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Preface
Vv

The classic text Theory and Methodology of Training by Tudor Bompa played a large
role in shaping the training practices of many coaches and athletes throughout the
world. This seminal text eventually became known as Periodization: Theory and Meth-
odology of Training. Since its first publication in 1983 and the fourth edition, which
was published in 1999, Periodization has presented the latest research and practices
related to training theory. The text has been translated into many languages and
has become one of the major resources on periodization for sport scientists, coaches,
and athletes throughout the world; in fact, the fourth edition of the text sold more
than 18,000 copies and was translated into six languages. For the fifth edition of
Periodization: Theory and Methodology of Training, Bompa teams with G. Gregory Haff
to couple the classic concepts that are central to periodization and training theory
with contemporary advances in sport science, physiology, and coaching. The fifth
edition offers the sport scientist, coach, and athlete information central to under-
standing the training process while providing scientific support for the principles
fundamental to periodization.

ORGANIZATION OF THE TEXT

In the fifth edition, Bompa and Haff organize the text into the three major content
areas found in the fourth edition: Training Theory, Periodization Training, and
Training Methods. Part I, Training Theory, contains five chapters that delve into
the major concepts central to training, such as the concept of bioenergetic specificity
of training (chapter 1), the importance of long-term training development (chapter
2), the development of basic characteristics associated with training (i.e., tactical,
technical, physical) (chapter 3), the variables associated with developing a training
plan (chapter 4), and the importance of recovery or restoration in the overall training
process (chapter S). The first five chapters give the coach, sport scientist, and athlete
the concepts necessary for understanding and developing periodized training plans,
which are addressed in part II.

Part II, Periodization of Training, contains four chapters that discuss many of
the classic concepts found in the fourth edition. These chapters provide expanded
discussions on the importance of the annual training plan (chapter 6), methods for
elevating performance at appropriate times (chapter 7), methods for constructing
different training cycles (chapter 8), and how to conceptualize and plan workouts
(chapter 9). Chapter 7 couples the current scientific knowledge about the interrela-
tion between training stress and performance with practical information that will
allow coaches and athletes to manipulate training to ensure optimal performance
during competition.

The chapters in part III, Training Methods, discuss the development of strength
and power (chapter 10), endurance (chapter 11), and speed and agility (chapter 12).
When examining strength and power training, chapter 10 presents information on
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the relationships among force, velocity, the rate of force development, and power and
information on variables that can be manipulated in the construction of a strength
training program. The chapters on endurance (chapter 11) and speed training (chap-
ter 12) have been expanded to include the latest information on developing these
important sport performance characteristics.

UPDATES TO THE FIFTH EDITION

The fifth edition of Periodization: Theory and Methodology of Training maintains several
of the components of the fourth edition including sample annual training plans,
microcycle loading structures, and charts for designing periodized training plans.
New to the fifth edition of Periodization are these features:

An expanded chapter on rest and recovery that discusses ways to facilitate recov-
ery, including dietary supplementation, contrast baths, and massage. The latest
research on recovery is accompanied by practical suggestions for the coach and
athlete.

Discussions on the importance of sequencing training and exploiting delayed
training effects. Detailed physiological rationales are presented to support the
contention that training must be appropriately sequenced to produce optimal
performances at major competitions.

A comprehensive update on the concept of peaking for competition. This section
discusses different methods of peaking an athlete for competition and offers
scientific evidence for the models presented. New figures have been created that
merge contemporary scientific literature and classic literature to give the reader
avisual representation of the optimal timing of a peaking cycle.

A new chapter on the methods for developing muscular strength. This chapter
discusses such concepts as conjugated sequencing and summated microcycle
structures and how they can be used to maximize strength gains and better
direct training.

Expanded discussions about the development of sport-specific endurance. In
this context different types of endurance and specific methods for developing
endurance are presented. The physiological bases for these methods are also
presented to explain how training can affect the athlete’s physiology.

* Improved graphic depictions of major concepts. These new figures
are based on the latest scientific literature on training and physiol-

ogy.

www.HumanKinetics.com

expands on the current understanding of training theory and the appli-

The fifth edition of Periodization: Theory and Methodology of Training
&Ki@ﬂ\ builds on the tradition established in previous editions of this text and
\

cation of periodization.
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PART D

Training Theory

The theoretical basis for training continues to expand as the scientific knowledge
base about how the body responds to various stimuli increases. The information
presented in the first five chapters establishes the foundation from which training
plans can be developed. Chapter 1 explains the objectives of training, the adaptive
process, and how the body supplies energy for physical activity. Chapter 2 presents
the underlying basic principles of training, including the need for individualized
training plans, how to develop a training model, and the importance of load pro-
gression and sequencing. Chapter 3 highlights the importance of physical, technical,
tactical, and theoretical training in the overall training process. Chapter 4 examines
the main variables that can be manipulated in a training plan, including volume,
intensity, density, and complexity. Finally, Chapter 5 discusses the importance of rest
and recovery to the training process and details the effects of overtraining and the
role of recovery modalities.
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CHAPTER

BASIS FOR TRAINING

he science of sport and the preparation of athletes is continuously evolving.

I This evolution is based largely upon an ever-expanding understanding of how

the body adapts to different physical and psychological stressors. Contempo-

rary sport scientists continue to explore the physiological and performance effects of

different training interventions, recovery modalities, nutritional countermeasures,

and biomechanical factors in order to increase the performance capacity of the

modern athlete. As our understanding of the body’s response to different stressors

has grown, contemporary training theorists, sport scientists, and coaches have been
able to expand upon the most basic concept of training,

Central to training theory is the idea that a structured system of training can be
established that incorporates training activities that target specific physiological,
psychological, and performance characteristics of individual sports and athletes. It
follows thatitis possible to modulate the adaptive process and direct specific training
outcomes. This process of modulation and direction is facilitated by an understand-
ing of the bioenergetic functions (how the body supplies energy) required to meet
the physical demands of various physical activities. The coach who understands the
bioenergetic properties of physical activity and sport as well as the impact of the
timing of the presentation of training stimuli on the timeline for physical adaptation
will have a greater chance of developing effective training plans.

SCOPE OF TRAINING

Athletes prepare to achieve a specific goal through structured and focused training,
The intent of training is to increase the athlete’s skills and work capacity to opti-
mize athletic performance. Training is undertaken across a long period of time and
involves many physiological, psychological, and sociological variables. During this
time, training is progressively and individually graded. Throughout training, human
physiological and psychological functions are modeled to meet demanding tasks.
Per the traditions of the ancient Olympic Games, athletes should strive to combine
physical perfection with spiritual refinement and moral purity. Physical perfection
signifies multilateral, harmonious development. The athlete acquires fine and varied
skills, cultivates positive psychological qualities, and maintains good health. The
athlete learns to cope with highly stressful stimuli in training and competitions.
Physical excellence should evolve through an organized and well-planned training
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Psychology

program based on practical experience and application of scientifically supported
methods.

Paramount to training endeavors for novices and professionals is a realistic and
achievable goal, planned according to individual abilities, psychological traits, and
social environments. Some athletes seek to win a competition or improve previous
performance; others consider gaining a technical skill or further developing a biomo-
tor ability. Whatever the objective, each goal needs to be as precise and measurable
as possible. In any plan, short or long term, the athlete needs to set goals and deter-
mine procedures for achieving these goals before beginning training. The deadline
for achieving the final goal is the date of a major competition.

OBJECTIVES OF TRAINING

Training is a process by which an athlete is prepared for the highest level of per-
formance possible (59, 109). The ability of a coach to direct the optimization of
performance is achieved through the development of systematic training plans that
draw upon knowledge garnered from a vast array of scientific disciplines, as shown
in figure 1.1 (109).

The process of training targets the development of specific attributes correlated
with the execution of various tasks (109). These specific attributes include: multilateral
physical development, sport-specific physical development, technical skills, tactical
abilities, psychological characteristics, health maintenance, injury resistance, and
theoretical knowledge. The successful acquisition of these attributes is based upon
utilizing means and methods that are individualized and appropriate for the athletes’
age, experience, and talent level.

* Multilateral Physical Development: Multilateral development, or general fit-
ness (109) as it is also known, provides the training foundation for success in all
sports. This type of development targets the improvement of the basic biomotor
abilities, such as endurance, strength, speed, flexibility,and coordination. Athletes
who develop a strong foundation will be able to better tolerate sport-specific train-
ing activities and ultimately have a greater potential for athletic development.

* Sport-Specific Physical Development: Sport-specific physical development,
or sport-specific fitness (109) as it is sometimes referred to, is the development
of physiological or fitness characteristics that are specific to the sport. This type
of training may target several specific needs of the sport such as strength, skill,
endurance, speed, and flexibility (107,109). However, many sports require a blend-

Anatomy Physiology Biomechanics Statistics RSB AN Spc_)r_ts
measurements medicine
Theory and methodology
of training
b el Pedago Nutrition Histor Sociolo
learning 909y y oy

Figure 1.1

Auxiliary sciences.
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ing of key aspects of performance, such as speed-strength, strength-endurance,
or speed-endurance.

* Technical Skills: This training focuses on the development of the technical
skills necessary for success in the sporting activity. The ability to perfect technical
skills is based upon both multilateral and sport-specific physical development. For
example, the ability to perform the iron cross in gymnastics appears to be limited
by strength, one of the biomotor abilities (36). Ultimately the purpose of training
that targets the development of technical skills is to perfect technique and allow
for the optimization of the sport-specific skills necessary for successful athletic
performance. The development of technique should occur under both normal and
unusual conditions (e.g., weather, noise, etc.) and should always focus on perfecting

the specific skills required by the sport.

* Tactical Abilities: The development of tactical abilities is also of particular
importance to the training process. Training in this area is designed to improve
competitive strategies and is based upon studying the tactics of opponents. Specifi-
cally, this type of training is designed to develop strategies that take advantage of
the technical and physical capabilities of the athlete so that the chances of success
in competition are increased.

* Psychological Factors: Psychological preparation is also necessary to ensure the
optimization of physical performance. Some authors have also called this type of
training personality development training (109); regardless of the terminology, the
development of psychological characteristics such as discipline, courage, persever-
ence, and confidence are essential for successful athletic performance.

* Health Maintenance: The overall health of the athlete should be considered
very important. Proper health can be maintained by periodic medical examinations
and appropriate scheduling of training, including alternating between periods of
hard work and periods of regeneration or restitution. Injuries and illness require
specific attention and proper management of these occurrences is an important
priority to consider during the training process.

* Injury Resistance: The best way to prevent injuries is to ensure that the athlete
has developed the physical capacity and physiological characteristics necessary to
participate in rigorous training and competition and to ensure appropriate appli-
cation of training (61). The inappropriate application of training, which includes
excessive loading, will increase the risk of injury. With young athletes it is crucial
that multilateral physical development is targeted, as this allows for the develop-
ment of biomotor abilities that will help decrease the potential for injury. Addi-
tionally, the management of fatigue appears to be of particular importance. When
fatigue is high, the occurrence of injuries is markedly increased (103), therefore,
the development of a training plans that manage fatigue should be considered to
be of the utmost importance.

* Theoretical Knowledge: Training should increase the athletes’ knowledge
of the physiological and psychological basis of training, planning, nutrition,
and regeneration. It is crucial that the athlete understand why certain training
activities are being undertaken. This can be accomplished through discussing the
training objectives established for each aspect of the training plan or by requiring
the athlete to attend seminars and conferences about training. Arming the athlete
with theoretical knowledge about the training process and the sport improves the
likelihood that the athlete will make good personal decisions and approach the
training process with a strong focus, which will allow the coach and athlete to
better set training goals.
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CLASSIFICATION OF SKILLS

Many ways have been suggested as methods for classifying physical activity skills.
Aside from the traditional method of classifying sport actitivities into individual
sports (track and field, gymnastics, boxing) and team sports (soccer, football, bas-
ketball, volleyball, rugby), a widely accepted classification uses biomotor abilities as
a criterion. Biomotor abilities include strength, speed, endurance, and coordination
(53). While classifying sports by biomotor abilities is very useful, other methods are
also used by coaches. One popular method is to classify sporting skills as either cyclic,
acyclic, or acyclic combined.

* Cyclic skills are used in sports such as walking, running, cross-country
skiing, speedskating, swimming, rowing, cycling, kayaking, and canoeing. The
main characteristic of these sports is that the motor act involves repetitive move-
ments. Once the athlete learns one cycle of the motor act, they can duplicate it
continually for long periods. Each cycle consists of distinct, identical phases that
are repeated in succession. For example, the four phases of a rowing stroke; the
catch, drive through the water, finish, and recovery; are part of a whole. The athlete
performs them over and over in the same succession during the cyclic motion of
rowing. Each cycle the athlete performs is linked; it is preceded and followed by
another one.

* Acyclic skills show up in sports such as shot putting, discus throwing, most
gymnastics, team sports, wrestling, boxing, and fencing. These skills consist of
integral functions performed in one action. For instance, the skill of discus throw-
ing incorporates the preliminary swing, transition, turn, delivery, and reverse step,
but the athlete performs them all in one action.

* Acyclic combined skills consist of cyclic movements followed by an acyclic
movement. Sports such as figure skating, diving, jumping events in track and
field, and tumbling lines and vaulting in gymnastics use acyclic combined skills.
Although all actions are linked, we can easily distinguish between the acyclic and
cyclic movements. For instance, we can distinguish the acyclic movement of a high
jumper or vaulter from the preceding cyclic approach of running,

The coach’s comprehension of these skill classifications plays an important role
in the selection of appropriate teaching methods. Generally, teaching the skill as a
whole appears to be effective with cyclic skills, while breaking the skill into smaller
pieces appears to be more effective with acyclic skills. For example, when working
with javelin throwers the standing throw should be mastered prior to the three-step

stride approach, the six-step approach, and the full approach (38).
SYSTEM OF TRAINING

A system is an organized, methodically arranged set of ideas, theories, or specula-
tions. The development of a system is based upon scientific findings coupled with
accumulated practical experience. A system should not be imported, although it may
be beneficial to study other systems before developing one. Furthermore, in creat-
ing or developing a better system, you must consider a country’s social and cultural
background.

