, and the load being performed is causing the nutrients available in the blood not to be used. Such a situation can develop when loads are too intensive and significantly exceed the body’s potential. In this case the character of the workouts needs to be changed. It would be advisable to reduce the work intensity significantly for 2–3 months (through reducing the volume of sport-specific sprinters exercises) and to increase the volume of slow running and general physical preparation to create a good functional base. Then gradually increase the relative share of intensive work (Zalesskii [Zalesskiy] 1983).

One of the signs of overtraining may be falling asleep easily because of exhaustion but then waking up in the middle of the night. According to Dr. Maffetone, this is a pattern seen in overtrained athletes and usually associated with a high level of cortisol (Maffetone 1999; Maffetone 1996).

The pace of recovery after a workout varies from athlete to athlete, even in the same workout group. Depending on the degree of recovery (some not recovered yet, some recovered, and some already in the supercompensation phase), each athlete requires different loads.


Table 9. Indicators permitting an approximate evaluation of the degree of fatigue and the internal training load during workout according to Platonow [Platonov] (1990) and Harre (1985)
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Table 9--continued. Indicators permitting an approximate evaluation of the degree of fatigue and the internal training load during workout according to Platonow [Platonov] (1990) and Harre (1985)
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Control of Planned Loads in a Microcycle

Corrections of training loads within a microcycle are done on the basis of knowing the immediate and delayed training effects of its workouts.

The oscillations of the athlete’s functional state in a microcycle depend on the sport, the current form and level of the athlete, and the period of training. The determination of a poor recovery after a workout or a set of workouts is possible on the basis of the athlete’s complaints and easily measurable physiological indicators. These indicators are: an increase (above normal individual oscillation) of the heart rate, an increase of the difference between heart rate measured lying down and standing in the orthostatic test, an increase of the blood pressure (particularly diastolic), an increased amplitude of muscular tremor, and a worsened sense of balance (Geselevich 1976). More accurate indicators of the degree of recovery may be obtained by recording the heart rate during a standard effort and during recovery, as well as by using more complicated medical methods.

For evaluation of the cumulative training effect of a microcycle, standard effort tests (with strictly determined duration, intensity, and conditions of performance) are used. Changes of physiological and motor indicators in these tests permit the evaluation of the progress of adaptation in a microcycle. These standard tests must cause the same type of effort that the athlete is supposed to adapt to in a given microcycle. In a microcycle that has the task of developing speed-endurance in movements similar to those used in a competitive activity, anaerobic capability (the ability to maintain considerable speed in such movements for a long time) will be measured—not the level of general abilities. Because the tests must be done at the end of each microcycle, they must be simple and easy to conduct.

In sports in which the cardiovascular system is considerably stressed the Index of Efficiency of Recovery (IER) used for correcting training loads from workout to workout may also be used for control of the loads in a microcycle. If in subsequent repetitions of a microcycle the IER of respective workouts increases, the training loads in the following microcycles should be increased. If the IER of respective workouts lowers, then either the loads should be reduced or the selection of exercises should be changed (Dziasko et al. 1982).

Another simple method of evaluating the cumulative effect of all types of work and the effectiveness of recovery in sports requiring aerobic endurance is the Maximal Aerobic Function (MAF) Test described in chapter 18. The MAF Test consists of any endurance activity performed at the 180-less-age pace and measuring performance—time on a standard distance, work output per time, or number of repetitions per time (Maffetone 1996). If the athlete’s MAF Test results improve, then it means that the athlete recovers well between workouts and his or her aerobic endurance improves.

In sports in which the cardiovascular system is not much stressed during workouts, different methods are used. For example, for weightlifters a decrease in strength (moment of force) of extensors of the knee, hip, and spine by the end of a weekly microcycle indicates a work output (calculated as potential energy of the bar) that is too great. Such a result would call for reducing it in the next microcycle (Fidelus 1989).

In sports that rely on muscular endurance, such as rowing or wrestling, coaches who have access to a laboratory can use measurements of the concentration of urea and the activity of creatine kinase to tell if the training loads in workouts and the rest between workouts are adequate. The training load and rest are adequate if the activity of creatine kinase increases after workouts and decreases sharply after days of rest. A high activity of creatine kinase persisting even after days of rest means that the rest between workouts is too short. A low activity of creatine kinase that increases very little or not at all after days with even very intensive efforts means that athletes are so fatigued that they are not capable of fully applying themselves. An increase of concentration of urea over 8.3 mmol/L indicates the necessity of resting (Sitkowski and Posnik 1994).

The purpose of correcting the amount and type of loads in a microcycle is to maintain the direction of adaptation planned for the mesocycle in which this microcycle belongs. The corrections consist of either changing the total load in the subsequent repetitions of the microcycle, changing the selection of exercises and other means of training, adding or subtracting active rest workouts, or changing the type of microcycle. If the adaptation proceeds as planned, regulation of the loads consists of increasing them in subsequent repetitions of this type of microcycle.

It may happen that an athlete reaches the level of supercompensation during the wrong day of the microcycle. Then the correction may require changing the sequence or the number of workouts. For example, in a microcycle that has two days with very heavy workouts, one of the tasks may be to have an increased work capability on its seventh day (which is the second day with a very heavy workout). This increased work capability should result from a supercompensation after the fourth day (first of the very heavy days). If it turns out that the time interval between the fourth and the seventh day of training is too long and symptoms of supercompensation occur earlier, it is necessary to rearrange the microcycle. The very heavy workout from the fourth day can be moved to the fifth day, and on the second day, a heavy workout is done instead of the moderate one that was there previously (Dziasko et al. 1982). See table 10.


Table 10. Changes in a microcycle to adjust for meeting the task
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In cases of overworking, overstrain, or injury, it may be necessary to introduce a different type of microcycle for realization of the achievable training tasks. The differences in such a case would be in the number and type of workouts, their sequence, and the magnitude of the loads.





Control of Planned Loads in a Mesocycle

To evaluate the cumulative effect of a mesocycle, the coach uses tests that determine the maximal level of effort abilities of the athlete.

Daily records of all measurements, self-evaluations, and observations of the coach (described in subchapter “Control of Planned Loads in a Workout”) may reveal a monthly cycle of changes in an athlete’s ability to work. Robert Sothern, one of the authors of “Autorhythmometry: Procedures for Physiologic Self-Measurements and Their Analysis” (Halberg et al. 1972) was interviewed by Susan Perry and Jim Dawson, authors of the book The Secrets Our Body Clocks Reveal, and informed them that he, for more than twenty years, three to five times a day, measured several of his body functions. It turned out that his lung capacity, grip strength, and hair growth rate rise and fall in a monthly cycle. The changes of training loads in mesocycles have to be synchronized with this cycle.

Changes in the athletic form of female athletes may be related to phases of the menstrual cycle, so female athletes need to systematically conduct gynecological self-observation to find out exactly how phases of the menstrual cycle influence their individual ability to work. Gynecological self-observation involves marking the date that the period begins and the symptoms that accompany it, such as pains, nausea, appetite, amount of bleeding.

There are situations where an athlete, because of insufficient preparation, or because of an unwanted type of adaptation, cannot fulfill the planned content of the mesocycle but still has a chance of realizing the main competitive goal of the macrocycle—if the tasks of the mesocycle are changed. Changes in the training tasks planned for the mesocycle entail changing the structure of the mesocycle and its microcycles, the proportions of the training means, and an introduction of a means of regeneration, or in the worst case, excluding the athlete from training. In some cases, plans for starts in competitions have to be changed (Kosendiak and Lasinski 1987). When the general and directed preparation of the athlete is inadequate, it is possible to substitute for the previously planned mesocycle of mostly sport-specific preparation one that has more general tasks—for example, perfecting technique in [aerobic] endurance efforts (Dziasko et al. 1982).





Control of Planned Loads in a Macrocycle

In endurance sports, as well as in sports involving training with a great volume of loads, at the end of the preparation period body mass should be reduced, heart rate, blood pressure, and breath rate should be lowered, amplitude of tremor should be decreased, the sum of heartbeats during a standard effort and during the recovery after it should be lowered, and the maximal lung ventilation and aerobic endurance should be increased as compared to the beginning of the preparation period.

In speed-strength sports, strength and strength-endurance should be increased.

In the period of immediate preparation for competition, the dynamics of the changes in the previously specified functional indicators of the athletes’ fitness should be less substantial—particularly for very advanced athletes. The greatest oscillations are observed among young athletes or athletes whose habitual pattern of training work was changed. At the end of this period and during the competition period, the sport-specific test with maximally intensive efforts is the most informative. During the last days before competition an increase of the observed indicators of athletes’ fitness may not reflect the true, permanent state of their bodies because of the prestart states and the regulation of body weight.





18. Measurements and Tests

Basic Physiological Measurements

In the following listing of measurements, the meaning of final results of measurements are explained, but a detailed description of procedures is omitted because those who have the required equipment surely know how to use it.

Heart rate measurement is the simplest means of evaluating the functional state of the cardiovascular system. Heart rate can be measured by instruments (heart rate monitor, electrocardiograph, seismocardiograph) or by hand, sensing the heart beat directly on the chest or the pulse in arteries. (In the case of healthy individuals the pulse rate is the same as the heart rate [McArdle, Katch, and Katch 1996]).

If the coach or the athlete has to take the heart rate by hand, counting the beats has to start as soon as exercise is stopped. The heart rate goes down soon after the athlete stops moving, so if in taking the pulse by hand the athlete stops the exercise for a few seconds to count the beats and then multiplies them to get the per minute heart rate, the exercise heart rate will be underestimated. To correct the error 10 beats have to be added to the heart rate calculated on the basis of a pulse taken within six seconds, and 15 beats have to be added to the heart rate calculated on the basis of a pulse taken in 15 seconds (Maffetone 1994b).

The touch on the carotid artery when taking the pulse should be very lightly done because strong pressure may slow down the heart rate by stimulation of baroreceptors in the carotid artery (McArdle, Katch, and Katch 1996). Pressure of the touch does not affect heart rate when taking the pulse at the radial artery (on the thumb side of a wrist) or at the temporal artery (on the temple).

Immediately after a person wakes up, the heart rate is close to its nightly value. Between 0800–1000 hours its value increases, around 1400 hours it slows down, around 1500 hours it starts increasing, and reaches its highest values between 1800–2000 hours. A heart rate measured while the subject is standing is 2–4 beats faster than when the subject is sitting, and in a sitting position it is 6–8 beats faster than while lying down. Athletes of endurance-oriented sports have a heart rate well under 60 beats per minute, some even less than 40 beats per minute. In speedoriented sports, the resting heart rate is higher.

From 40 to 60 minutes after the end of a workout, the heart rate is normally 10–20% faster than its value at rest (Naglak 1979).

In prestart states of emotional excitation the heart rate becomes faster and irregular. The behavior of the heart rate in prestart states depends on the age, sex, and intensity of the effort ahead of an athlete.

A heart rate change resulting from placing one hand in cold water may be used to evaluate the function of the sympathetic nervous system. After sitting quietly for five minutes to steady the heart rate, one hand is placed up to the wrist in cold water (2–4°C, or 35–40°F) and held there for 45 seconds. The sympathetic system functions normally if the heart rate increases by up to 6 beats per minute. If the heart rate increases by 10 or more beats per minute, it means that the sympathetic system is overreactive, probably because of excessive stress or overtraining (Maffetone 1997).

Frequency of breath ought to be measured in the morning, immediately after waking up. The athlete should not increase the depth of breaths when taking the measurement because that reduces frequency. The longer the inhalation and shorter the exhalation, the better the gas exchange is. The average values: inhalation, from 0.3 to 4.7 seconds; exhalation, from 1.2 to 6 seconds (Geselevich 1976).

Breath-holding time and its change may be used for early detection of overtraining or a disruption in oxygen transporting systems. Average values are within 55–60 seconds with a full inhalation, 30–40 seconds after first having performed a full exhalation. These values depend on lung capacity, efficiency of pulmonary circulation, and the oxygen carrying capacity of the blood (Geselevich 1976).

Body temperature can be measured under the tongue (oral temperature) and under the armpit (axillary temperature). Oral temperature higher than normal (which is 98.6°F ± four-tenths of a degree) may indicate an inflammation or infection, especially if the temperature is raised only at certain times of the day or night. Normal axillary temperature ranges from 97.8° to 98.2°F.

Body temperature lower than normal, whether oral or axillary, often indicates low function of the thyroid gland long before the standard medical blood tests can show it. The medical normal ranges are so wide that they are useless for early diagnosis. Other signs of underactive thyroid are depression, fatigue, and weight gain (Maffetone 1997).

Body temperature, either oral or axillary, is used to determine the functional state of an athlete after a workout. After very intensive work, in a hot environment, temperature is raised. After a low training load or after rest, temperature may become lower than normal. Temperature may be raised, and read-outs for both sides of the body may be different (asymmetry of temperature) in overtraining, exhaustion, during acclimatization, and after brain damage (Geselevich 1976).

Body mass or body weight is measured in the morning after an athlete gets out of bed, as well as before and after the main workout of a day. Generally the body mass or weight should be constant but hard competition or a heavy workout may cause mass loss of up to 1.5 kg (weight loss of 3.3 lb.) that should be regained within up to 3 days. Body mass or weight may be slightly lowered at the beginning of the preparation period of a macrocycle, but persistently lowered mass or weight in the competition period may mean overtraining (Naglak 1979).

Blood pressure measurement. The blood pressure of healthy individuals is unstable, it oscillates during the day within a range of 10–20 mmHg and is lower during nightly sleep. Asymmetry of blood pressure is normal. Usually blood pressure measured on the right arm is higher than on the left (Geselevich 1976).

The normal average value of systolic pressure is between 100 and 140 mmHg, and diastolic pressure is between 60 and 80 mmHg. Lowering systolic pressure below 100 mmHg is called arterial hypotonia. An increase of the values of systolic and diastolic above the normal values is called arterial hypertonia. Athletes staying in cold climates have a blood pressure 10 mmHg higher; warm weather causes a lowering of the blood pressure (Geselevich 1976).

A measurement of blood pressure done without special preparation and at a randomly chosen time, is called random. The value of this random measurement is a sum of the stable blood pressure and the additional pressure that changes depending on circumstances. The stable pressure can be determined after 10–15 minutes of rest. Additional pressure (systolic and diastolic) normally does not exceed 5–10 mmHg. The value of additional pressure and the time needed for returning to the value of the stable pressure increases in the early stages of disturbing the regulation of arterial blood pressure (Geselevich 1976).

The basal arterial blood pressure is measured in the morning, lying down in bed, after a good night’s sleep. Its value is relatively constant for the individual (Geselevich 1976).

A horizontal position of the body, physical rest, and mental calm lower the arterial blood pressure. Eating, smoking, and physical and mental tension increase blood pressure.

The level of diastolic pressure to a considerable degree reflects the level of basal pressure in the arterial system and the value of the vascular resistance. Changes of the diastolic pressure are often a more serious symptom than changes of the systolic pressure (Geselevich 1976).

Pulse pressure has great importance. It is the difference between systolic and diastolic pressure. A healthy range of pulse pressure measured sitting is between 30 to 50 mmHg (Maffetone 1997).

Grip strength is measured by grip dynamometry. Changes in the excitability of the central nervous system are indicated by changes of grip strength. An acceptable variation from the normal values is 1–2 kgf or 2.2–4.4 lb. In overstrain, insufficient recovery, and in the initial phase of overtraining, values of the morning dynamometry go down (Naglak 1979).