Bonderchuck (9) suggested that a system of training is constructed by observing
three basic principles: 1) uncovering the system’s forming factors, 2) determining the
system’s structure, and 3) validating the efficacy or effects of the system.
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* Uncovering the System’s Forming Factors. Factors that are central to the
development of the training system can stem from general knowledge about the
theory and methods of training, scientific findings, experiences of the nation’s
best coaches, and the approaches used by other countries.

* Determining the System’s Structure. Once the factors central to the success
of the training system are established, the actual training system can be con-
structed. A model for both short- and long-term training should be created. The
system should be able to be applied by all coaches, but it should also be flexible
enough that coaches can enrich the system’s structure based upon their own
experiences.

The sport scientist plays a crucial role in the establishment of a training system.
Research, especially applied research, increases the knowledge base from which the
training system is developed and further evolved. Additionally, the sport scientist
canaid in the development of athlete-monitoring programs and talent-identification
programs, the establishment of training theories, and the development of methods for
dealing with fatigue and stress. While the importance of sport science to the overall
training system seems apparent, this branch of science is not embraced with equal
enthusiasm throughout the world. For, example Stone et al. (110) suggested that the
use of sport science in the United States is on the decline, which may explain, at least
in part, the decrease in performance levels evidenced by some U.S. athletes at some
of the recent Olympic Games.

* Validating the Efficiency of the System. Once a training system is initiated, it
should be constantly evaluated. The evaluation of the efficacy of a training system
can be undertaken in a multidimensional manner. The most simplistic assess-
ments used to validate a training system are the actual performance improvements
achieved in response to the system. More complex assessments can also be used,
including direct measurements of physiological adaptation, such as hormonal or
cell signaling adaptations. Additionally, mechanical assessments can be quantified
to determine if the training structure is working effectively; examples include the
evaluation of maximal anaerobic power, maximal aerobic power, maximal force
generating capacity, and peak rate of force development. Sport scientists can play
avery important role in this capacity, using their expertise to evaluate the athlete
and provide insight into how effective a training system is. If the training system is
not optimal, then the performance enhancement team can reevaluate and modify
the system.

As awhole the quality of the training system depends on direct and supportive fac-
tors (figure 1.2). Direct factors include those related to both training and evaluation,
while supportive factors are related to administration and economic conditions and
to professional and living styles. Although each factor in the overall system plays a
role in the success of the system, it appears that the direct factors are most significant.
The importance of the direct factors further strengthens the argument that the sport
scientist is an important contributor to the development of a quality training system.

The development of a quality training system is essential to the optimization of
performance. Training quality does not solely depend upon the coach, but upon
the interaction of many factors that can impact the athlete’s performance (figure
1.3). Hence, all factors that could affect the quality of training need to be effectively
implemented and constantly evaluated and, when necessary, adjusted to meet the
ever-changing demands of modern athletics.
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Figure 1.3 Factors that affect training quality.

ADAPTATION

Training is an organized process whereby the body and mind are constantly exposed
to stressors of varied volume (quantity) and intensity. The ability of an athlete to adapt
and to adjust to workloads imposed by training and competition is as important as
the ability of a species to adapt to the environment in which it lives—no adaptation,
no survival! For athletes, an inability to adapt to constantly varying training loads
and the stressors associated with training and competition will result in critical levels
of fatigue, overreaching, or even overtraining. In such circumstances, the athlete
will be unable to achieve training goals.
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Ahigh level of performance is the result of many years of well-planned, methodical,
and challenging training. During this time, the athlete tries to adapt her physiology
to the specific requirements of her sport. The greater the degree of adaptation to the
training process, the greater the potential for high levels of performance. Therefore,
the objective of any well-organized training plan is to induce adaptations that improve
performance. Improvement is possible only if the athlete observes this sequence:

Increasing stimulus (load) = adaptation = performance improvement.

If theload is always at the same level, adaptation occurs in the early part of training,
followed by a plateau (stagnation) without any further improvement (figure 1.4):

Lack of stimulus = plateau = lack of improvement.

If the stimulus is excessive or overly varied, the athlete will be unable to adapt and
maladaptation will occur:

Excessive stimulus = maladaptation = decrease in performance.

Therefore, the objective of training is to progressively and systematically increase
the training stimulus (the intensity, volume of training loads, and frequency of
training) to induce superior adaptation and, as a result, improve performance. These
alterations in the training stimulus must include training variation to maximize the
athlete’s adaptation to the training plan (figure 1.5).

Training adaptations are the sum of the transformations brought about by sys-
tematically repeating bouts of exercise. These structural and physiological changes
result from the specific demands that athletes place on their bodies by the activities
they pursue, depending on the volume, intensity, and frequency of training. Physical
training is beneficial only as long as it overloads the body in such a way thatadaption
is stimulated. If the stimulus does not induce a sufficient physiological challenge,
no increase in adaptation can be expected. On the other hand, if the training load is
very high, intolerable, and undertaken for an excessively long period of time, injury
or overtraining may occur.

Specificity of Adaptation

Because adaptation is highly specific to the type of training undertaken, training
must be based on the energy systems dominant in the sport, the skills of the sport,
and the motor abilities required by the sport. The time required to reach a high degree

Plateau Stagnation of performance

f

el
&
o
2
3]
2
o Improvement
n
Preparatory phase l Competitive phase |

Figure 1.4 A standard load results in improvements only during
the early part of the plan.
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(a) Increasing stimulus (load) = adaptation = performance improvement. (b) Lack of stimulus = plateau = lack
of improvement. (¢) Excessive stimulus = maladaptation = decrease in performance.f: increased performance;
= decreased performance.

of adaptation depends on the skill complexity and the physiological and psychologi-
cal difficulty of the sport. The more complex and difficult the sport, the longer the
training time required for the human body to adapt.

If an athlete expects superior performance, he must be exposed to a systematic
and progressive increase in training stimuli that is designed to elevate the athlete’s
physiological and performance capacity (i.e., cross the threshold of adaptation).
Therefore, it is of utmost importance that a systematic and well-organized training
program be followed to induce superior adaptations of the main functions of the
body, such as the following:

* Neuromuscular: Increase the efficiency of movements and coordination,
increase the reflex activity of the nervous system, synchronize motor unit activ-
ity, increase recruitment of motor units, increase motor unit firing rate (rate
coding), increase muscle hypertrophy, increase mitochondrial biogenesis, alter
cell signaling pathways (19).

® Metabolic: Increase the muscular stores of adenosine triphosphate (ATP)
and phosphocreatine (PCr), increase the capacity of muscle to store glycogen,
increase the capacity of muscle to tolerate lactic acid buildup and delay the onset
of fatigue, increase the capillary network for a superior supply of nutrients and
oxygen, increase the use of fat as energy for long-duration activities, increase the
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efficiency of the glycolytic energy system, increase efficiency of the oxidative
system, and alter specific enzymatic processes associated with the various bioen-
ergetic systems on page 21 (87).

* Cardiorespiratory: Increase lung volume, increase hypertrophy of the left
ventricular wall, increase volume of the left ventricle to increase stroke volume
and, as a result, facilitate delivery of oxygenated blood to the working muscles,
decrease heart rate, increase capillary density, increase the lactate threshold so
that the athlete can perform at a higher rate of oxygen consumption, and increase
VO, max to enhance aerobic capacity for prolonged exercises.

The focus of any training program is to improve performance. This is only possible
by breaking the threshold of the present level of adaptation by exposing the athlete to
higher training demands (e.g., use high training loads, greater than 80% in strength
training;increase duration of training or its intensity in endurance sports; or increase
the percentage of maximum speed and agility through training). When an athlete
achieves a new level of adaptation, her performance will improve (figure 1.6).

Adaptation is a long-term, progressive physiological response to general and
sport-specific training programs with the goal of readying the athlete for the specific
demands of competition. Adaptation occurs through positive changes of the main
functions of the body. Training phases—preparatory and competitive—are combined
with different types of adaptations:

* Preadaptation: gradual and temporary adaptation to training during the
early part of a training plan (in this case an annual plan). If training load and the
physiological stressors that result from it are not excessive, these early weeks of
training will progressively lead to a more durable adaptation visible via increased
work capacity and improved tolerance to higher training demand.

* Compensation: the body’s reactions to a training program before reaching
a stable adaptation. During this phase, still in the early part of the preparatory
phase, the athlete experiences positive reactions to the training demand and thus
improved results in testing and skills proficiency. At this time, the body can com-
pensate for high training demands as a demonstration of the athlete’s improved
training potential and increased physiological efficiency.

New threshold sassssssssssssssssssssssnsssnsasnnasnsnnnsunnannnannnannnunnnnnnnnnnunnnunnnunnnnnnngffr

of adaptation

Current threshold

of adaptation \/_

Suboptimal Optimal
training stimulus training stimulus
Figure 1.6 Breaking the threshold of adaptation should improve performance. ¢ =
increase in the threshold of adaptation.
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* Stable or precompetitive adaptation: a phase of improved equilibrium between
work and compensation, between high stressors and the ability to tolerate and
recover from them. Many training loads and social or psychological stressors have
to be planned and applied at the same levels as during competition so that the ath-
letes can learn to react to and cope with them. Exhibition games and competitions
should be used to test both technical and tactical proficiency and physiological
and psychological efficiency. High levels of stability of all training factors indicate
that athletes are in, or are close to reaching, the state of readiness to compete in
the competitions that are scheduled for the next phase.

* State of readiness for competitions: the result of the athlete’s training. The
athlete is ready to compete with high technical efficacy, demonstrates high levels
of athletic effectiveness, displays sport-specific motor skills and physical qualities,
and is able to tolerate stress and adapt to it.

Training Effect

Any training program creates a certain reaction to the adaptive responses of the body;
this is called a training effect. Since the 1960s several authors have discussed this sub-
ject, among them H.K. Cooper with his very influential work The New Aerobics (22).

Training effect can be classified into
three categories:

*Immediate training effect can be
detected during and immediately after
a training session in the form of physi-
ological reaction to a training load, such
as increased heart rate, increased blood
pressure, decreased force production as
a result of fatigue, increased fatigue, and
depletion of muscle glycogen depending
on the intensity and volume of the train-
ing bout.

*Delayed training effect is the final
outcome of a training session that can
be long lasting. Although the immediate
posttraining effect is reduced because
of fatigue, the delayed training effect,
meaning the positive training benefits,
is apparent after the fatigue associated
with training dissipates. The onset of
the delayed training effect depends on
the training bout: The more intense the
training session, the longer the time frame
before performance gains are realized
(42, 43).

*Cumulative effect is the result of

OLIVIER LABALETTE/DPPI/Icon SMI

World-record holder Lance Armstrong spent several sessions or even phases of train-
many years training as a cyclist. The cumula- ing, which can include sessions with very
tive effect of that training was winning 7 Tour challenging loads that are meant to break

de France races. the threshold of adaptation of a given
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training phase. The occurrence of the cumulative training effect often surprises
coaches and athletes alike, who may not be able to anticipate or explain it (“We
have worked hard and suddenly it just happened!”). Good planning of training
sessions, altering high loads and intensities with compensation sessions, will allow
the athlete to benefit from the cumulative training effect.

Zatsiorsky and Kraemer (119) proposed that the relationship between fatigue and
training gains is a factor of 3:1, meaning that fatigue is three times shorter in dura-
tion (e.g., 24 hr) than the positive training effect (e.g., 72 hr). Certainly, the type of
training can change this ratio because anaerobic training is more demanding and
thus more fatiguing. In any case, the positive effects of a training session are visible
after fatigue is eliminated; adaptation then can take place, accompanied by improved
performance.

Cooper (22) used five categories to assess the postexercise training effect. He sug-
gested that the athlete accumulate 30 points a week to achieve a good training effect
(e.g., 2 X category S = 10 points; 2 X category 3 = 6 points) (table 1.1).

Thus, training effects are complex phenomena with short- and long-lasting influ-
ences that can be determined by the following:

* One’s current functional or training state
* The effects of previous training bouts

* The sum of all training stimuli (loads) or their combinations, their order of
application, and the interval between them

SUPERCOMPENSATION CYCLE
AND ADAPTATION

The training phenomenon called supercompensation, also known as Weigert’s law
of supercompensation, was first described by Folbrot in 1941 (107) and later was
discussed by Hans Selye (104), who called it the general adaptation syndrome. Several
Russian, East German, and American (40) researchers and authors have also shed
more light on this essential training concept.

Table 1.1 Cooper’s Training Effect Categories

Category Training effect | Results

1 1.0-1.9 Minor Develops base endurance. No improvement in maximum
performance. Enhances recovery.

2 2.0-2.9 Maintenance Maintains aerobic fitness. Does little to improve
maximum performance.

3 3.0-3.9 Improvement Improves aerobic fitness if repeated two to four times
weekly.

4 4.0-4.9 Rapid Rapidly improves aerobic fitness if repeated one or two

improvement times weekly. Needs few recovery sessions.
5 5.0-up Overreaching Dramatically increases aerobic fitness if combined with

good recovery.

From THE NEW AEROBICS by Kenneth H. Cooper, copyright © 1970 by Kenneth H. Cooper. Used by permission of

Bantam Books, a division of Random House, Inc.
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Selye’s general adaptive syndrome (GAS) theory (figure 1.7) is the basis of pro-
gressive overloading, which if applied inappropriately can create high degrees of
undesirable stress. These concepts suggest that for the best training adaptations to
occur, training loads, training volumes, and bioenergetic specificity have to be sys-
tematically alternated. For example, the coach should plan training blocks that alter
high, moderate, and low training intensities. These alternations of intensities allow
for recovery between training sessions, and the addition of recovery time between
carefully sequenced training phases is the basis for cyclical planning (known as
periodization) and supercompensation.