Muscular tonus (elasticity or hardness of muscles) of relaxed, and of voluntarily contracted, muscles is measured by myotonometry. In the case of improving form, the difference between the tensed and relaxed state increases (the tonus in tension grows, and in relaxation lowers). In local fatigue tonus in tension decreases, and in relaxation increases. The exact spots where measurements are to be made depend on the specifics of the sport, period of training, and the preceding workout. These measurements must be made on the muscles that are most affected by training.

Latent times of contraction and relaxation of a muscle are measured by electromyography. On a signal—for example, switching on a light—the athlete contracts a muscle to which electrodes are attached as quickly as possible and then, as soon as the light is switched off, quickly relaxes the muscle. The latent time of contraction is the time elapsed from switching the light on to the beginning of the first signs of electric activity in the muscle. The latent time of relaxation is the time elapsed from switching off the light to a sharp decrease of the amplitude of the bioelectric potential in the muscle. Measurement is made 3–5 times during 5 seconds.

The ratio of latent contraction time to latent relaxation time decreases after workouts with high loads and a high level of fatigue. Both latent contraction and relaxation times decrease as the athlete’s form improves, and increase as the form worsens. The latent contraction time changes most.

Muscular tremor, together with other data, is used to evaluate the emotional state of an athlete. Amplitude and frequency of muscular tremor are measured by tremorography. The measurement is done while the athlete stands or sits, with the dominant hand resting on a table, and a sensor attached to the end (last phalanx) of the index finger. After a few seconds, when the hand is relaxed, the registering mechanism is switched on and a record is made during 5–6 seconds. Amplitude and frequency are determined on the basis of the last two seconds of measurement.

Tremor can also be measured with a tremometer, which consists of a metal plate with round holes and grooves of various sizes and a probe with a metal tip, both connected to a low voltage circuit together with a counter. The tested person has to insert the probe into holes or lead the probe inside the grooves, starting from the widest and progressing to the narrowest, without touching the edges. Every contact closes the circuit and is counted. Another type of tremometer has a round opening into which a long metal stick has to be inserted without touching the walls.

The character of tremor depends on the individual. Fatigue, excitement, prestart anxiety, and illness increase the amplitude and frequency of tremors. Improvement of general and sport-specific athletic form is accompanied by a lowered amplitude of tremor.

Sensitivity of muscles and joints or the minimal range of active and passive movements that an athlete can detect in a given joint is measured with kinesthesiometers and kinematometers. Such measurements are given in angular degrees. The sensitivity of muscles and joints depends on sports discipline, emotions, and fatigue.





Testing Physical Abilities

Physical (movement) abilities in their general form can be tested with nonspecific general tests that are applicable to all sports disciplines. General tests do not differentiate between athletes of different sports—athletes of several sports can achieve similar results in many of the general tests—and these tests do not differentiate well among athletes of the same sport—athletes of different level of experience can have the same results in the general tests while levels of their sport-specific performances are very different. This is why sport-specific forms of physical abilities are tested with sport-specific tests reflecting the needs of particular sports. For example, the sport-specific speed of a boxer is tested by the frequency of punches; of a wrestler by the frequency of throws (number of throws per time) of an unresisting partner. The sport-specific speed of soccer players is tested with 30- or 40-meter runs because these are the typical sprint distances in soccer.





General Tests of Physical Abilities

The following tests are for testing physical abilities in their general form.

Energy Fitness

Aerobic fitness can be tested by a 12-minute run, 1.5-mile run, step test, and others. The 12-minute test and the step test are preferred for predicting aerobic fitness because they are less influenced by an individual’s speed and anaerobic fitness (Sharkey 1990).

12-minute run test: An athlete should warm up before this test because it requires a maximal effort. It consists of running for 12 minutes on a level course and then measuring how much distance the athlete has covered during this time. To calculate the athlete’s maximal oxygen intake the following equation by K. H. Cooper (Drabik 1996) is used:

VO2max = 33 + 0.17(x - 133)

x is the distance (in meters) covered during one minute.

1.5-mile run test: The athlete should warm up before this test because it requires a maximal effort. It consists of running 1.5 miles on a level course and then measuring the athlete’s time for this distance. This time is used to estimate the maximal oxygen uptake using the data in figure 17 for the 1.5-mile run.


[image: Figure 17. Maximal oxygen uptake estimated from the time of running 1.5 miles (Sharkey 1990)]
Figure 17. Maximal oxygen uptake estimated from the time of running 1.5 miles (Sharkey 1990)




Table 11. Maximal oxygen uptake estimated from the time of running 1.5 miles (Wilmore and Costill 1988)
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Table 11--continued. Maximal oxygen uptake estimated from the time of running 1.5 miles (Wilmore and Costill 1988)
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Step test: The athlete rhythmically (to the beat of a metronome set at 120 beats per minute) steps up on a box and down. The box is 51 cm (20 inches) high for men, 46 cm (18 inches) high for women. The athlete gets on top 30 times per minute. Each step up starts with the same leg. Men continue for five minutes, women for four minutes. After the work, the pulse is measured after the first minute of rest (R1), after the second minute (R2), and after the third minute of rest (R3). It is measured while sitting and beats are counted within 30 seconds (1 min–1 min 30 seconds; 2 min–2 min 30 seconds; 3 min–3 min 30 seconds).

The total time of work (T—up to 5 minutes for men, and up to 4 minutes for women) is multiplied by 100 and divided by two times the sum of the heartbeats counted while resting (in three 30-second periods between 1 minute and 3 minutes 30 seconds).

T × [100 ÷ 2(R1+R2+R3)] = Step test fitness index


Table 12. Aerobic fitness of athletes in various sports as measured by the step test (Rucinski 1968)
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Table 12--continued. Aerobic fitness of athletes in various sports as measured by the step test (Rucinski 1968)
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Step test protocol for children is described in J. Drabik’s Children and Sports T raining (1996).

Alternative step test protocols for predicting maximal oxygen uptake are described in Exercise Physiology: Energy, Nutrition, and Human Performance by McArdle, Katch, and Katch (1996) and in Physiology of Fitness by Sharkey (1990). Both of these variations use a lower cadence of steps and a lower height of the box. Sharkey (1990) in calculating results takes body weight into account.

Anaerobic threshold, more properly called the lactate threshold, is of greater practical importance than the maximal oxygen uptake. Anaerobic threshold can be determined with a test designed by Dr. F. Conconi. The test consists of measuring heart rate during a continuous effort with periodically increased intensity and finding the point at which the heart rate no longer increases at the same rate as the intensity of effort.

The test requires a heart monitor, a running track (preferably indoor), or a swimming pool, or velodrome or cycle wind trainer, and an assistant to measure the velocity of moving (intensity of effort) for efforts other than cycling and to record heart rate measurements if the heart monitor does not record them.

After the test the velocity and the heart rate for each lap are marked on a pair of perpendicular axes—heart rate on the vertical axis and the velocity on the horizontal. The respective values of heart rate and velocity are used to plot a line. The line initially will be sloping evenly and then curve down. The point at which the line begins to curve down, as shown in figure 18, indicates the heart rate and the velocity at which the athlete reached the anaerobic threshold.


[image: Figure 18. Example plot of velocity and heart rate for Conconi test]
Figure 18. Example plot of velocity and heart rate for Conconi test



Test Conconi for runners (Sleamaker 1989): On a 200-meter indoor track one 50-meter long section is marked at the end of a lap. On a 400-meter track two 50-meter sections are marked 200 meters apart. The beginnings and the ends of these sections are marked with cones or flags. These 50-meter sections are for calculating running velocity and must be visible to the assistant who measures the time of running over them. Another assistant on a bicycle with a speedometer can pace the runner.

Before the test the athlete should warm up for 20 to 30 minutes. The initial velocity should bring the athlete’s heart rate to between 71–75% of adjusted maximal heart rate (220 less age minus the resting heart rate). After each 200-meter lap, running velocity is increased by 1/2 kilometer per hour or, if there is no cyclist pacer, each next lap is run in 1 second less.

After each lap, the runner calls out the heart rate reading from the heart monitor so the first assistant can record it.