Supercompensation, therefore, is a relationship between work and regeneration
that leads to superior physical adaptation as well as metabolic and neuropsycho-
logical arousal before a competition. Applying the concept of supercompensation in
training has many benefits:

Helps the athlete manage stress and cope with high training intensities

Helps coaches create structured training systems

Avoids the onset of critical levels of fatigue and overtraining

Makes a coach cognizant of the need to alternate intensities to facilitate the
best adaptations

Justifies the use of different types of posttraining and postcompetition recovery
techniques (e.g., passive and active rest, nutrition, physiotherapy, psychological
techniques)

Facilitates precompetition training to achieve peak performance

Uses both physiological and psychological techniques in training

When athletes train, they are exposed to a series of stimuli that alter their physi-
ological status. These physiological responses can include acute metabolic (28, 40,
96, 113), hormonal (46, 52), cardiovascular (88), neuromuscular (32, 48, 49), and cell

Training
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Time

Figure 1.7 lllustration of Selye’s general adaptation syndrome theory.

A = typical training; B = overtraining; C = overreaching or supercompensation.

Adapted, by permission, from A.C. Fry, 1998, The role of training intensity in resistance exercise overtraining and overreaching. In
Overtraining in sport, edited by R.B. Kreider, A.C. Fry, and M.L. O’Toole (Champaign, IL: Human Kinetics), 114.
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signaling alterations (5). These physiological responses to training are mitigated by
the volume, intensity, frequency, and type of training undertaken by the athlete. The
greater the volume, intensity, or duration of training, the greater the magnitude of
the physiological responses to training.

The acute physiological responses to a training session will result in the accumula-
tion of fatigue (33, 84), which can manifest itself as an inability to produce or main-
tain maximal voluntary force output (48, 49, 92, 93). The postexercise period also is
associated with a reduction in muscle glycogen stores (56), lactic acid accumulation
(112, 116), reductions in PCr stores (64, 72), and an increase in circulating cortisol
levels (3, 54, 94). These physiological responses temporarily reduce the athlete’s per-
formance capacity.

Following the training session, the athlete must dissipate fatigue, restore muscle
glycogen and phosphagen stores, reduce circulating cortisol levels, and deal with
the lactic acid that has accumulated. The time that the athlete needs to recover is
affected by many factors, which can include the training status of the athlete (49),
the muscular contraction type encountered during the training session (92), the use
of restoration techniques, and the nutritional status of the athlete (12). Nutritional
status is of particular importance, because an inadequate diet can increase the time
needed for recovery (13).

The fatigue induced by exercise results in an abrupt drop in the athlete’s homeo-
stasis curve (figure 1.8), which is coupled with a reduction in functional capacity.
Following the exercise bout, the return of the athlete to homeostasis can be considered
a period of compensation. The return to homeostasis, or a normal biological state, is
slow and progressive, requiring several hours to several days (93). If the time between
high-intensity training sessions is sufficient, the body dissipates fatigue and fully
replaces the energy sources (especially glycogen), allowing the body to rebound into
a state of supercompensation.

Every time supercompensation occurs, the athlete establishes a new, increased
homeostatic level with positive benefits for training and performance. Consider
supercompensation as the foundation of a functional increase of athletic efficiency,
resulting from the body’s adaptation to the training stimulus (load) and the replen-
ishment of glycogen stores in the muscle. If the resulting phase or the time between
two stimuli is too long, supercompensation will fade, leading to involution, or a
reduction in performance capacity.

Supercompensation
Involution

Stimulus

_______ ——— > Homeostasis
(normal biological state)

-¢—Compensation

I
|
|
I
|
|
I
|
! v
!

Figure 1.8 Supercompensation cycle of a training session.
Modified from N. Yakovlev, 1967, Sports biochemistry. Leipzig: Deutche Hochschule fur Kérpekultur.
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Phases of Supercompensation

The supercompensation cycle (figure 1.9) has four phases and occurs in the following
sequence.

Phase 1. Duration: 1 to 2 hr

After training, the body experiences fatigue. Exercise-induced fatigue occurs via either
central or peripheral mechanisms (32). Fatigue is a multidimensional phenomenon
caused by several factors:

* Reductions in neural activation of the muscle, which are generally associated
with central fatigue, can occur in response to exercise (49).

* Exercise-induced central fatigue can also increase brain serotonin levels, which
can lead to mental fatigue (32). This accumulated mental fatigue can affect the
athlete’s willingness to tolerate high levels of discomfort or pain associated with
training and competition.

* Exercise can result in impairments in neuromuscular transmission and impulse
propagation, impaired Ca®* handling by the sarcoplasmic reticulum, substrate
depletion, and other factors that disrupt the contractile process and are associ-
ated with exercise-induced peripheral fatigue (31).

* Exercise-induced substrate utilization occurs in response to the intensity, volume,
and duration of the exercise bout. Substrates that can be significantly affected
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Figure 1.9 Supercompensation cycle response to a training session.
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include muscle glycogen and phosphocreatine stores. Muscle glycogen can be
significantly reduced in response to high-intensity interval training (11, 108),
resistance training (55, 83), and endurance training (23, 27). Phosphocreatine
stores can be significantly reduced in as little as 5 to 30 s and can be completely
depleted after exhaustive exercise (64, 73, 74).

* The classic literature suggests that lactic acid accumulation as a result of exer-
cise is a major player in the formation of fatigue (116). It is theorized that higher
levels of lactic acid formation cause a state of acidosis, which may decrease force-
generating capacity as a result of alterations in contractile properties (112, 116).
Contemporary literature suggests that inorganic phosphate (P ), which is formed
from the breakdown of PCr, rather than acidosis, may be the major cause of
muscle fatigue that occurs in response to exercise (116). Increased P, concentra-
tions appear to affect sarcoplasmic reticulum handling of Ca** (6, 30). It has also
been suggested that P. can reduce cross-bridge attachment force as a result of
a decrease in myofibrillar Ca* sensitivity (116).

* During prolonged exercise there is an increase in glucose uptake despite a
decrease in the amount of circulating insulin (75). Glucose uptake is thought
to be facilitated during exercise as a result of glucose transporter-4 (GLUT4)
(111). GLUT is contraction sensitive and facilitates the uptake of glucose by the
working tissue (111).

* During exercise, whether endurance training or resistance training, significant
eccentric exercise components can result in muscle damage (18). Examples of
exercises that have the potential to increase muscle damage, resulting in delayed-
onset muscle soreness (DOMS), are downhill running and lowering weights in
resistance training. Impairments in exercise performance in response to muscle
damage and DOMS can last for up to 24 hr depending on the degree of muscle
damage (47,85). It has been hypothesized that the inflammation associated with
muscle damage plays a role in muscle repair (18).

Phase II. Duration: 24 to 48 hr
As soon as training is terminated the compensation (rest) phase begins. During the
compensation phase the following occur:

* Within 3 to 5 min of the cessation of exercise, ATP stores are completely restored
(60, 66), and within 8 min PCr is completely resynthesized (60). Very high-intensity
exercise may require up to 15 min of recovery after exercise for PCr to be com-
pletely restored (89). Depending on the volume, intensity, and type of training,
the ATP and PCr pool may be increased above normal levels (1, 2).

* Within 2 hr after exercise bouts with large stretch shortening cycle (SSC)
components, such as jumping, electromyographic (EMG) activity is partially
restored as well as maximal voluntary contraction (MVC) (93). However, SSC-
induced fatigue as indicated by depressed EMG and MVC exhibits a bimodal
recovery, with the first recovery occurring within 2 hr and the final recovery
taking 6 to 8 days (93).

* Muscle glycogen usually is restored to basal levels within 20 to 24 hr (13, 29). If
extensive muscle damage occurs, more time is needed for muscle glycogen recov-
ery (25). The rate at which muscle glycogen is restored is directly related to the
amount of carbohydrate consumed during the compensation period (26).
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* Anincrease in oxygen consumption following exercise, known as excess postex-
ercise oxygen consumption (EPOC), occurs in response to the exercise bout
(77). Depending on the modality and intensity of the exercise bout, EPOC can
remain elevated for 24 to 38 hr after the cessation of exercise (14, 77, 90).

* Resting energy expenditure is elevated as a result of a resistance training or
endurance training bout. This elevation in energy expenditure can be expected
to last 15 to 48 hr depending on the magnitude of the training bout (71, 91).
Although the exact mechanism for stimulating an elevation in resting energy
expenditure is not known, some authors have suggested that increased protein
synthesis (81), increased thermogenesis from the thyroid hormones (80), and
increased sympathetic nervous system activity (102) play a role in increasing the
rate of energy expenditure after exercise.

* Afteraresistance training bout an increased protein synthesis rate occurs (17, 81).
By 4 hr postexercise the muscle protein synthesis rate is increased by 50%, and
by 24 hr it is elevated by 109%. The protein resynthesis rate returns to baseline
by 36 hr (81). Thus, it is thought that this phase of the supercompensation cycle
is the initiation of the anabolic phase.

Phase ITI. Duration: 36 to 72 hr
This phase of training is marked by a rebounding or supercompensation of perfor-
mance.

* Force-generating capacity and muscle soreness have returned to baseline by 72
hr postexercise (118).

* Psychological supercompensation occurs, which can be marked by high confi-
dence, feelings of being energized, positive thinking, and an ability to cope with
frustrations and the stress of training,

* Glycogen stores are fully replenished, enabling the athlete to rebound (12).

Phase IV. Duration: 3 to 7 days

If the athlete does not apply another stimulus at the optimal time (during the super-
compensation phase), then involution occurs, which is a decrease in the physiological
benefits obtained during the supercompensation phase. By 6 to 8 days post-stretch
shortening cycle (SSC) performance, the second rebound in electromyographic and
maximal voluntary contraction strength occurs (93).

Following the optimal stimuli of a training session, the recovery period, includ-
ing the supercompensation phase, is approximately 24 hr. Variations in the duration
of the supercompensation phase depend on the type and intensity of training. For
instance, following a medium-intensity aerobic endurance training session, super-
compensation may occur after approximately 6 to 8 hr. On the other hand, intense
activity that places a high demand on the central nervous system may require more
than 24 hr, sometimes as much as 48 hr, for supercompensation to occur.

Elite athletes who follow training programs that do not allow 24 hr between
training sessions do not experience supercompensation after every training session
because they must undertake a second workout before supercompensation can occur.
As suggested in figure 1.10, the improvement rate is higher when athletes participate
in more frequent training sessions (50). When long intervals exist between training
sessions, such as when training is performed three times per week (figure 1.10a), the
athlete will experience less overall improvement than when training is undertaken
more frequently (figure 1.10b) (50, 97). When less time exists between training ses-
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sions, the coach or athlete must alternate the intensity of the training sessions, which
effectively alters the energy demands of the session, as suggested in the planning of
microcycles.

If the athlete is exposed to high-intensity training sessions too frequently, the
body’s ability to adapt to the training stimuli will be significantly compromised and
overtraining may occur (41, 44, 45). As illustrated in figure 1.11, frequent maximal-
intensity stimuli can result in exhaustion or overtraining, which will lead to a decrease
in performance. Recent research on the training adaptations experienced in response
to resistance training supports this contention (69, 97). This research suggests that
when maximal attempts are undertaken too frequently, there is a significant reduction
in the athlete’s ability to adapt to the training program (97). Couple this finding with
previous work on high-intensity overtraining (41, 44, 45) and it is clear that training
at high intensities too frequently does not maximize the athlete’s performance. Some
overzealous coaches, who intend to project an image of being tough and hard working,
believe that athletes must reach exhaustion in each workout (“No pain, no gain!”).
Under such circumstances, athletes never have time to compensate because of the
high levels of fatigue generated. As fatigue increases, the athlete will require longer
time for regeneration. If additional hard training sessions are added too frequently,
the time for restoration continues to lengthen. Thus, a better practice is to intersperse
lower-intensity training sessions into the training plan so that compensation and
ultimately supercompensation can occur.

Stirriulus * *
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Figure 1.10 The sum of training effect. (a) Long intervals between training sessions and (b)
short intervals between training sessions.
Adapted from Harre 1982 (59).
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Figure 1.11 Decline in performance from prolonged maximal-intensity stimuli.
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To maximize the athlete’s performance the coach must regularly challenge the ath-
lete’s physiology, which elevates the ceiling of adaptation and, ultimately, performance
(figure 1.12). This means that the coach must alternate high-intensity training with
lower-intensity training. If done appropriately, this schedule will enhance compensa-
tion and lead to a supercompensation effect. As the athlete adapts to training, new
levels of homeostasis will be achieved and higher training levels will be required for
adaptation to continue (97). As the athlete adapts to new, higher levels of training, a new
supercompensation cycle will begin (figure 1.13). Conversely, if the intensity of train-
ing is not planned well, the compensation curve will not surpass the previous levels of
homeostasis and the athlete will not benefit from the supercompensation (figure 1.14).

Improvement

Figure 1.12 Alternating maximal- and low-intensity stimuli produces a wavelike improve-
ment curve.

Start of new
supercompensation cycle

New level of homeostasis

:I— Improvement

Previous level
of homeostasis

Figure 1.13 A new, higher level of homeostasis means that the next supercompensa-
tion cycle starts from that point.

Previous level of homeostasis

? New level of homeostasis

Start of new
supercompensation cycle

Figure 1.14 A decreased level of homeostasis means that the next supercompensation
cycle starts at a point lower than the previous level.
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High levels of fatigue resulting from continuous or too frequent high-intensity
training will attenuate the supercompensation effects and prevent the athlete from
achieving peak performance.