The test ends when the runner feels that the increase of the heart rate is lower than the increase of the velocity.

Test Conconi for cyclists (Sleamaker 1989): This test is to be done on a velodrome track of between 300 and 450 meters or a wind trainer. Before the test the athlete should warm up for 15 to 30 minutes. On the track the velocity is increased by 1 mile per hour for each lap. If the test is done on a wind trainer the athlete should figure out what would be the duration of each lap on the track and increase the velocity when such time elapses. At the end of each lap, the cyclist calls out the heart rate reading from the heart monitor so an assistant can record it.

There is an alternative method of conducting Test Conconi on a cycle ergometer (Szmuchrowski 1995): The steady workload is set at 2 kilogram-meters and the intensity of effort is increased every 100 revolutions by increasing the number of revolutions by 5 per minute.

Test Conconi for swimmers (Sozanski and Kosmol 1995): Laps are 50 meters. Well-trained swimmers cover the first lap in 60 seconds, untrained in 70 seconds. Initially velocity can be increased by 2–3 seconds per lap, later by 1–2 seconds. Assistant should inform the swimmer of the current time per lap so the swimmer can regulate the velocity. The test ends when the swimmer cannot increase his or her velocity of swimming.

Maximal aerobic function, also known as maximal aerobic pace, refers to the highest pace at which an athlete can move just under the anaerobic threshold. Maximal Aerobic Function Test (MAF Test) consists of performing any endurance activity at the 180-lessage pace and measuring the parameters of performance such as time on a standard distance, speed, work output per time, or number of repetitions per time (Maffetone 1996). Maffetone advises performing this test for distances of 3–5 miles in the case of running and over a time of 30–45 minutes in the case of cycling. Shorter efforts, such as running one mile (after a warm-up), may also be used but then the error may be greater than in the case of longer efforts. The test should always be performed in the same conditions—the same activity, in the same place, the same time after a previous workout. The effect of such conditions as weather and running surface on the results of the MAF Test is described by Dr. Maffetone in Training for Endurance.

Endurance is not the same as aerobic fitness—meaning the ability to take in and utilize oxygen—because endurance refers to the ability to sustain an assigned power output for a required time. Tests of endurance can indicate either its absolute value, not excluding the influence of speed and strength, or its relative value, which excludes the influence of speed and strength. Such exclusion can be achieved in the following two ways.


	—The task is performed by everybody with relatively (depending on the maximal speed or strength of each individual) the same intensity—for example, a maximum number of lifts with 40% of the maximal weight for an individual in a given lift.

	—The task is identical for everybody, but after completion, calculation accounting for strength, speed, and weight is made for each individual.



In cyclic sports, the following equations are used to find relative endurance (Naglak 1979):

1. Index of speed reserve (SR), which varies depending on the distances used to calculate it. The smaller the index, the better is the endurance.

SR = (Td ÷ n) - Ts

Td—time on the tested distance
Ts—best time on a standard distance
n—number indicating by what factor the tested distance is longer than standard

2. Cureton’s endurance index (EI). The smaller the index, the better is the endurance.

EI = Td - n × Ts

3. Lazaroff’s endurance coefficient (EC). The smaller the coefficient, the better is the endurance.

EC = Td ÷ Ts

4. INKF (Science Institute of Physical Culture, Poland) endurance index (300/60 EI). The smaller the index, the better is the endurance.

300/60 EI = T300 ÷ (T60 × 5)

T300—time of 300-meter run
T60—time of 60-meter run

This test is to be done only on athletes past puberty because for children, this effort is maximal. The results here depend mostly on anaerobic (lactacid) capability, which in children depends on the stage of ontogenetic development of an individual child, rather than on training.

The general endurance of children is evaluated by a run with constant velocity equal to 60% of the individual’s maximal velocity. The time of a 30-meter run, from a flying start of a 15-meter fast walk, is measured for each child. Then, by dividing the 30 meters by this time, the maximal speed is arrived at. After calculating 60% of that speed, the time of one 400-meter lap is figured out. Next the child runs laps. If the time of the lap falls more than 2 seconds below the calculated value, the test is over. The endurance is measured in the distance made with the assigned speed—for example, less than 800 meters, low; 800–2000 meters, average; over 2000 meters, high (Drabik 1996).

Anaerobic fitness has two components: anaerobic capacity and anaerobic power. Anaerobic capacity relates to the total work accomplished in anaerobic efforts (third and fourth zone of intensity of effort) and anaerobic power relates to the rate of work output, in other words to mechanical power output. To evaluate anaerobic capacity all-out efforts lasting up to 40 seconds are used such as the Wingate test (McArdle, Katch, and Katch 1996). To evaluate anaerobic power shorter all-out efforts are used such as a sprint at 30- to 60-meter distance or the stair-sprinting test described by McArdle, Katch, and Katch in Exercise Physiology: Energy, Nutrition, and Human Performance.

Neuromuscular Fitness

Coordination, the ability to perform complex movements precisely and fast, can be evaluated by the test designed by W. Starosta (1984). In Starosta’s test the quality of coordination is indicated by the number of turns along the vertical axis of the body that an athlete can perform during a vertical jump. This test challenges several components of coordination, most obviously dynamic balance, kinesthetic differentiation, and spatial orientation.

The athlete stands, with feet hip width apart, in a circle 80 cm (31.5 inches) in diameter. The circle has degrees marked on its circumference. The athlete jumps up and turns either to the right or to the left. After a balanced landing in this circle (other landings do not count), the total number of degrees of turns (or a turn) is recorded. The best of three successful tries is the result. After performing the test with turns done in one direction, the athlete does it in the other direction.

The rationale behind this test is that there are three levels of difficulty of movement coordination (see chapter 9, “Coordination”), and that in this test, the ability to perform precise movements (maintaining balance while turning in the air, balanced landing) in the short time of a jump requires mastering the second level of difficulty in the development of coordination. Also, performing this test with turns in both directions permits an evaluation of the athlete’s symmetry of movement control, which is important for achieving sports mastery. This test is sensitive to changes in the symmetry of tonus of the muscles of the trunk and hips, so an excessive tension on one side of the body will cause a drastic worsening of turns to that side.

Tests of five component abilities of coordination (kinesthetic differentiation, complex reaction time, sense of rhythm, dynamic balance, and spatial orientation) that were designed in GDR are described in detail in J. Drabik’s Children and Sports T raining (1996). These tests require only the simplest equipment and apparatus: balls, mattresses, gymnastic bench, gymnastic hoop or hoola hoop, chalk, twine, and paper or cardboard signs.

Kinesthetic differentiation of joint position is tested by having an athlete repeat a given position of the joint measured by electrogoniometer. To learn the joint position the athlete flexes or extends the joint to the assigned angle three times. Next the athlete is blindfolded and makes five attempts to repeat the angle. The average value of these five tries is taken (Starosta 1990). Alternatively, both the learning and the testing can be done blindfolded or both with eyes open but with an obstacle between the athlete’s field of vision and the instrument and the tested limb.

It is better to conduct learning and testing in the same condition—eyes open or eyes closed—because performance of kinesthetic memory tasks differs between sighted and blindfolded condition. Reproduction of movements learned only kinesthetically, without visual information, is more accurate than if these movements are learned using both kinesthesia and vision, or vision only (Colley and Fossey 1986; Lovelace 1989; Tloczynski 1993). Also, many sighted people close their eyes when they perform tasks requiring precision of touch. Professor Morton A. Heller, Chair of Psychology Eastern Illinois University (personal communication) stated “Foveal vision, clear vision, can distract people from attending to tactile input. Many subjects report that they need to shut their eyes, even when blindfolded. This allows them to attend to their mental images.” When learning or correcting techniques some judo wrestlers close their eyes when concentrating on kinesthetic sensations such as direction and amount of force, direction of movement, and body position, suggesting that the distraction of sight interfere with kinesthetic performance.