SOURCES OF ENERGY

Energy provides an athlete the capacity to perform work. Work is the application of
force, that is, contracting muscles to apply force against a resistance. Energy is a pre-
requisite for performing physical work during training and competitions. Ultimately,
we derive energy from converting foodstuff at the muscle cell level into a high-energy
compound known as adenosine triphosphate (ATP), which is then stored in the
muscle cell. ATP, as its name suggests, consists of one molecule of adenosine and
three molecules of phosphate.

Energy required for muscular contraction is released by converting high-energy
ATPinto ADP + P (adenosine diphosphate + inorganic phosphate). As one phosphate
bond is broken, causing ADP and P, to split, energy is released. The amount of ATP
stored in muscle is limited, so the body must continually replenish ATP stores to
enable physical activity.

The body can replenish ATP stores by any of the three energy systems, depend-
ing on the type of physical activity: the phosphagen (ATP-PC) system, the glycolytic
system, and the oxidative system (figure 1.15).

Phosphagen (ATP-PC) System

The primary anaerobic energy system is the phosphagen system (ATP-PC). The
phosphagen system contains three basic reactions that are used in the processing
of ATP. The first reaction results in the breakdown of ATP into adenosine diphos-
phate (ADP) and P, resulting in a release of energy. Because the skeletal muscle
has limited ATP stores, further reactions are needed to maintain ATP availability.
The second reaction is used to resynthesize ATP from ADP and phosphocreatine
(creatine phosphate or PCr). In this scenario a phosphate is removed from the PCr,
forming P, and creatine (C). The P, that is formed by this process is then added to
ADP and an ATP molecule is formed. The final reaction that can occur breaks ADP
into adenosine monophosphate and P,, after which the P, can again be added to ADP,
resulting in the formation of ATP.

Because skeletal muscle can store only a small amount of ATP, energy depletion
occurs in as little as 10 s of high-intensity work (87), whereas PCr can be decreased
by 50% to 70% of initial values in as little as S s of high-intensity exercise and can be
almost completely depleted in response to intense exhaustive exercise (64, 73, 74).
Interestingly, the highest contribution to ATP production by PCr occurs in the first
2 s of the initiation of exercise; by 10 s of exercise the ability of PCr to supply ATP
is decreased by 50%, and by 30 s of exercise PCr contributes very little to the supply
of ATP. At around 10 s, the glycolytic system’s contribution to ATP supply begins to
increase (87).

The phosphagen system appears to be the primary energy source for extremely
high-intensity activities, such as short sprints (e.g., 100 m dash, 40 m dash), diving,
American football, weightlifting, jumping and throwing events in track and field,
vaulting in gymnastics, and ski jumping.
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Figure 1.15 Main sources of energy in sport activity.

Adapted from McArdle, Katch, and Katch 2007 (88) and from Brooks et al. 2000 (10).

The replenishment of the phosphagen stores is usually a rapid process, with 70%
restoration of ATP occurring in about 30 s and complete restoration occurring within
3 to 5 min of exercise (65). The restoration of PCr takes longer, with 2 min for 84%
restoration, 4 min for 89% restoration, and 8 min for complete restoration (58, 65, 66).
Restoration of the phosphagens occurs mostly via aerobic metabolism (60). However,
the glycolytic system may also contribute to the restoration of the phosphagen pool

after high-intensity exercise (34, 60).

Glycolytic System

The second anaerobic energy system is the glycolytic system, which is the prevalent
energy system for activities that last from 20 s to about 2 min (87). The primary fuel
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To perform well, an athlete must replenish her energy sources through proper nutrition
and hydration.

for the glycolytic system comes from the breakdown of blood glucose and glycogen
stores (109). Initially, the vast majority of ATP is supplied from fast glycolysis, and
as the duration of activity approaches 2 min, the supply of ATP primarily comes
from slow glycolysis.

Fast glycolysis results in the formation of lactic acid, which is rapidly converted to
lactate (20). When glycolysis occurs at a very rapid rate, the body’s ability to convert
lactic acid to lactate may become impaired and lactic acid will begin to accumulate,
which can resultin fatigue and ultimately a cessation of activity (109). The accumula-
tion of lactic acid is most prevalent in repeated high-intensity exercise bouts, especially
those with short rest duration (63, 76). Thus, a high concentration of lactic acid may
indicate a rapid energy supply.

As the duration of the activity increases toward the 2 min mark, the supply of
ATP shifts from fast glycolysis to slow glycolysis. Theoretically, as the intensity of
the bout of exercise is decreased and the rate of glycolytic breakdown of glucose and
glycogen is slowed, thus reducing the buildup of lactic acid and allowing the body to
buffer lactic acid to lactate and form pyruvate (20, 109). Once pyruvate is formed it
is shuttled into the mitochondria, where it is used in oxidative metabolism. Lactate
is also shuttled to the liver, where it is converted into glucose, or goes to active tissue
such as the skeletal and heart muscle, where it is converted to pyruvate and ultimately
used in oxidative metabolism (87).

The amount of glycogen available is related to the amount of carbohydrates pres-
ent in the diet (26). Thus, it is easy to see that low-carbohydrate diets will result in
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a reduction of muscle glycogen stores, which will impair the athlete’s performance
(57). The utilization of glycogen during exercise and competition depends on the
duration and intensity of the exercise bout (56, 105, 106). Aerobic exercise (51) and
anaerobic exercise such as repeated sprint intervals (3) and resistance training (56)
can significantly affect muscle and liver glycogen stores. Following exercise, one of the
major concerns for athletes and coaches is the time frame for glycogen resynthesis.
If the athlete does not replenish glycogen stores, performance can be significantly
impaired. Inadequate muscle glycogen stores have been linked to exercise-induced
muscle weakness (117), decreases in isokinetic force production (70), and decreases
in isometric strength (62).

After the completion of an exercise bout, it generally takes between 20 and 24 hr for
muscle glycogen to be completely restored (29). If, however, inadequate carbohydrate
is present in the diet or excessive exercise-induced muscle damage occurs, the time
required for glycogen restoration can be significantly extended (24, 26). In the 2 hr
after the cessation of exercise, the athlete has a great opportunity to increase muscle
glycogen synthesis rates. Ivy and colleagues (68) suggested that if carbohydrates are
consumed within 2 hr of the completion of exercise, muscle glycogen storage can
increase 45%. This may be particularly important when the athlete has only a short
period of time between exercise bouts or competitive bouts on the same day (56).

Oxidative System

Much like the glycolytic system, the oxidative system has the ability to use blood
glucose and muscle glycogen as fuel sources for producing ATP. The major differ-
ence between the glycolytic and oxidative systems is that the enzymatic reactions
associated with the oxidative system occur in the presence of O,, whereas the glyco-
lytic system processes energy without O, (10). Unlike the fast glycolytic system, the
oxidative system does not produce lactic acid from the breakdown of glucose and
glycogen. Additionally, the oxidative system has the ability to use fats and proteins
in the production of ATP (109).

At rest, the oxidative systems derives about 70% of its ATP yield from the oxidation
of fats and about 30% of its ATP from the oxidation of carbohydrate (10, 109). Fuel
utilization depends on the intensity of exercise. Brooks and colleagues (10) outlined
what is termed the cross-over concept, in which lower-intensity exercise receives its ATP
primarily from the oxidation of fat and some carbohydrates. As the intensity of exercise
increases, the amount of carbohydrate used for ATP production increases whereas the
utilization of fat to supply ATP decreases. This again gives support for the concept
that higher-intensity exercise bouts use carbohydrates as a primary fuel source.

The oxidative or aerobic system is the primary source of ATP for events lasting
between 2 min and approximately 3 hr (all track events of 800 m or more, cross-
country skiing, long-distance speedskating). Conversely, activities that are shorter
than 2 min rely on anaerobic means to meet their ATP demands (88).

The coach and athlete need to understand the bioenergetic mechanisms that supply
energy for exercise and sport performance. A paradigm can be created in which the
athlete is trained based on the bioenergetics of the sporting activity. This has been
termed bioenergetic specificity (109). Figure 1.16 illustrates the energy sources used
for specific sports and events. The coach and athlete can use the bioenergetic clas-
sification of sports, which is based on the duration, the intensity, and the fuel used
by the activity, to create effective training programs for specific sports.
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Overlap of the Energy Systems

At all times the various energy systems contribute to the overall ATP yield. However,
depending on the physiological demands associated with the exercise bout, ATP yield
canbelinked to a primary energy system (109). For example, very high-intensity events,
such as the 100 m sprint, that occur in a short time can resultin a significant reliance
on the anaerobic energy systems to meet the demand for ATP (101). As the duration
of the activity is extended, the reliance on oxidative mechanisms for supplying ATP
increase (figure 1.17). For example, exercise bouts that last approximately 1 min will
meet 70% of the body’s energy demand via anaerobic mechanisms, whereas bouts of
exercise thatare 4 min in duration will meet 65% of the body’s energy demand via the
use of aerobic metabolism (101). Thus, there is a primary energy system that meets
the athlete’s ATP needs during a specific sporting event, and understanding this will
help the coach and athlete design training programs that target specific bioenergetic
needs for the sporting activity (109).

The amount of lactate in the blood gives insight into which energy system is acting
as the primary energy supplier. Higher levels of lactate formation suggest that the
glycolytic system is operating at a very high rate, thus creating a buildup of lactic
acid and lactate. In endurance or aerobic activities, the first point at which lactate
formation begins to abruptly increase is termed the lactate threshold (LT) and
represents a shift from aerobic energy supply to anaerobic energy supply as inten-
sity of exercise increases (109). In untrained individuals, the LT occurs somewhere
between 50% and 60% of maximal aerobic capacity (VO,max), whereas highly trained
endurance athletes demonstrate an LT as high as 80% of VO,max (16, 88). The LT of
an elite endurance athlete can occur somewhere between 83% and 93% of maximal
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Figure 1.17 Relationship between time and anaerobic and aerobic energy supply.

Adapted, by permission, from S.K. Powers and E.T. Howley, 2004, Exercise physiology: Theory and application
to fitness and performance 5th ed. (New York, NY: McGraw Hill), 519. © McGraw-Hill Companies, Inc.
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heart rate (35, 67, 95). The second major increase in lactate accumulation occurs at
about 4 mM and is termed the onset of blood lactate accumulation (OBLA) (88).
In trained endurance athletes, the OBLA has been demonstrated to occur between
90% and 93% of maximum heart rate (35, 67, 95).

Several researchers have offered evidence that the time point at which the LT and
OBLA occur is affected by the training stimulus (39, 78, 79). Recent work by Esfarjani
and Laursen (39) suggests that performing high-intensity intervals can result in sig-
nificant elevations in endurance performance and in the LT, allowing the endurance
athlete to work at a higher intensity before experiencing lactic acid buildup.

Sprintinterval training has been demonstrated to increase glycolytic and oxidative
enzymatic activity, improve maximal short-term power output, and increase maxi-
mal aerobic power (82). It has been suggested that a high aerobic capacity enhances
the recovery from high-intensity anaerobic exercise because this capacity enhances
removal of lactate and PCr regeneration (114). These findings might falsely lead
coaches and athletes to think that aerobic training is needed to enhance the athlete’s
ability to recover from repetitive bouts of high-intensity anaerobic exercise. However,
several studies clearly demonstrate that maximal aerobic power or capacity is of little
importance in the recovery from repetitive bouts of high-intensity anaerobic exercise
(8, 15,22, 115). The inclusion of high-intensity interval training by athletes who par-
ticipate in sports that are predominated by anaerobic energy supply will result in an
aerobic capacity that is high enough to enhance postexercise recovery (15). Although
the inclusion of aerobic training significantly increases aerobic power and capacity,
it generally decreases anaerobic performance (37). Therefore, coaches and athletes
should focus on enhancing the bioenergetic profile for the sporting event.

Table 1.2 provides information regarding the bioenergetic characteristics of many
sports. In interval training, the rest interval between bouts of activity can signifi-
cantly affect the primary energy system stressed (109). Shorter work-to-rest intervals
(such as 1:1-1:3) will selectively target the oxidative system, whereas longer work-to-
rest intervals (1:12-1:20) will selectively target the phosphagen system (109). Coaches
should consider modeling the intensity and time characteristics of the sporting event
(99, 100). Plisk and Gambetta (100) recommended that conditioning drills model the
bioenergetics of the sporting event and incorporate the tactical and technical compo-
nents of the activity. If incorporated correctly, the conditioning drill will account for
the time characteristics and the intensity profile of the activity. To design effective
programs, the coach or athlete needs to understand the performance characteristics
and bioenergetic demands of the sporting activity.

The coach or athlete should consider the durations of a rally in racket sports, a
tactical segment of a game in basketball or ice hockey, and the rest interval between
bouts of exercise. For example, when designing training programs for sports such as
football, soccer, or rugby, the coach should consider the position the athlete plays on
the team. In American football, the average play lasts between 4 and 6 s and players
have rest intervals of 25 to 45 s; in addition, different positions have very different
physiological challenges (98). When looking at soccer the coach should consider the
distance covered by the various positions (defenders ~10 km; midfield players ~12
km; forwards ~10.5 km), because this will affect the bioenergetic stressors placed on
each athlete (7). In a soccer match, high-intensity exercise that taxes the anaerobic
system lasts around 7 min with an average of 19 sprints that last about 2.0 s, with
the remainder of the activity taxing the aerobic system (7).



Table 1.2 Energy Delivery Systems (Ergogenesis in Percentages) for Sports

Event or
Sport position Phosphagen | Glycolytic Oxidative Reference
Archery 0 0 100 Mathews and Fox (80)
Athletics 100 m 98 2 0 Powers and Howley (95)
]fit;";‘g)k and 200 m 38 57 5 Mader
400 m 40 55 5 Powers and Howley (95)
800 m 10 60 30 Powers and Howley (95)
1,500 m 5 35 60 Powers and Howley (95)
3,000 m 20 40 20 Mathews and Fox (80)
5,000 m 2 28 70 Powers and Howley (95)
10,000 m 5 15 80 Mathews and Fox (80)
Marathon 0 2 100 Powers and Howley (95)
Jumps 90 10 0 Powers and Howley (95)
Throws 90 10 0 Powers and Howley (95)
Baseball 80 15 5 Powers and Howley (95)
Basketball 80 10 10 Powers and Howley (95)
Biathlon 0 5 95 Dal Monte (30)
Canoeing C1: 1,000 m 25 35 40 Dal Monte (30)
C2: 1,000 m 20 55 25 Dal Monte (30)
C1,2: 10,000 m | 5 10 85 Dal Monte (30)
Cycling 200 m track 98 2 0 Dal Monte (30)
4,000 m 20 50 30 Dal Monte (30)
pursuit
Road racing 0 5 95 Dal Monte (30)
Diving 98 2 0 Powers and Howley (95)
Driving Motor sports, 0 0-15 85-10 Dal Monte (30)
luge
Equestrian 20-30 20-50 20-50 Dal Monte (30)
Fencing 90 10 0 Dal Monte (30)
Field hockey 60 20 20 Powers and Howley (95)
Figure skating 60-80 10-30 20 Dal Monte (30)
Football 90 10 0 Powers and Howley (95)
Golf 100 0 0 Powers and Howley (95)
(swinging)
Gymnastics 90 10 0 Powers and Howley (95)
Handball 80 10 10 Dal Monte (30)
Ice hockey Forward 80 20 0 Powers and Howley (95)
Defense 80 20 Powers and Howley (95)
Goalie 95 5 Powers and Howley (95)
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Event or

Sport position Phosphagen | Glycolytic Oxidative Reference
Judo 90 10 0 Dal Monte (30)
Kayaking K1: 500 m 25 60 15 Dal Monte (30)
K2,4: 500 m 30 60 10 Dal Monte (30)
K1: 1,000 m 20 50 30 Dal Monte (30)
K2,4: 1,000 m 20 55 25 Dal Monte (30)
K1,2,4: 10,000 |5 10 85 Dal Monte (30)
m
Rowing 20 30 50 Powers and Howley (95)
Rugby 30-40 10-20 30-50 Dal Monte (30)
Sailing 0 15 85-100 Dal Monte (30)
Shooting 0 0 100 Dal Monte (30)
Skiing Slalom (45- 40 50 10 Alpine Canada (4)
50 s)
Giant slalom 30 50 20 Alpine Canada (4)
(70-90 s)
Super giant 15 45 40 Alpine Canada (4)
(80-120 s)
Downhill (90- 10 45 45 Alpine Canada (4)
150 s)
Nordic 0 5 95 Dal Monte (30)
Soccer Goalie 80 20 0 Powers and Howley (95)
Halfback 60 20 20 Powers and Howley (95)
Striker 80 20 Powers and Howley (95)
Wing 80 20 Powers and Howley (95)
Speedskating | 500 m 95 5 Dal Monte (30)
1,500 m 30 60 10 Dal Monte (30)
5,000 m 10 40 50 Dal Monte (30)
10,000 m 5 15 80 Dal Monte (30)
Swimming 50 m 95 5 0 Powers and Howley (95)
100 m 80 15 5 Powers and Howley (95)
200 m 30 65 5 Powers and Howley (95)
400 m 20 40 40 Powers and Howley (95)
800 m 10 30 60 Mathews and Fox (80)
1,500 m 10 20 70 Powers and Howley (95)
Tennis 70 20 10 Powers and Howley (95)
Volleyball 90 10 0 Powers and Howley (95)
Water polo 30 40 30 Dal Monte (30)
Wrestling 45 55 0 Powers and Howley (95)

‘Personal communication, 1985.
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SUMMARY OF MAJOR CONCEPTS

The purpose of training is to increase athletes’ working capacity, skill effectiveness,
and psychological qualities to improve their performance in competitions. Training
is a long-term endeavor. Athletes are not developed overnight, and a coach cannot
create miracles by cutting corners and overlooking scientific and methodological
theories.

As athletes train, they adapt or adjust to the training load. The better the athlete’s
anatomical, physiological, and psychological adaptation, the higher is the probability
of improving his or her athletic performance.

Supercompensation is the most important concept in training. The dynamics of
a supercompensation cycle depend on planned training intensities. Good planning
must consider supercompensation, because its application in training ensures the
restoration of energy and, most important, helps athletes avoid critical levels of fatigue
that can result in overtraining.

To conduct an effective training program, coaches must understand energy systems,
the fuel used by each system, and how much time athletes need to restore energy fuels
used in training and competition. A good understanding of restoration time for an
energy system is the foundation for calculating rest intervals between training activi-
ties during a workout, between workouts, and after a competition.



CHAPTER

PRINCIPLES
OF TRAINING

ince athletic training began, more than 3,000 years ago (see Eneida, written by
S the Roman poet Virgil in the second decade BC), athletes and trainers have

established and followed principles of training. These principles have evolved
through the years as a result of research in the biological, pedagogical, and psycho-
logical sciences. These principles of sports training are the foundation of the theory
and methodology of training.

The main objective of training is to increase the athlete’s sporting skills and, ulti-
mately, level of sporting performance. Training principles are part of a whole concept
and should not be viewed in isolated units. However, they are often examined sepa-
rately to better understand the basic concepts. Correct use of these training principles
will result in superior training programs and well-trained athletes.

MULTILATERAL DEVELOPMENT
VERSUS SPECIALIZATION

The overall development of athletes involves striking a balance between multilateral
development and specialized training. In general, the early development of athletes
should focus on multilateral development, which targets the overall physical devel-
opment of the athletes. As the athlete becomes more developed, the proportion of
specialized training, which focuses primarily on the skills needed in the targeted
sport, steadily increases. In order to effectively develop the athlete, the coach must
understand the importance of each of these two training stages and how the training
focus changes as the athlete develops.

Multilateral Development

Support for the concept of multilateral development is found in most areas of educa-
tion and human endeavors. In athletics, multilateral development, or overall physical
development, is a necessity (9, 25, 84). The use of a multilateral development plan is
extremely important during the early stages of an athlete’s development (84). Mul-
tilateral development during the athlete’s formative years lays the groundwork for
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Stages of development

later periods of training when specialization becomes a greater focus of the training
plan. If properly implemented, the multilateral training phase will allow the athlete
to develop the physiological and psychological basis needed to maximize performance
later in his career (84).

The temptation to deviate from a multilateral development plan and begin spe-
cialized training too soon can be very great, especially when a young athlete dem-
onstrates rapid development in a sporting activity. In such cases, it is paramount
that the instructor, coach, or parent resist this temptation, because it has been well
documented that a broad multilateral base of physical development is necessary to
prepare the athlete for more specialized training later in her development (9, 25, 84).
If training is sequenced appropriately and begins with a strong foundation of multi-
lateral training early in the athlete’s development, the athlete will be able to achieve
much higher levels of physical preparation and technical mastery and ultimately will
achieve higher levels of performance.

A sequential approach to an athlete’s development, progressing from multilateral
to specialized training as the athlete matures, appears to be a prerequisite for maxi-
mizing sporting performance (25, 79, 84). Figure 2.1 illustrates a conceptual model
for a long-term sequential approach to training.

The base of the pyramid in figure 2.1 rep-
resents a period of multilateral development,

which is the foundation of the training

program. This part of the training program

Maturation includes multifaceted motor development,

multisport skills, and some sport-specific

Junior Specialized skills. The variety of exercise that the athlete
athletes training . ..

undertakes during this time allows for full

Childhood Multilateral development of the child’s physiological

development

systems. For example, in this phase of train-

Figure 2.1 Sequential model for long-term  ingthe neuromuscular, cardiovascular, and
athletic training. energy systems are activated in various ways

to allow for balanced development. When

the athlete’s development reaches an accept-
able level, especially her physical development, she will progress to the second phase
of development, which is marked by a greater degree of specialization.

The multilateral phase of training does not exclude specificity in the training
process. On the contrary, training specificity is present in all stages of a training
program but in varying proportions, as can be seen in figure 2.2. Figure 2.2 shows
that during the multilateral phase of training, the percentage of specialized train-
ing is very small. As the athlete matures, the degree of specialization increases. It is
believed that the multilateral base serves as a foundation for future development and
helps the athlete avoid overuse injuries and staleness in training (84).

Support for the benefits of multilateral development can be seen in three longi-
tudinal studies performed in three countries (18, 22, 46). In a 14-year study in the
former East Germany (46), a large number of 9- to 12-year-olds were placed into
two groups. The first group trained in a manner similar to the approach taken in
North America, focusing on early specialization in a given sport. These athletes used
exercises and training methods that were specific to a particular sport. The second
group followed a generalized program that focused on multilateral development. This
group participated in a variety of sports, learned a variety of skills, and undertook
overall physical training in addition to sport-specific skills and physical training.
The results of this investigation (see Comparison Between Early Specialization and
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Figure 2.2 Comparison between early specialization and multilateral development.

Multilateral Development, p. 34) support the contention that a strong foundation,
which is established by using a multilateral approach, leads to greater athletic success.
Russian sources (22) often refer to a survey that resulted in similar findings. This
longitudinal study concluded that specialization should not start in most sports
before the age of 15. Some of the major findings of this study are as follows:

* Most of the best Russian athletes had a strong multilateral foundation.

* Most athletes started training at 7 or 8 years of age. During the first few years,
all athletes participated in various sports, such as soccer, cross-country skiing,
running, skating, swimming, and cycling. From 10 to 13, the children also par-
ticipated in team sports, gymnastics, rowing, and track and field.

* Specialized programs started at ages 15 to 17, without neglecting earlier sports
and activities. Best performances were achieved after 5 to 8 years in the special-

ized sports.

* Athletes who specialized at a much earlier age achieved their best performances
at a junior age level (<18 years). These performances were never duplicated when
they became seniors (>18 years). Many retired before reaching senior levels. Only
a minority of the athletes who specialized at a young age were able to improve
performance at senior level.

* Many top-class athletes started to train in an organized environment at the
junior level (14-18 years of age). They had never been junior champions or held
national records, but at the senior age many of them achieved national- and
international-class performances.

* Most athletes considered their success attributable to the multilateral founda-

tion built during childhood and junior age.
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COMPARISON BETWEEN EARLY SPECIALIZATION
AND MULTILATERAL DEVELOPMENT

Muiltilateral Development

Early Specialization

Quick performance improvement

Best performances achieved at 15 to 16
years of age because of quick adaptation

Inconsistent performance in competition
High incidence of burnout and quitting
sport by age 18

Increased risk of injury because of forced

adaptation and lack of physiological devel-
opment

Slower performance improvement

Best performances at age 18 or older when
the athlete has reached physiological and
psychological maturation

Consistent and progressive performance in
competition

Longer athletic career

Fewer injuries as a result of more progressive
loading patterns and overall physiological

development

Based on Harre 1982 (46).

The third study, conducted by Carlson (18), analyzed the training background
and development patterns of elite Swedish tennis players who were very successful
in international competition. The subjects were divided into a study group that
consisted of elite adult tennis players and a control group that was matched by age,
gender, and junior rankings. The most relevant findings are shown in the summary
of research on page 35. Both groups of players were equal in skills up to the age group
of 12 to 14; the difference in skills between the two groups occurred after this age.
Additional findings in the control group were that skill development was fast during
early adolescence and these players participated in an atmosphere of high demand
for success. Interestingly, the control group players specialized at age 11, whereas the
study group did not begin to specialize until the age of 14. In fact, the study group
participated in a wide variety of sporting activities during early adolescence, whereas
the control group performed specialized, professional-like training. Although the
control group demonstrated significantly greater performances as juniors, the study
group demonstrated their highest levels of performance as senior athletes. The work
of Carlson (18) supports the importance of a multilateral training approach that is
marked by all-around sport engagement and less professional-type training during
early childhood and adolescence.

The coach should consider multilateral training in the early stages of an athlete’s
development as the foundation for future specialization and athletic mastery (58).
Multilateral training should be used mostly when training children and juniors
(9, 58). In these stages of athlete development it is essential that a strong vocabu-
lary of physical and psychological attributes be developed. Physical skill sets that
are essential during this phase of training include natural movements like run-
ning, jumping, climbing, and throwing (58, 79). Additionally, the development of
speed, agility, coordination, flexibility, and overall general fitness is important at
this phase of development. These training goals are best accomplished through
diverse activities that allow for the development of several biomotor abilities. In
this process, the young athlete will be taught a diverse group of exercise techniques,
which include some of the technical aspects of the selected sport. All of these skill
sets will be used as the athlete becomes more developed and multilateral training
becomes less of a focus.
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Control Group

* Began to specialize at age 11, when multi-
lateral training ceased

* Experienced significantly less multilateral
training during early development ages

* Practiced tennis more than the study group
between the ages of 13 and 15

* Tended to lose self-confidence as they pro-
gressed through training

* Developed faster during early adolescence
than did the study group

* Experienced greater pressure for success

v. \.
SUMMARY OF RESEARCH EXAMINING THE EFFECTS
OF EARLY SPECIALIZATION AND MULTILATERAL TRAINING
ON ATHLETE DEVELOPMENT

Study Group
* Began to specialize at age 14 or older

* Experienced significantly more multilateral
training during early development stages

® Practiced tennis more than the control
group after the age of 15

* Tended to gain self-confidence as they pro-
gressed through training

* Developed more slowly during early adoles-
cence than did the control group

* Experienced less pressure for success during
early stages of development from parents

during early stages of development from and coaches
parents and coaches

\ g

° °
Adapted from Carlson 1988 (18).