Kinesthetic differentiation of strength can be tested by requiring the athlete to exert a given percentage of maximal strength—for example, 50%—on a tensiometer or dynamometer without being able to see the instrument. The athlete first learns to apply a given percentage of maximal strength and then has to accurately repeat the performance while blindfolded. The measurements are taken five times and then the average value is taken (Starosta 1990). Alternatively, both the learning and the testing can be done blindfolded or both with eyes open but with an obstacle between the athlete’s field of vision and the instrument and the tested limb.

Static balance can be evaluated by Romberg’s test and Yarocki’s test.

Romberg’s test: An athlete stands upright, feet together, arms outstretched to the front, eyes closed. In the more difficult version feet are on one line, toes of one foot touching the heel of the other. The time of maintaining the stance is determined as an average of three attempts. For trained athletes—divers, gymnasts, acrobats, and swimmers, the time increases with improving athletic ranking and exceeds 120 seconds.

Yarocki’s test: An athlete stands at attention, arms at sides, feet together, eyes closed. The head is turned from side to side at the pace of 2 turns per second. The maximal time of maintaining position is recorded. Swimmers, divers, water polo players, gymnasts, and acrobats can maintain balance for 60–80 seconds. Superior balance characterizes gymnasts, acrobats, divers, swimmers, and hammer throwers.

Hand-eye coordination is tested with Piórkowski’s apparatus (aparat Piórkowskiego), which has ten rectangular windows lightning up at random. Under every window there is a switch that the tested person has to press as soon as the light turns on and before it turns off. A counter registers all accurate hits. The frequency of turning lights on and off can be set at 60, 75, 93, 107, 125, and 150 per minute. The duration of the test can be set at 30, 60, 90, and 120 seconds.

This apparatus is also used to test simple reaction time and mobility of attention.

Tests on Piórkowski’s apparatus permit evaluating perception and concentration of attention and may detect and determine the degree of fatigue.

Spatial orientation can be tested with the cross apparatus. The cross apparatus has on the top surface two perpendicular rows of 7 lights each and these lights form the coordinates for 47 buttons. As preprogrammed pairs of lights turn on the athlete has to press the buttons that are where the lines drawn from the lights would meet.

There are two modes of testing. In the first mode a pair of lights turns on, and if the athlete presses the right buttons they turn off and the next pair turns on. If the athlete presses a wrong button, the mistake is registered by the counter but the next pair of lights does not turn on. The faster the athlete presses the right buttons, the sooner the test is completed and the higher the score. In the second mode the pairs of lights turn on and off at the pace of 30, 50, 70, or 90 times per minute regardless of the athlete’s performance and the mistakes are registered by the counter. The cross apparatus is used also to test hand-eye coordination, perception, concentration and mobility of attention, and resistance to fatigue.

Simple reaction time is measured by electronic instruments that give a sound or light signal and stop the clock at the moment of breaking the circuit by touching the target. If no such instruments are available, reaction time can be estimated by having the athlete grab a stick with stripes that is released by the tester without warning.

The tester holds the stick between the open thumb and index finger of the tested athlete so the bottom end of the stick is level with the top of the tested athlete’s hand and then releases it without warning. This test actually measures response time (reaction time plus movement time), but since the movement time is very short here the response time is close enough to the reaction time.


[image: Figure 19. Reaction time test]
Figure 19. Reaction time test



The stripes on the stick can be graduated in desired time intervals using equations of uniformly accelerated motion. For example, if the intervals are to indicate 0.05 second response time, the first stripe will be 0.024 m (0.94 inch) wide, second stripe 0.025 m (0.98 inch), third stripe 0.061 m (2.40 inch), and the fourth stripe 0.086 m (3.39 inch).

Agility is tested by a run on the “envelope” within a rectangle 3 meters (9.84 feet) by 5 meters (16.4 feet).


[image: Figure 20. Agility test (envelope run)]
Figure 20. Agility test (envelope run)



The athlete starts at the marker A and runs along lines B-E-CD-E-A passing the markers without touching them. Markers are about four feet tall. The athlete completes three laps, and ends at marker A. The time of the whole run is the result.

Explosive strength can be tested by jumping or throwing tests. Explosive strength of the lower body can be estimated with the jump-and-reach test done either with a short prerun or from standing still. The athlete faces the wall, standing 4–5 inches from it. Standing flat-footed, he or she marks the highest point on the wall reachable with an outstretched arm (using chalk). The athlete then turns sideways to the wall and, if the test is done with a prerun, steps back two-three steps, then makes two or three steps forward, jumps off both feet and touches the wall as high as possible.

If the test is done from standing still, the athlete bends the knees, swings arms backward, jumps and touches the wall as high as possible. The distance between the first and the second mark is the result. This test is done twice with a rest of 1–5 minutes between tries. The better try is measured.

This form of jump-and-reach test can be used for rough estimation of fast-twitch muscle fiber proportion. A high proportion of fast-twitch fibers is indicated by jumps over 12" for females and over 20" for males less than 14 years old, over 15" for females and over 23" for males over 14 years old. A medium proportion (in the 50% range) is indicated by jumps between 8–12" for females and between 15–20" for males less than 14 years old, and between 10–15" for females and between 17–23" for males over 14 years old. A low proportion of fast-twitch fibers is indicated by jumps under 8" for females and under 15" for males less than 14 years old, and by jumps under 10" for females and under 17" for males over 14 years old (Sharkey 1986).

There is a more precise method of finding out the ratio of fast-twitch to slow-twitch muscle fibers in any muscle group (Busko 1983). It requires access to a biomechanical laboratory because the tested muscles have to be electrostimulated, and then the electrical potentials from the stimulated muscle and the force this muscle has generated have to be measured. Following measurements are taken: time of generating 50% of maximal force, time of generating maximal force, time of decreasing force to 50% of its maximal value, and time of decrease of the force to its initial level. This method is based on the fact that the time and speed of an increase and decrease in a muscle’s force depends on the ratio of muscle fibers in this muscle (fast-twitch fibers reach peak tension at 30 ms and slow-twitch fibers reach peak tension at 80 ms [Busko 1983]). It turned out that athletes of endurance sports (with low fast-twitch to slow-twitch ratios) have longer times and a lower average speed of increase of the muscle’s force than athletes of speed sports (with high fast-twitch to slow-twitch ratios). The indicators that are significantly different for muscles of different fast-twitch to slow-twitch ratios are times of contraction and relaxation, and the average speeds of increasing and decreasing of the force (Busko, Musial, and Wychowanski 1988).

Explosive strength of the upper body can be tested by a medicine ball throw. The athlete kneels on both knees and throws a medicine ball forward from behind the head. Women throw a 2 kg (4.4 lb.) ball, men throw a 3 kg (6.6 lb.) ball.

Speed in its general form is typically tested by plate tapping and by a short sprint.

Speed of arm movements is tested by plate tapping. The athlete stands facing a table with three plates arranged in a row. The distance between outside plates is 60 cm (23.6 inches). The weak hand rests on the center plate, the preferred hand over the weak hand. The preferred hand has to touch each of the outside plates, which are connected to a low voltage circuit that is briefly closed with every tap. A counter is connected to the circuit and registers every closing of the circuit. The time of a set number of cycles of touching each outside plate is measured. Usually the number of cycles is 25 or 30. Two tries are done with a 5-minute break between tries. The better of the two times is recorded.

Speed of running is tested by a 50-meter run. The athlete starts from starting blocks. A tape is placed at the finish. At least two persons are taking the time. The athlete runs twice with a rest period of no more than 15 minutes between tries. The time of the better try is the result.

Static and slow strength can be determined with a direct method and indirect methods such as the number of chin-ups or onelegged squats, which is also an imprecise method of determining strength-endurance.

The direct method determines strength using dynamometers, line measures, and angle measures. In biomechanics muscular strength is defined as the moment of force (force multiplied by the perpendicular distance from the line of action of the force to the axis of rotation in a joint). Measurement of the moment of force must take into account the distance from the point where force (resistance) is applied to the axis of the joint, and the angle at this joint. For the measurement in the direct method to be accurate, the angle at which the joint is held must be standard.

M = Fr

M = moment of force of a given muscle group
F = force as measured by dynamometer
r = perpendicular distance from the line of action of the force to the axis of the joint. If force (resistance) is applied perpendicularly to the tested limb (see figure 21a), this distance is simply measured from the point of application of the force to the axis of the joint. If the force is not applied perpendicularly to the limb (see figure 21b), then the distance from the point of application of the force to the axis of the joint has to be multiplied by the sine of the angle between the limb and the line of action of the force.


[image: Figure 21. Measurement of the moment of force]
Figure 21. Measurement of the moment of force



To compare the moment of force (isometric strength) of athletes’ of the same sport, the measurements should be done in positions that are decisive in their competitive exercises because there may be no significant relationship between strength in sport-specific positions and strength in other positions. For example, rowers should be tested in a position that simulates the initial pull of the oar (Bloomfield, Ackland, and Elliott 1994).

Where such precision is not needed, slow strength can be determined by the maximum weight that can be lifted by the athlete. Since lifting such weight can be dangerous, the maximum weight can be estimated using the following table 13, showing an approximate correlation between the external load and the maximal number of repetitions in strength exercises.


Table 13. Approximate correlation between the external load and the maximal number of repetitions in strength exercises (Matveyev [Matveev] 1981)

[image: Table 13. Approximate correlation between the external load and the maximal number of repetitions in strength exercises (Matveyev [Matveev] 1981)]


The correlation shown above is typical for weightlifters. The number of repetitions an athlete can perform with a given percentage of maximum weight depends on what loads and repetitions the athlete used in training, as well as on his or her ratio of fast- to slow-twitch muscle fibers. The athletes of other sports, especially those stressing endurance, may be able to move a given percentage of their maximum weight (which will be much lower than the maximum weight for a weightlifter in the same weight category) more times than the weightlifters.

Strength-endurance of selected groups of muscles can be evaluated by computing the work performed by the athlete, for example, in kilogram-meters (kg-m). To measure the strength-endurance of elbow extensors the athlete does bench presses to failure, then the weight of the barbell is multiplied by the arm’s length and by the number of repetitions (load in kgf × limb’s length in m × repetitions = kg-m). Less precise tests of strength-endurance consist of performing a maximal number of repetitions of an exercise that involves considerable muscle tension such as push-ups or sit-ups.

Flexibility is most accurately evaluated by measuring the range of motion in selected joints and directions of movement. This can be done with a flexometer, electrogoniometer, or when neither is available, with a piece of cardboard with protractor lines drawn on it. Ways of measuring range of motion in the shoulder joint (flexion, abduction, vertical extension, horizontal extension), spine (extension, forward flexion, lateral flexion), hip joint (flexion, extension, abduction, internal rotation, external rotation) are shown in the book Children and Sports Training by Józef Drabik.

The most commonly used flexibility test—the sit-and-reach test—is influenced by the length of arms and legs of the tested athlete and because it involves several joints it allows the athlete to compensate for poor range of motion in some joints with greater range in others.

More tests of fitness and physical abilities are listed in Kirby’s Guide to Fitness and Motor Performance Tests. Ed. by Ronald F. Kirby. This book includes a description and review of 193 tests. Although it does not include the actual tests it provides references for the primary source of the test, other sources, purpose, objectivity, reliability, validity, age and sex, equipment requirements, design, directions, scoring, norms and a review of the test.





Sport-Specific Tests of Physical Abilities

Most sport-specific tests are integrated to a greater degree than the general tests—the tested abilities are less separable in sport-specific tests than in general tests—and usually these tests require a good command of technique.

There are too many sports to give here tests of various abilities in all of them. Instead a few samples are offered that demonstrate the rationale behind their construction.

Sport-specific strength, speed, and endurance of boxers are tested on a punch dynamometer (Savchyn et al. 1997). The punch dynamometer measures the force of single punches and the total force of a combination of punches (sport-specific strength), number of punches per unit of time (sport-specific speed), and sums up the force of all punches thrown during an assigned time. The greater the sum, the better the sport-specific endurance of a boxer.

Sport-specific speed of judo wrestlers is evaluated by the time of ten throws of an unresisting partner—the stop-watch is started with the “go” and stopped at the moment of impact of the tenth throw. Sport-specific endurance of judo wrestlers is evaluated by a number of cycles of fit-ins, throws, and ground exercises at the maximal possible speed performed during 5 minutes, which is the duration of a typical fight.

One of the sport-specific tests of speed in soccer consists of running a defensive pattern of 28 meters (30.62 yards) total length backward and sideways (Talaga 1997).

In figure skating sport-specific endurance is tested by performing two repetitions of the competitive combination with the most difficult elements replaced by easier ones. The correctness of technique and changes of heart rate are used to evaluate sportspecific endurance (Matveyev [Matveev] 1981).





Testing Technical and Tactical Skills

The results of sports competition depend on mastering the technique and on the physical abilities of the athlete. This means that results in sports are at least a sum of technique and physical abilities. When testing technique actually the sum of technique and physical abilities is tested. Techniques are impossible to perform well without a sufficient amount of strength, speed, or flexibility. In team games, racquet sports, and combat sports it is difficult to measure technical and tactical proficiency separately.

The technical proficiency of an athlete is determined by the ratio of sport result to energy expended on achieving it. The greater the technical proficiency, the less effort it takes to achieve a given result.

Technical proficiency (mastery) has three components:


	Technical versatility of the athlete, which means the number of widely differing techniques the athlete can score with.

	Technical efficiency, which is the ability to get the best results using a given technique.

	Technical reliability, expressed by the ratio of successful attempts to total number of attempts.



Technical versatility can be determined by observing an athlete or analyzing records of games or matches. The greater the variety of scoring techniques, the better the athlete’s technical versatility.

Technical efficiency can be determined by the difference between the athlete’s movement potential and the actual result (potential to result ratio). In the high jump, the indicator of technical efficiency is the distance from the calculated center of the athlete’s gravity to the bar at the moment of passing over it. The smaller this distance (and the best is when it is a negative value—the calculated center of gravity of good high jumpers goes under the bar, not over it), the more efficient the technique, and the greater the technical mastery. In track-and-field hurdles the smaller the difference between the time of running the distance with hurdles and the time of running the same distance without the hurdles, the better. In weightlifting, the lower the height of the barbell at the moment of squatting, the more technically efficient the lift. In swimming, technical efficiency is judged by the degree of variation from the average velocity. A smaller variation means greater efficiency. In acrobatics, the smaller the difference between the time spent in the air performing simple evolutions and the time spent performing complicated evolutions, the better the efficiency of technique. In ball games and hockey, the smaller the difference between the time of negotiating a slalom with a ball or a puck and the time of running the same slalom without the ball or puck, the better the technical efficiency. Such slaloms may include shots or passes. Technical mistakes such as touching a cone or pole during a slalom are penalized by adding time—for example, one second for every touch—and missed shots must be corrected, which also extends time of the trial.

Another closely related method of evaluating technical efficiency is to compare the result with its energy cost. More technically advanced athletes use less energy for the same performance than the less technically advanced athletes. This method is closely related to the previously described method of comparing an athlete’s movement potential to the result. The smaller the distance between the bar and the jumper’s center of gravity, the smaller the energy cost of the jump. (If the center of gravity passes below the bar, the distance is negative and thus smaller than any distance above the bar.) The lower the height of the weightlifting bar at the moment of squatting under it, the smaller the cost of lifting the bar. The smaller the variation of velocity in swimming or running, the smaller the energy cost.