All athletes should participate in multilateral training to some degree throughout
their careers (figure 2.2). The greatest amount of multilateral training occurs during
the early stages of development, and less focus on this type of training occurs as the
athlete progresses. Multilateral development is essential to optimize the effects of
specialized training later in the athlete’s career.

Specialization

Whether training on a field, in a pool, or in a gymnasium, the athlete eventually will
specialize in a sport or event. Training for a sport results in physiological adaptations
that are specific to the activity’s movement pattern, metabolic demand, force genera-
tion pattern, contraction type, and muscle recruitment pattern (28, 83, 91). The type
of training used has a very specific effect on the athlete’s physiological characteristics
(21). For example, endurance training has the ability to stimulate both central and
peripheral adaptations, which can include altering neural recruitment patterns, modi-
tying bioenergetic or metabolic factors, and stimulating significant skeletal muscle
alterations (2, 48). Conversely, resistance training results in significant alterations
to the contractile machinery, neuromuscular system, and bioenergetic or metabolic
pathways (1, 21). Contemporary research suggests that skeletal muscle exhibits alarge
amount of plasticity in response to different modalities of resistance or endurance
training resulting in the activation or deactivation of different molecular signaling
pathways depending on the type of training encountered (4, 6, 7, 21, 67, 68, 102).
Specific adaptations are not limited to physiological responses, because technical,
tactical, and psychological traits are also developed in response to specialized train-
ing. It is very likely that each sporting activity can develop attributes that allow the
athlete to achieve a high level of mastery.

Specialization is a complex nonunilateral process that is based on multilateral
development. As an athlete progresses from a beginner to a mature athlete who has
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mastered her sport, the total volume and intensity of training progressively increase,
as does the degree of specialization. Several authors suggest that the best training
adaptations occur in response to exercises specific to the sporting activity and exer-
cises that target given biomotor abilities only after a multilateral foundation has been
developed (22,79). The former refers to exercises that parallel or mimic the movements
of the sport, whereas the latter refers to exercises that develop strength, speed, and
endurance. The ratio between these two exercise groups varies for each sport, depend-
ing on its characteristics. In long-distance running, for example, approximately 90%
of the volume of training consists of sport-specific exercises. In other sports, like high
jumping, these exercises represent only 40%; exercises that develop leg strength and
jumping power make up the rest. When working with advanced athletes, coaches
should dedicate only 60% to 80% of the total training time to sport-specific exercise
(figure 2.2) and should dedicate the remainder of training to developing biomotor
abilities.

Coaches should carefully plan the ratio between multilateral and specialized
training, taking into consideration the modern tendency to lower the age of athletic
maturation. In some sports, athletes achieve a high level of performance at young ages
and thus must enter the sport at a young age (25). Examples of these sports include
artistic gymnastics, gymnastics, figure skating, swimming, and diving. However,
recent changes to Olympic competition rules may increase the average age for high-
level gymnastics performance. For example, to compete in the Olympics a female
gymnast must turn 16 during the year of the Olympic Games. During the years 2005
to 2007, the average age of competitors at the gymnastics world championships was
about 18.0 (85).

Table 2.1 presents a rough guide for the age an individual can begin to train, the
time when specialization may start, and the age when the highest performance is
usually reached. Some authors suggest that the optimal age to begin training is

Table 2.1 Age of Starting, Specializing, and Reaching High Performance in

Different Sports

Age to begin Age to start Age when highest
Sport training specialization performance is achieved
Archery 12-14 16-18 23-30
Athletics (track and field)
Sprinting 10-12 14-16 22-26
Middle-distance running 13-14 16-17 22-26
Long-distance running 14-16 17-20 25-28
High jump 12-14 16-18 22-25
Triple jump 12-14 17-19 23-26
Long jump 12-14 17-19 23-26
Throws 14-15 17-19 23-27
Badminton 10-12 14-16 20-25
Baseball 10-12 15-16 22-28
Basketball 10-12 14-16 22-28
Biathlon 10-12 16-17 23-26
Bobsled 12-14 17-18 22-26




Age to begin Age to start Age when highest

Sport training specialization performance is achieved
Boxing 13-15 16-17 22-26
Canoeing 12-14 15-17 22-26
Chess 7-8 12-15 23-35
Continental handball 10-12 14-16 22-26
Cycling 12-15 16-18 22-28
Diving

Women 6-8 9-11 14-18

Men 8-10 11-13 18-22
Equestrian 10-12 14-16 22-28
Fencing 10-12 14-16 20-25
Field hockey 11-13 14-16 20-25
Figure skating 7-9 11-13 18-25
Football 12-14 16-18 23-27
Gymnastics

Women 6-8 9-10 14-18

Men 8-9 14-15 22-25
Ice hockey 6-8 13-14 22-28
Judo 8-10 15-16 22-26
Modern pentathlon 11-13 14-16 21-25
Rowing 11-14 16-18 22-25
Rugby 13-14 16-17 22-26
Sailing 10-12 14-16 22-30
Shooting 12-15 17-18 24-30
Skiing

Alpine 7-8 12-14 18-25

Nordic 12-14 16-18 23-28

More than 30K = 17-19 24-28

Jumping 10-12 14-15 22-26
Speedskating 10-12 15-16 22-26
Soccer 10-12 14-16 22-26
Squash and handball 10-12 15-17 23-27
Swimming

Women 7-9 11-13 18-22

Men 7-8 13-15 20-24
Synchronized swimming 6-8 12-14 19-23
Table tennis 8-9 13-14 22-25
Tennis

Women 7-8 11-13 20-25

Men 7-8 12-14 22-27
Volleyball 10-12 15-16 22-26
Water polo 10-12 16-17 23-26
Weightlifting 14-15 17-18 23-27
Wrestling 11-13 17-19 24-27

Adapted from Stone, Stone, and Sands 2007 (91).

37



38 Periodization

between S and 9 (9, 12). During these early phases of training the coach should focus
on developing a physical literacy that includes basic skills such as running, jumping,
and throwing (9). It is important to develop these skills at the initiation of training
because young athletes seem to develop these abilities at a faster rate than more mature
athletes. Once the athlete develops the basics skills, he can begin some specialized
training for his chosen sport. This generally occurs between the ages of 10 and 14
(9). As stated previously multilateral training is the primary focus until around the
age of 14, after which more specialized training occurs.

INDIVIDUALIZATION

Individualization is one of the main requirements of contemporary training. Indi-
vidualization requires that the coach consider the athlete’s abilities, potential, and
learning characteristics and the demands of the athlete’s sport, regardless of the
performance level. Each athlete has physiological and psychological attributes that
need to be considered when developing a training plan.

Too often, coaches take an unscientific approach to training by literally following
training programs of successful athletes or sport programs with complete disregard
for the athlete’s training experience, abilities, and physiological makeup. Even worse,
some coaches take programs from elite athletes and apply them to junior athletes who
have not yet developed the physical literacy, physiological base, or psychological skills
needed to undertake these types of programs. Young athletes are not physiologically
or psychologically able to tolerate programs created for advanced athletes (26, 27, 39,
101). The coach needs to understand the athlete’s needs and develop training plans
that meet those needs. This can be accomplished by following some guidelines:

Plan According to Tolerance Level

The training plan must be based on a comprehensive analysis of the athlete’s physi-
ological and psychological parameters, which will give the coach insight into the
athlete’s work capacity. An individual’s training capacity can be determined by the
following factors:

* Biological and Chronological Age: The biological age of an athlete is considered
to be a more accurate indicator of the individual’s physical performance potential
than is her chronological age (25, 65). One of the best indicators of biological
age is sexual maturation (15, 38), because it indicates an increase in circulating
testosterone levels (65, 76). Athletes who are more physically mature, as indicated
by a higher biological age, appear to be stronger, faster, and better at team sports
than their peers who exhibit a lower biological age, even when chronological age
is the same (38, 65). In general children have a greater resistance to fatigue, which
may explain why they respond better to higher volumes of training (74). On the
other hand, older adults appear to exhibit a decreased motivation to train intensely
(93), an increased prevalence of injuries (55), and an increased occurrence of social
stressors (93), all of which may contribute to a decreased ability to tolerate intense
training. Most junior athletes tolerate high volumes of training with moderate
loads better than high-intensity or high-load training (27, 39, 74). The combination
of heavy loading and high volume is of concern with youth athletes because this
practice may increase the risk of musculoskeletal injuries (39).

* Training Age: Training age is defined as the number of years an individual
has been preparing for a sporting activity (12), and it is considerably different
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than the biological or chronological
age. Athletes with a high training age
have developed a substantial training
base and most likely will be able to
participate in a specialized training
plan, especially if their early training
was multilateral. An athlete who has a
high chronological age in conjunction
with a low training age may need more
multilateral and skill acquisition train-
ing, because he lacks the training base
to allow for a high degrees of specializa-
tion in his sport.

* Training History: The athlete’s
training history influences his work
capacity. An athlete who has under-
taken substantial multilateral training
is more likely to have developed the
fitness levels necessary to tolerate high
training loads compared with a less-
well-trained athlete (91).

* Health Status: An athlete who is
ill or injured will have a reduced work
capacity and often will not be able to
tolerate the prescribed training loads
(91). The type of illness or degree of
injury and the physiological base converge to determine the training load that
the athlete can tolerate (91). The coach must monitor the athlete’s health status
to determine an appropriate training load.

© Human

The age and skill level of an athlete, along with
other factors, must be taken into consideration
when planning training and practice sessions.

* Stress and the Recovery Rate: The ability to tolerate a training load is often
related to all of the stressors that the athlete encounters (91). Overall stressors are
considered additive, and factors that place a high demand on the athlete can alter
her ability to tolerate a training load (94). For example, heavy involvement in school,
work, or family activities can affect the athlete’s ability to tolerate a training load.
Travel to and from work, school, or training can further contribute to stress levels.
Coaches should consider these factors and adjust the trainingload accordingly. For
example, during times of high stress, such as academic examinations, a reduction
in training load may be warranted.

Individualize the Training Load

The ability to adapt to a training load depends on the individual’s capacity. As outlined
in the preceding section, many factors contribute to the individualized response to
training loads and progressions: the athlete’s training history, health status, life stress,
chronological age, biological age, and training age. Simply mimicking the training
plans of elite athletes will not result in high levels of performance (91). Rather, the
coach must address the athlete’s needs and capacities by developing an individual-
ized program, which requires detailed observations of the athlete’s technical and
tactical abilities, physical characteristics, strengths, and weaknesses. As discussed in
the section about developing a training model later in this chapter, periodic testing
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of the athlete will allow for more specific and individualized training plans to be
developed.Less individualization of the training plan may be needed with athletes
who are roughly at the same level of development and stage of training (91).

Account for Gender Differences

Gender differences can play an important role in performance and individualized
training adaptations. Prepubescent boys and girls are very similar in height, weight,
girth, bone width, and skinfold thickness (101). After the onset of puberty, boys and
girls begin to develop substantial differences in physical attributes. After puberty girls
tend to have higher levels of body fat, lower amounts of fat-free mass, and lighter total
body masses (101). From a performance perspective it is clear that men and women
differ in muscle mass and strength (29, 35, 54, 95), anaerobic power and capacity (36,
64), and maximal aerobic capacity and performance (3, 19, 20, 24, 82).

Some researchers suggest that gender differences are related to anatomical or
biomechanical factors (60, 66), whereas others suggest that training experiences and
access to specialized training partially explain gender differences in performance
(60). Support for the contention that training may partially explain the difference
between the genders has been offered by Kraemer and colleagues (57), who found
that differences in performance between men and women were substantially reduced
when appropriate training was undertaken by women.

Afterlooking at elite anaerobic performances (sprinting, swimming, and speedskat-
ing) from 1952 to 2006, Seiler and colleagues (81) reported that performance differ-
ences between males and females initially decreased, but more recently performances
differences between the genders have ceased to narrow. Cheuvront and colleagues (19)
discovered a similar trend in distance running performance when they compared
performance variables between men and women.

Women are able to tolerate extensive and intensive training regimes (17). In fact,
Cao (17) suggested that women are capable of handling higher volumes and intensi-
ties of resistance training than their male counterparts. However, caution should be
taken when examining these data because women do have specific areas that need to
be addressed. For example, women tend to be weaker in the upper body (17, 28) and
trunk musculature (17). The inclusion of more exercises to strengthen these areas in
female athletes may be warranted.

The performance responses of female athletes during the different phases of the
menstrual cycle appear to be very individualized (101). The scientific literature sug-
gests that in most situations, maximal and submaximal aerobic performance (53)
and anaerobic performance (14, 53) are not affected by the menstrual cycle. However,
the scientific literature suggests that temperature regulation is compromised during
the luteal phase as a result of an increase in core temperature (53). This may be an
important consideration for women who are exercising or training for extended
periods of time in hot and humid conditions.

Incorporate Training Variation

Variation is one of the key components needed to induce adaptations in response to
training. Skill acquisition and performance increase rapidly when novel tasks are
first undertaken, but the rate of skill acquisition slows with repetition of the same
training plan or loading paradigm over time (51). Stone and colleagues (87) suggested
thatalack of training variation can result in what is termed monotonous program
overtraining. This condition occurs if the same training stimulus is introduced
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regularly for long periods of time ultimately resulting in a reduction or plateau of
performance, which could be defined as a form of overtraining. In support of this
contention, O’Toole (70) suggested that the degree of monotony in the training plan
is significantly related to poor performance.

Periodization of training can decrease monotony or boredom in training and
ultimately induce greater physiological adaptations. Zatsiorsky (103) suggested that
periodization is a balancing act between training variation and stability (monotony
or repetition) of training. Thus variation of training is of paramount importance
when considering periodization (72, 83, 91). Optimal training adaptations occur in
response to a systematic variation in training load and content. If inadequate varia-
tion is provided and the program is monotonous, performance will not be optimized.
This happens when the nervous system is not overloaded sufficiently to stimulate
physiological adaptations (87, 91).

Variation can be incorporated into the training plan at many levels. For example,
variation at the microcycle level can be added by altering training volume, intensity,
frequency, and exercise selection. Stone and colleagues (91) suggested inducing varia-
tion in training through the introduction or reintroduction of novel or seminovel
tasks, that s, the periodic inclusion of specific exercises (table 2.2). This plan induces
greater adaptation because the tasks are removed from the training plan before com-
plete adaptation is achieved and replaced by a task that addresses similar biomotor
abilities. For example, to develop leg strength and power for volleyball, the athlete
can practice back squats during the preparatory phase of training but periodically
replace these exercises with 1/4 back squats to change the training stimulus while
still targeting the required movement patterns and muscle groups. During the pre-
competition or competitive phase of training, the emphasis may shift from strength
development to power-generating capacity. Therefore, the exercise program may shift
as follows:

Back squat = 1/4 back squat = speed squat = jump squat

Another example of this concept can be seen in the preparation of cyclists. During
the off-season, cyclists typically undertake training modalities such as cross-country
skiing to maintain aerobic fitness and then return to training on the bike during the
preparatory phase of training. The introduction-reintroduction paradigm suggests
that returning to bicycle training would rapidly increase cycling ability because the
task is seminovel when reintroduced.

Table 2.2 Resistance Training Exercise Variation Via Introduction and
Reintroduction

Block 1 Block 2
1/3 1/3 1/3 1/3
Back squat | Back squat Back squat Back squat | squat squat squat squat
E . One-leg 1/4 front 1/4 front One-leg Speed | Jump Jump Speed
xercise
squat squat squat squat squat squat squat squat
Front squat | Overhead Overhead Front squat
squat squat
Week 1 2 3 4 5 6 7 8

Adapted from Stone, Stone, and Sands 2007 (91).
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Changing the intensity of a training load is one way to add variation to a training plan and thus
achieve greater physiological adaptations.

Training variation can be introduced within or between microcycles. For example,
on some days of the microcycle the athlete trains multiple times per day but on other
days undertakes only one training session.

Multiple training sessions in the same training day have been shown to induce
greater physiological adaptations than only one session per day (41). However, reduc-
ing the training density during the day can facilitate recovery, which may allow the
athlete to train harder on subsequent days or microcycles.

Another way to vary the training plan is to systematically alternate the intensity of
training. Alternating training intensity across the microcycle will allow for periods of
stimulation and recovery, which have been suggested to induce greater physiological
adaptations (91). Interestingly, alternating hard and light training sessions within the
microcycle has been used to prepare endurance athletes (70) and strength and power
athletes (91). Another variation strategy is to alternate both training intensity and
training frequency. For example, when manipulating the training intensity within
an individual training day, a morning session may occur at a high training intensity
and the subsequent afternoon session may be performed at a lower intensity. On the
next training day the number of sessions may be decreased to facilitate recovery or
increased to increase the training stimulus.

Training variation is limited only by the coach’s ability to apply scientific principles
in a creative fashion. The implementation of training variation should be based on
a complete understanding of the bioenergetics of the sport (28, 71, 91), movement
patterns used in the sport (28), skills needed in the sport, and the athlete’s level of
development or training age (91). Advanced athletes will require more training varia-
tion than novice athletes, who have a very small training base. Novice athletes can
achieve very good results with basic training models even though there is significantly
less variation in the training plan.

© Human Kinetics
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DEVELOPMENT OF THE TRAINING MODEL

Training models, although not always well organized and often applied randomly,
have been used since the 1960s (11). Although many Eastern European sport special-
ists acquired knowledge and experience in the use of training models, a general trend
toward the use of these tools did not occur throughout the world until the 1970s
(10, 16).

Itis well documented that training and performance are highly related but are very
individualized (5, 49). The development of a training model centers on the notion
of training specificity and individualization of training programs (11, 49, 75, 92).
Training models that allow for implementation, analysis, assessment, and modifica-
tion of the training plan based on physiological and performance parameters are of
particular use in the development of athletes (92).

The development of a training model is a long-term process that is in continual
flux, because the training model will evolve in conjunction with the athlete’s develop-
ment. The development of a model is alabor-intensive process that relies on previous
models, current athlete evaluations, and a strong scientific foundation. Although the
process is time consuming, the time is well spent because the better the training model,
the more likely the athlete is to achieve a high level of performance. The model must
be continually evaluated and modified in response to new scientific knowledge, the
athlete’s level of development, and assessments of the athlete’s progress. A theoretical
method for developing a training model is presented in figure 2.3.

The development of a training model begins with a detailed analysis of the scientific
literature regarding the sport. Understanding the physiological (e.g., bioenergetics)
(75), morphological (37), anatomical, biomotor (56), and psychological characteristics
(77) associated with a sport lays the foundation for the second phase of developing
a training model. The second phase requires the development of a targeted testing
program that can be used to analyze the athlete’s training state. For example, the
scientific literature on throwing indicates that maximal strength and explosive power
are related to high levels of performance (90). Therefore, physiological tests should
be developed and implemented to evaluate the athlete’s force-generating capacity
(peak force-generating capacity, rate of force development, maximal strength) and
explosive strength (peak power assessments, power snatch 1RM, power clean 1RM).
The athlete’s tactical and technical skills must also be evaluated to delineate areas
of weakness to be addressed by the training model. Tests should be developed that
evaluate the athlete for areas of physical deficit or injury risk (e.g., range of motion,
muscle imbalances). Other areas that can be evaluated include psychological traits
(e.g., mood state), sleep status (e.g., quality of sleep), and nutritional practices. Finally,
the athlete’s training logs and competitive performance results should be evaluated
to determine what was effective in the previous training model.

Once the evaluation of the athlete is completed, the coach interprets all the data
that are collected. The training model is designed to target the athlete’s needs to
enhance the likelihood of a high level of performance. In this phase of the model
major training factors are established. These factors include the loading progres-
sion, training intensity, volume of training, frequency of training, and the number
of repetitions necessary to stimulate the appropriate physiological and psychologi-
cal adaptations. Additionally, the tactical, technical, and strategic components of
training model are established and integrated into the training model. The training
model is very specific to the individual or team because the results of testing help
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Observe and analyze
scientific literature

Formulate testing battery and
observation plan

l

> Evaluate athlete

Interpret training and
testing data

l

Develop training model

l

Implement training model —~4——m—— Modify training model

l T

Maladaptation e
Monitor training model —— » Reevaluate training model

No maladaptation

Test model in competitions

Use athlete’s results to
validate the model

Figure 2.3 Sequence of developing a training model.

the coach establish training parameters. After the training model is developed, it is
then implemented.

During the implementation phase, the athlete must be continually monitored so
the coach can detect any maladaptations. A comprehensive monitoring plan includes
periodic evaluation of physiological attributes (i.e., physiological testing similar to
that conducted during the evaluation phase of model development), training log data,
psychological status, nutritional status, and technical skill development. If during
this phase the coach questions the effectiveness of the training model, it should be
reevaluated and modified to ensure that performance goals are reached.

The primary test of the effectiveness of the training model is the athlete’s competi-
tive results. If the athlete achieves success in competition, the training model is con-
sidered validated. After the completion of the competitive period, specifically during
the transition phase, the model continues to evolve as the athlete is reevaluated. This
reevaluation includes a critical and comprehensive examination of the past training
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year to determine whether training goals, objectives, and performance standards were
achieved. All of the testing conducted throughout the training year is evaluated to
determine whether trends occurred that either increased or decreased performance.
How well the athlete coped with training and competitive stress should be evaluated
to determine whether improvement in this area is needed. After conducting this evalu-
ation, the coach decides whether to use a new model for the next annual plan.

LOAD PROGRESSION

The performance results of athletes have increased during the last 50 years (80). There
are many reasons for these elevations in performance, but clearly the ability to tolerate
higher trainingloadsis at the center of this phenomenon. Support for this contention
is shown by the increase in training loads seen between 1975 and 2000 (table 2.3).

Improvements in performance are a direct result of the amount and quality of
work the athlete achieves during training. From beginners to elite athletes, the train-
ing workload must increase gradually and be varied periodically according to each
athlete’s physiological capacity, psychological abilities, and work tolerance.

The training load can be thought of as a combination of intensity, duration, and
frequency of training (84). The training load is determined by the degree of specific-
ity of training and the performance development status of the athlete (83). There is a
complex interaction between the athlete’s fitness, the training load, and the athlete’s
ability to tolerate training (84).

The application of a training load results in a cascade of physiological responses
thatallow the athlete to adapt to the training stimulus, which elevates his fitness level
and leads to a greater tolerance for training and an increase in performance capacity
(84, 104). As the athlete adapts to the training load, it must increase for continued
physiological adaptations to occur.

Training loads can be roughly classified as stimulating, retaining, or detraining
(103, 104). A stimulating load is a training load thatis heavier than the athlete’s typi-
cal training load. Conversely, a detraining load is substantially lighter than usual.
A detraining load ultimately results in a loss of fitness and a loss of performance
capacity. In between these two loading classifications is the retaining load, which
is the athlete’s typical workload; the retaining load allows the athlete to maintain
fitness while undergoing recovery. As the athlete adapts to a stimulating load, that
load becomes the retaining load and the previous retaining load becomes a detraining

Table 2.3 Dynamics of Volume of Training From 1975 to 2000

YEAR
Sport Training volume 1975 1985 2000
Gymnastics (women) | Elements per week 3,450 6,000 5-6,000
Routines per week 86 86 150

Rowing (women) Kilometers per year 4,500 6,800 6,500-7,000
Fencing Training hours per year | 980 1,150 1,100-1,200
Football (soccer) Training hours per year | 460 560 500-600
Swimming (100 m) Training hours per year | 980 1,070 1,000-1,040
Boxing Training hours per year | 960 1,040 1,000-1,100
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load. Thus, the loading classification is a fluid concept that changes as the athlete
adapts, so the coach must pay attention to the sequence of the training loads in the
periodized training plan.

A correctly sequenced training load will be increased gradually, ultimately resulting
inanincrease in performance capacity (84). If, however, the training load is suddenly
and dramatically increased, it will take more time for the physiological adaptations to
occur and performance gains to be realized (91, 97, 103, 104). The time frame needed
for recovery and adaptation is directly proportional to the magnitude of the sudden
increase in training load (91).

The gradual, systematic manipulation of the training load is the basis for peri-
odization of training and is found at all levels of the training plan, from the micro-
cycle to the Olympic cycle, in all levels of athletes. The appropriate sequencing of the
training load is directly related to the athlete’s performance improvements. Loading
paradigms vary among different sports and geographical regions of the world. A brief
examination of several loading theories is presented next.

Standard Loading

Standard loading involves the use of similar training loads and densities throughout
the preparatory phase of training. When standard loading is used regularly during
the preparatory phase, performance improvements occur only during the early part
of this phase.

As the athlete shifts from the preparatory phase of training to the competitive
phase, the training stimulus remains very similar with the exception of a reduction
in training load. If standard loading is implemented in this fashion, performance
plateaus during the competitive phase (see figure 1.4). This plateau in performance
occurs as a result of a lack of variation in the training load. If suboptimal training
loads are used during the competition phase, performance will most likely deteriorate,
especially during the later part of this phase (52).

Because performance improves only during the early portion of the preparatory
phase, training load must be increased each training year. Contemporary training
theorists suggest that this type of loading is suboptimal in almost all situations and
that strategies using step loading, summated microcycles, or conjugated sequencing
may result in greater performance enhancements in the long term (72). Therefore, to
optimize performance adaptations in response to the training load, the load must be
increased from year to year to create the stimulus necessary for superior physiological
adaptations. These enhancements will occur only if the training plan is sequenced
appropriately and includes adequate periods of recovery.

Linear Loading

The linear loading of training is a concept that appears to violate many of the tenets
of periodization (72, 91); however, this type of loading paradigm is very popular.
According to the original proponents of this principle (50, 59), performance will
increase only if the athlete trains at her maximal capacity against workloads thatare
gradually increased and are progressively higher than those normally encountered
(8,72, 73). Conceptually, this would lead to a loading curve that depicts a continual
increase across time (figure 2.4). Although the literature has clearly demonstrated
that the training load should be increased across the training cycle or the athlete’s
career (89, 104), this method of loading may only be useful during a short period
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of time (23, 31, 32, 34, 45), and periods of
recovery are needed to maximize adaptive
responses. If linear loading is undertaken
for a long period of time, overtraining
likely will result. If overtraining does occur,
the athlete will exhibit physiological and
psychological maladaptations, a decrease
in markers of performance, and a high
level of fatigue (70). Thus, linear loading
in its purest sense is not an optimal way
to train, except when implemented for
short periods of time, because it does not
allow enough time for recovery, and the
potential for burnout and injury increases
incrementally.
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Training days
Figure 2.4 Load increments according to the
overload principle.

Based on data from Hellebrandt and Houtz 1956 (50) and
from Fox et al. 1989.

Step Loading

Fatigue

The step loading model of training allows for
a progressive overload that is interspersed with
periods of unloading and is sometimes referred
to asa traditional or classic periodization model
(62, 63, 72). The use of unloading phases or
retaining loads allows for regeneration, greater
physiological adaptations, and periods of psy-
chological restoration. With the step loading
paradigm (figure 2.5), a wavelike increase in
training load occurs (89, 91, 98, 104). Because
one training session is insufficient to provoke
noticeable physiological or psychological adap-
tations, it is often recommended that the same
training load be repeated over several training
sessions. One common practice is to plan train-
ing sessions with the same characteristics foran
entire microcycle and then increase the training
load in subsequent microcycles (figure 2.5). This type of loading uses a 3:1 loading
paradigm, in which the training load is increased across three microcycles and then
is reduced during the fourth microcycle to allow recovery and avoid the problems
typically associated with overloading.