Technical reliability is determined by the percentage of successful attempts. In basketball, the reliability of a free throw can be judged by the percentage of accurate shots. In individual contact sports, like judo wrestling or boxing, technical reliability of both the athlete and the individual technique can be determined by dividing the number of scoring techniques, for example, landed blows or good throws, by the total number of attempts. Technical reliability of the athlete is expressed as a ratio of all scoring techniques to all attempted techniques. The reliability of a particular technique is expressed as the number of points scored with this technique to attempted applications of this technique, for example, the number of right crosses that scored points to all the right crosses thrown by a boxer.

In team games or combat sports in which tactical skills play a decisive role in achieving the result, technical versatility and technical reliability are inseparable from tactical skill because every technique to be effective has to be set up tactically.

The following method of evaluating technical reliability and efficiency of a ballplayer exemplifies this inseparability of technical and tactical skills in ball games (Naglak 1979):

The technical reliability (TR) of a player in team ball games is calculated by dividing the number of times (P) the player properly handled the ball (passing the ball to the opponent is improper) by the total number (C) of his or her contacts with the ball.

TR = P ÷ C

Absolute reliability equals one.

The activity (A) of a player is calculated by multiplying the total number (C) of contacts with the ball this player had by the number of players in the team, for example, 11 in soccer, and then divided by the total number (Ct) of contacts with the ball made by his or her team.

A = (C × 11) ÷ Ct

A result greater than one means that the player was very active in the game.

The technical efficiency (TE) of the player can be calculated on the basis of his or her reliability (TR) and activity (A)—multiplying the number of times (P) the player properly played the ball by the number of players in the team (11 in soccer), and then dividing the result by the total number (Ct) of contacts with the ball had by his or her team.

TE = TR × A = (P ÷ C) × [(C × 11) ÷ Ct] = (P × 11) ÷ Ct

To get a better idea of the efficiency of the players, additional points should be awarded for directly scoring points (goals) and for passing the ball to a player that scored. For example, in soccer, the additional points are awarded as follows:

first goal—8 points, assist—4 points,

second goal—6 points, assist—3 points,

third goal—4 points, assist—2 points,

fourth goal—2 points, assist—1 point,

each following goal—1 point, assist—0.5 point.

In individual contact sports, an athlete’s “competition value,” which again is a result of an inseparable mix of both technical and tactical skills, can be calculated for each competition by adding the following ratios together: the ratio of points scored in fights to the maximal number of points available in these fights, the ratio of the minimal number of attacks needed for victory in each fight to the total number of attacks, and the ratio of the number of fights the athlete had to the total number of possible fights in this competition. Comparing this value to the maximal possible value tells how far from an ideal performance the athlete is, and allows for an objective comparison of the performance of athletes.





Psychological Tests

The two types of psychological tests most useful in sports training are the tests that measure mood states and, for team sports, the tests for assessing group cohesion.

The Profile of Mood States (POMS) developed by Douglas M. McNair, Maurice Lorr, and Leo Droppleman measures dimensions of mood, is a good predictor of quality of performance, and may be used for early detection of overtraining.

A tested athlete is presented with a form containing a list of sixty-five adjectives describing feeling and mood. To each of these adjectives the athlete responds according to a five-point scale ranging from “Not at all” to “Extremely.” Next the forms are hand-scored using patterns or processed by a computer after scanning. As a result point values are assigned to each of the following six mood states:

T—Tension-Anxiety: Heightened musculoskeletal tension including reports of somatic tension and observable psychomotor manifestation

D—Depression-Dejection: Depression accompanied by a sense of personal inadequacy

A—Anger-Hostility: Anger and antipathy toward others

V—Vigor-Activity: Vigorousness, ebullience, and high energy

F—Fatigue-Inertia: Weariness, inertia, and low energy level

C—Confusion-Bewilderment: Sense of being disorganized

The test is applied to subjects who are at least 18 years old. Filling out the form of the test takes from three to five minutes.

POMS is available from Multi-Health Systems Inc. (www.mhs.com).

Group Environment Questionnaire (GEQ), developed by W. Neil Widmeyer, Lawrence R. Brawley, and Albert V. Carron, assesses group cohesiveness in sports and measures the task and social aspects of an athlete's perceptions of and attraction to the group.

Athletes respond to questions on their feelings about their personal involvement with the team and their perceptions of the team as a whole.

Group Environment Questionnaire Manual containing the GEQ and scoring key can be ordered from FiT Publishing (www.fitinfotech.com).

For more psychological tests see the Directory of Psychological Tests in the Sport and Exercise Sciences 2nd edition. Ed. by Andrew C. Ostrow. This book lists 314 psychological tests specific to sport and exercise, among them the tests (several of each) for player-coach interaction, group cohesion, leadership, adjustment, self-confidence, personality, motivation, aggression, and anxiety. For each test the source, purpose, description, construction, reliability, validity, norms, availability and references are provided. The book does not include the actual tests, but provides information on how to get each test.

Directory of Psychological Tests in the Sport and Exercise Sciences can be ordered from FiT Publishing (www.fitinfotech.com).





NOTES

1 This is due to the involvement of the hypothalamic-pituitary system at the second stage of the general adaptation syndrome. The general adaptation syndrome has three stages described by Hans Seyle: alarm, resistance, and exhaustion. At the alarm stage the hypothalamus is alerted and activates the sympathetic branch of the autonomic nervous system. After a few seconds the adrenal glands, also under the direction of the hypothalamus, release epinephrine (adrenaline) and norepinephrine (noradrenaline) into the circulating blood. If the threat persists, adaptation enters the resistance stage. At this stage the hypothalamus causes the pituitary gland to release its own hormones, which cause other glands to release still more hormones, of which the most familiar is cortisol.

This second system [hypothalamic-pituitary system] is characterized by greater inertia, and it is the source of the phenomenon of anticipation made permanent as an effect of responding to a repeated stimulus, superimposed on the functional rhythm (Stupnicki, 1991, interview by Pac-Pomarnacki).

2 The normal pattern of locomotion is heterolateral (left leg and right arm forward). Normal babies, when they first begin to crawl, move in a homolateral pattern (left leg and left arm forward), and as they achieve a higher level of neurological development, progress to a heterolateral pattern. Many children with neurological problems, especially speech and reading difficulties, either have not progressed from a homolateral locomotion pattern to the heterolateral pattern or have regressed to a homolateral pattern typical of more primitive neurological organization. Similar regression occurs in people who are under constant stress. In well people such regression, accompanied by a feeling of confusion, can be caused by a homolateral gait and by other nonheterolateral movements such as bicycling, rowing, weight-pulling or weight lifting, with both arms, and especially by jumping jacks. Exercises that use either one limb at a time or use opposite arms and legs do not have this disorganizing effect (Diamond 1983).

3 Visualization and how to use it for improving technique is covered in Gold Medal Mental Workout by Dariusz Nowicki.

4 Meaning: in the period of general preparation, a great volume of work in general exercises and very little sport-specific exercises; in the sport-specific preparation period, a greater intensity of work in mostly sport-specific exercises and very little general exercises.

5 Applied Kinesiology is a science of human movement, human structure, and the biochemistry of nutrition. Kinesiology means the knowledge of body motion, especially muscle function, and how it relates to the rest of the body systems. Applied refers to putting this knowledge to practical use. Applied Kinesiology uses very specific muscle testing, gait and posture analysis, blood and urine testing, and other noninvasive, inexpensive diagnostic methods. Once a diagnosis is made, therapy may include spinal, cranial, and extremity manipulation (adjustment of joints in the back, neck, skull, and in limbs), myofascial therapies, muscle stimulation, special exercises, as well as changes in diet. Addresses of applied kinesiologists in U.S.A. are available from the International College of Applied Kinesiology, 6405 Metcalf Ave., Suite 503, Shawnee Mission, KS 66202, U.S.A., phone 913-384-5336, website http://www.icakusa.com.

6 Progressions of plyometric exercises for 32 major sports and martial arts are shown in Explosive Power and Jumping Ability for All Sports, Starzynski and Sozanski (1999). In this book there are 156 plyometric exercises arranged in sequences specifically designed for each of these sports and 21 supplementary strength exercises to be used in preparation for plyometrics.

7 An extensive list of metabolic parameters is in articles by Lehmann, M., C. Foster, and J. Keul. 1993. “Overtraining in endurance athletes: a brief review.” Medicine and Science in Sports and Exercise vol. 25, no. 7 and Lehmann, M., H. Wieland, U. Gastmann. 1997. “Influence of an unaccustomed increase in training volume vs. intensity on performance, hematological and blood-chemical parameters in distance runners.” The Journal of Sports Medicine and Physical Fitness vol. 37, no. 2.
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Time for 1.5 miles
(minutes:seconds)

Estimated maximal oxygen uptake
(miL/lkg x min))

13:31-14:00 36
14:01-14:30 34
14:31-15:00 33
15:01-15:30 31
15:31-16:00 30
16:01-16:30 28
16:31-17:00 27
17:01-17:30 26
17:31-18:00 25
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Sports Athlete’s cardiovascular fitness according to the index
poor sufficient good excellent

Kayaking 84 85-104 105-123 124

Rowing 93 94-104 105-114 115

Running 92 93-109 110-125 126

(800-3000 m)

Skating (speed) 101 102-119 120-136 137

Swimming 88 89-98 99-107 108

Volleyball 86 87-95 96-103 104

Wrestling

Greco-Roman

and free-style 86 87-104 105-121 122

judo 9 95-109 110-123 124
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Time for 1.5 miles
(minutes:seconds)

Estimated maximal oxygen uptake
(mL/licg > minl)

7:30 and under 75
7:31-8:00 72
8:01-8:30 67
8:31-9:00 62
9:01-9:30 58
9:31-10:00 55
10:01-10:30 52
10:31-11:00 49
11:01-11:30 46
11:31-12:00 44
12:01-12:30 41
12:31-13:00 39
13:01-13:30 37
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Latent Contraction Time
(seconds)

Latent Relaxation Time
(seconds)

Beginner

0.2080

0.3820

Intermediate

0.2708

0.3730

Advanced

0.2500

0.2532

International

0.2304

02185
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Sports

Athlete's cardiovascular fitness according to the index

poor sufficient good excellent
Basketball 9 95-110 111-125 126
Boxing 101 102123 124-144 145
Fencing 80 81-92 93-103 104
Gymnastics 79 80-89 90-99 100
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Accumula- | Intensifica- | Transforma-
tion tion tion
Throws | march. jog. [sport- al sport- strength
coordination [specific |strength-  [specific | exercises
cxereiscs.  |exercises | endurance |strength | with
sport- with cxercises. | exercises | maximal
specific | medium | technical  [and speed |loads. tests
cxerises | resistance, | throws, cxercises |and starts
with light |various | general
resistance | jumps,
multijumps, |exercises
running
Jumps march. jog. |sport- speed ests and
coordination specific  |execises, |exercses, | starts
exercises | runs, jumps |interval
cpori~ [wth it it smort | raming.
specific  [and and Jumps from
cxercises  |medium | medium [a full prerun
without |resistance. | prerun,
resistance  |technical | finding the
exercises | proper
distance for
a prerun
Sprints | march. jog, | sport ed tests and
coordination |specific | exercises, | exercises. | stas
exerelses. | exercises rk interval
light |rhythm. | training
exercises a endurance | speed-
without  [medium  |runs (1-2 | endurance
resistance | resistance. | min.)
technical
exercises
Middle- |jog, acrobic |acrobic- nacrobic rkon |tests and
distance  [endurance |anaeroble  |endurance. | pace, speed |starts
B endurance |interval |exercises.
runs, big ining [ interval
running | (extensive), | training
play. work  |big running | (intensive)
on rhythm | play. longer
distances
run
repeatedly
aeroblc  [bigrunning |anaerobic  |workon |tests and
distance  |and mixed  [play. circuit |endurance. |pace. starts
runs scrobic- | training. roblc | interval
anaeroblc endurance, | traini
endorance [country  |imterval . |(tensive,
runs runs training | big running
(extensive). | play
big running | (intensive)
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Indicator Moderate load |Heavy load | Very heavy load | Symptoms of
overtraining
Breathing accelerated | very fast very fast.
but even short, and
irregular
Perspiration | light or heavy. above | very heavy.
moderate— | waist below the
depending on waistline
temperature
Face color | light red strongred |very strong red |paleness stays
orvery pale | for a few days
Precision of | normal flaws begin to | big flaws, uncoordinated
movements | confident appear, impaired movements
performance | lowered coordination, |and lack of
precision and | lack of strength
Towered precision. lack |during next
confidence | of confidence | workout
Concentration |normal. full |inattention | clearly inability to
attention during lowered. correct
during explanations. | nervousness, | movements
explanations | lowered ability | elongated after resting
and to apply reaction time |24 or 48
demonstrations |advice, hours,
lowered inability to
differentiation concentrate

during mental
work
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Zone Intensity Duration of an exercise

1 moderate 60 minutes and longer

2 high 5+ minutes to 50 minutes
3 submaximal 20+ seconds to 5 minutes
4 maximal up t0 20 seconds
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Indicator Moderate load |Heavy load | Very heavy load | Symptoms of
overtraining
Disposition | good. no fecling of great aifficulty
complaints | muscular weakness, |falling asleep,
weakness, | vertigo. nausea | poor sleep.
difficulty constant pains
breathing. in muscles
lowered and joints.
efficiency. weakness,
increased lowered
overall physical and
weakness mental fitness.
heart rate
clevated after
24-hour rest
Readiness for | willing o lowered none. longing | unwilling to
effort continue activity. for total rest | work out on
workout tendency to the next day.
prolong rest apathy.
breaks, but resistance to
ready to coach's
continue the demands
effort
Mood happy. lively  [a bit subdued | fear of depression.
but happy if | renewed effort, |doubts about
the effects of  |doubts about | the sense and
the workout | the purpose of |valuc of
are as expected | the workout | training,
looking for

excuse to skip

the workout
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Ability Sensitive age for boys | Sensitive age for girls

Balance 10t0 11 910 10

Movement adequacy 8 t0 13 (greatest pace of |8 to 13 (greatest pace of
development 9 t0 12) development 9 t0 12)

Kinesthetic differentiation |6 107 and then again at |6 t0 7 and then again at
10t0 11 101011

Reaction to signals 81010 81010

Sense of rhythm 91010 709

Spatial orientation 1210 14 1210 14

Synchronization of 6108 6108

‘movements
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Signal

Time of simple reaction

Visual 150-200 milliseconds (100 milliscconds for very advanced
athletes)

Auditory 120-160 milliseconds (50-100 milliseconds for very advanced
athletes)

Tactile 110-160 milliseconds.






images/00021.jpeg
Characteristics/Features Required value

Sports result

Age

How many years training

Body size Height
Mass

Directed (relevant  |Strength

ina given sports.

discipline) fitness | Speed

s Endurance
Agility
Flexibility

Technical preparation (arsenal of techniques, structure of
movements, degree of utilization of directed fitness)

Tactical
preparation

Arsenal of tactical actions

Degree of utilization of techniques

Mental preparation

Level of motivation

Level of arousal

Structure of personality
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Duration

Average heart rate | Total heartbeats in | Internal load
of work workout

1-60 min. 130/min. up to 10800 light

61-90 min. 131-145/ min. 10801-14400 ‘moderate
over 90 min. over 145/min. over 14400 heavy
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Athiete’s weight | Duration of massage in minutes

In normal conditions In sauna

General Local General Local
upto60ke |40 20 20 5-10
(up t0 132 1b)
61-75 kg 50 25 25 6-12
(134-165 1b.)
76-100ke |60 30 30 7-14
(167-220 1b)
over 100 kg |over 60 35 35 518
(over 220 1b)
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Number of repetitions Percentage of maximum weight
1 100

2-3 99-90

46 89-80

7-10 79-70

11-15 69-60

1620 59-50

21-30 49-40

31 and more 39-30