Figure 2.5 illustrates a classic 3:1 loading paradigm. There is much evidence to sup-
port using a 4-week block of training (63, 72, 91) or a 2- to 6-week (usually 4 weeks)
block of training (98, 103, 104). The load increases gradually in the first three micro-
cycles as does the amount of accumulated fatigue, followed by an unloading phase
thatentailsa decrease in training load and fatigue as depicted in the fourth microcycle
in figure 2.5. This reduction in training load reduces fatigue, increases preparedness,
and induces a series of physiological adaptations that prepare the athlete for further
loading in the next series of microcycles (91). The greater the number of progressive
loading steps, the longer the period of unloading needed. For example, Nadori and
Granek (69) demonstrated a 4:2 paradigm approach to applying the training load
where 4 weeks of increasing loads are followed by 2 unloading weeks to promote

O Workload microcycle
B Restitution microcycle

Training load

1 2 3
Microcycle

Figure 2.5 A 3:1 loading paradigm.
Adapted from Stone, Stone, and Sands 2007 (91).
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Training load

Figure 2.7 A 2:1 loading paradigm.

Fatigue

O Workload microcycle
B Restitution microcycle

Training load

1 2 3 4
Microcycle

Figure 2.6 A 4:2 loading paradigm.

Based on Nadori and Granek 1989 (69) and Plisk and Stone 2003 (72).

[0 Workload microcycle restoration, reduce fatigue, and increase prepared-
B Restitution microcycle  ness (figure 2.6). In some situations it might be
warranted to use only a few increasing steps. For

example, a young athlete might usea 2:1 paradigm,

with two microcycles of increasing training load

followed by one microcycle of recovery (figure 2.7).

Several authors suggest that the step loading

paradigm has some potential flaws especially when

Fatigue

the same pattern of loading is used on each day of
the microcycle (72, 91). These authors suggest that
only 1 week of novel stimulus is presented during

> a 3-4 week series of microcycles, or training block,
Microcycle while the block itself offers a flat loading (e.g., 3-4
weeks of strength endurance training in resistance
training), which can result in training monotony
because of the lack of intermicrocycle variation (72). Conversely, step loading results
in an intensification of workload with each progressive step, which develops a base
for the next training block. This type of loading is excellent for novice athletes or
those who are unaccustomed to high training intensities (72). To obviate some of
the flaws associated with classic step loading paradigms, it has been suggested that
more drastic intermicrocycle variations be implemented to promote a greater adap-
tive stimulus (72, 91) (figure 2.8). Scientific support for including more microcycle
variations and periodically including submaximal training can be found in both
human (30) and animal (13) studies. This literature suggests that the periodic inclu-
sion of light training days results in a greater potential for adaptive responses, which
ultimately will increase performance.

Another variation of the step loading paradigm is the summated microcyle (72,
91). In this paradigm each microcycle or week of the block of training is allocated to
a performance attribute (e.g., strength endurance, maximal strength, speed strength).
Across the first 3 weeks of each block of training, the volume or intensity of training
is increased, with a decrease in the training load occurring during the fourth week
before the initiation of the next block of training (figure 2.9). This model appears to
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Figure 2.8 An example of intermicrocycle variation across a block of training.
White Bars = training load; Black Bars = rest
Based on Nadori and Granek 1989 (69) and Plisk and Stone 2003 (72).

Workload

1 2 83 4|1 2 3 4
Week

Figure 2.9 Loading paradigm for a summated microcycle model.

This depiction of a summated microcycle utilizes a 3:1 loading paradigm, with the highest level of fatigue in week 3. There is a
pattern of loading, with week 1 representing strength-endurance, week 2 representing maximum strength, week 3 representing
speed strength, and week 4 representing restoration training. The training stimuli are reintroduced in a cyclic pattern, allowing
a specific stimulus to be reintroduced at regular intervals.

Based on Plisk and Stone 2003 (72) and Stone, Stone and Sands 2007 (91).

allow for the primary training stimulus to be reintroduced in a regular cyclic pat-
tern (72). Proponents of this paradigm suggest that the cyclic loading pattern noted
in the summated strategy allows for a large amount of contrast between each of the
microcycles while decreasing the potential for overtraining or involution problems.
The model has been suggested to result in a convergence of training effects, which
may increase adaptation over the long term (72, 91). Furthermore, as with the basic
step loading paradigm discussed earlier, the summated microcycle model can include
daily variations in loading that may magnify the training stimulus and allow for
further adaptations to occur. This modification to the step loading paradigm usually
is best implemented with intermediate and advanced athletes (72).

Concentrated Loading

Short-term overloading is often classified as concentrated loading (91) or overreach-
ing (61). The athlete usually can recover from this type of loading in a short period
of time if she uses appropriate recovery loads (45). As a general rule, the greater the
magnitude and duration of the concentrated loading phase, the more time needed
for fatigue to dissipate and performance to improve (83, 91, 103, 104). Siff and Verk-
hoshansky (83) suggested that performance gains may occur 4 to 12 weeks after the
cessation of the concentrated loading phase (figure 2.10).
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[ Concentrated loading block
1 Normal training load
1 Taper
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Starting strength

Training load

Explosive strength

Absolute strength

Training load

Figure 2.10 Time to adapt to concentrated loading.
Based upon Plisk and Stone 2003 (72) and Stone, Stone, and Sands 2007 (91).

Scientific support for the use of periodic concentrated loading or planned over-
reaching can be seen in studies that have explored the neuroendocrine responses to
overreaching (40, 42, 44). Investigators have explored the hormonal and endocrine
responses to short (1 week) and long (>3 weeks) periods of concentrated loading fol-
lowed by 2 to 5 weeks of recovery. The most commonly used endocrine measure is
the testosterone/cortisol ratio (T:C ratio), which indicates the anabolic-catabolic
balance. Although the T:C ratio is not a measure of overtraining, it does indicate
preparedness (72, 91, 99). Thus, a high T:C ratio often corresponds to a high level
of performance (33, 72).

A significant increase in training load for 3 weeks or longer results in a decrease
in the basal or preexercise T:C ratio, indicating a shift toward a catabolic state that
corresponds to a reduction in performance or preparedness (40, 42, 44). Conversely,
if after the completion of a concentrated loading period the training load is returned
to normal or lower levels, the T:C ratio and performance appear to supercompensate
(40,43). This phenomenon has also been observed in response to substantial increases
in training load across one microcycle (33, 86, 99). As noted previously, the duration
of the concentrated loading block corresponds to the duration of restitution needed
before the supercompensation of performance occurs (figure 2.10).

Conjugated Sequence Loading Paradigm

The conjugated sequence paradigm is also referred to as the coupled successive system
(96). Viru (98), Siff and Verkhoshansky (83), and Plisk and Stone (72) suggested that
this method of sequencing loading allows for periods of concentrated loading or
overreaching followed by periods of restitution. There are a multitude of methods
for implementing this type of loading paradigm, but the most common method is to
use blocks of four microcycles in which one primary emphasis is highlighted while
maintenance loads are allocated to other areas of emphasis (72). Plisk and Stone (72)
suggested that the primary goal of this type of loading is to give the athlete periods
that are saturated with a specific training stimulus during which fatigue is elevated
and some performance variables are decreased. For example, an athlete may undertake
a concentrated loading block in which strength is the major emphasis; then during
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the unloading blocks, the athlete decreases her emphasis on strength while slightly
increasing speed work. This pattern of loading will result in a supercompensation
effect in which performance is increased dramatically (72). After completing this
block, the athlete undertakes a block that imposes a progressively stronger stimulus,
thus allowing the athlete to improve her performance.

The literature notes several advantages to this type of loading paradigm (72, 78, 83,
86, 94, 96-98, 100, 103). Proponents of this loading paradigm suggest that a potent
stimulus can be delivered to the athlete and performance can be elevated to a higher
level than with traditional loading paradigms. Additionally, this type of loading may
alleviate the cumulative fatigue associated with parallel or concurrent training with
traditional loading paradigms. Finally, work volumes can be reduced over the long
term (72). Plisk and Stone (72) suggested that fatigue will be substantial during the
accumulation or concentrated loading phase of the block, and the athlete must have
the training capacity to tolerate these high training loads. Therefore, it is often recom-
mended that this loading paradigm be used only with advanced athletes (72, 91).

A foundational concept that must be considered within the conjugated sequenc-
ing theory is that training can be sequenced in such a way that performance can be
elevated at given times. Plisk and Stone (72), in their seminal article on periodiza-
tion strategies, offered a preseason training example in which concentrated loading
blocks of training are interspersed with periods of restitution. In this example, 3-week
blocks of concentrated loading are interspersed with 4-week blocks of recovery (table
2.4). Plisk and Stone (72) suggested that by manipulating the training density and
duration significantly, different training loads can be used without changing the

Table 2.4 Conjugated Sequence Model of Training and a Modified Conjugated
Sequence Model of Training for the Preseason

BLOCK OF TRAINING

Training Conjugated loading Conjugated loading

variable block 1 Recovery block 1 block 2 Recovery block 2
CONJUGATED SEQUENCE MODEL OF TRAINING

Duration 4 weeks 3 weeks 4 weeks 3 weeks

Strength and
power training

12 total sessions

4 days/week

12 total sessions

3 days/week

12 total sessions

4 days/week

12 total sessions

3 days/week

Speed, 6 total sessions 12 total sessions 6 total sessions 12 total sessions
ag'“tY’. an.d 2 days/week 3 days/week 2 days/week 3 days/week
conditioning
training

MODIFIED CONJUGATED SEQUENCE CREATING MORE INTRABLOCK CONTRAST
Duration 4 weeks 3 weeks 4 weeks 3 weeks

Strength and
power training

Speed,
agility, and
conditioning
training

12 total sessions
4 days/week
6 total sessions

2 days/week

8 total sessions
2 days/week
12 total sessions

3 days/week

12 total sessions
4 days/week
6 total sessions

2 days/week

8 total sessions
2 days/week
12 total sessions

3 days/week

Adapted from Plisk and Stone 2003 (72).
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basic intensity and volume parameters. Additionally, these investigators suggested
that the coach or athlete can create greater contrast between concentrated loading
blocks and restitution blocks by further reducing the distribution of training during
the restitution blocks.

Flat Loading

Aflatloading paradigm is used only with advanced, experienced, highly trained ath-
letes. In this model, microcycles with similar loading are blocked together followed by
recovery microcycle. In the flatloading model (figure 2.11), the first three microcycles
create a high physiological demand as a result of the high volume and intensity of
training. After the first three microcycles, the athlete undertakes a fourth microcycle,
or an unloading period. The length of the unloading period will be dependent upon
the overall training load. Note that after weeks 9-11, the highest training loads in the
example , there is a 2 week unloading period (weeks 12-13). Stone and O’Bryant (88)
suggested that advanced athletes can tolerate this type of loading only if they have
trained for many years and have developed a physiological base that allows them to
train with such high volumes and intensities.

The flat loading model is suggested for the middle part of the preparatory (pre-
season) phase only. The step loading model can be used in conjunction with the flat
loading model to progressively increase the athlete’s training load. Figure 2.12 shows
a preparatory phase of training in which the training load changes according to the
scope of the phase of training. The program shown in figure 2.12 has three major
subphases: general, specific, and precompetitive preparation.

In the general preparation subphase, two types of step loading (3:1 and 2:1) are
used to stimulate physiological and psychological adaptations that will prepare the
athlete for the next subphase, which entails intensive training. The training goals
of general preparation are accomplished through a progressive increase in training
load via the use of the step loading model. After completing the general preparation
subphase, the athlete moves to the specific preparation, or accumulation, subphase
of training.

[ workload microcycle
[ Restitution microcycle

Training load

1 2 3 4 5 6 7 8 9 10 1 12 13
Weeks

Figure 2.11 Example of a flat loading model.
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Phase | Preparatory
Subphase General preparation Specific Precompetitive
Scope Adaptation Accumulation Stabilization and peak
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Week
—1 Workload microcycle
B Restitution microcycle
Figure 2.12 Implementation of the flat loading model into a preparatory phase of training.

In the specific or accumulation subphase, the primary goal is to elevate the athlete’s
fitness, technical proficiency, and tactical skills as much as possible. This is accom-
plished by exposing the athlete to high training loads for a series of microcycles fol-
lowed by regenerative microcycles to offset overtraining. After the completion of this
subphase, the focus of training shifts to stabilization and peaking, which comprise
the precompetitive subphase. Thus, the three subphases of the preparatory phase
prepare the athlete for the competitive phase of the annual training plan.

The dynamics of the loading pattern in the preparatory and competitive phases
of training depend on the importance and frequency of competitions. The train-
ing loads in these phases are decreased to dissipate fatigue and begin to elevate the
athlete’s level of performance. Recent research suggests that higher intensities with
less volume may be needed to maintain performance during the competitive phase
of training (52). However, prior to major competitions, the training load will be
decreased to allow the athlete to recover and, if timed correctly, supercompensate,

which will maximize performance.

SEQUENCE OF THE TRAINING LOAD

One of the most important aspects of periodization of training is the sequencing
of the training load. If sequenced appropriately, each block of training or phase will
potentiate the next training phase. For example, research evidence supporting the
idea of phase potentiation has been demonstrated for strength and power develop-
ment (47). Harris and colleagues (47) demonstrated that optimal strength and power
performance gains occur when basic strength development precedes the development
of strength and power characteristics. Siff and Verkoshansky (83) suggested that
the optimal development of medium-duration endurance for a cyclic sport occurs
by sequencing training in the following fashion: general physical preparation =
strength = speed = endurance (figure 2.13). As noted in figure 2.13, during the early
portion of the training cycle, the athlete will undertake a large amount of aerobic
training coupled with training to develop general physical attributes. After the first
block of training, a block of concentrated strength development is undertaken. After
completing this period of concentrated loading, the athlete shifts emphasis to speed
development, with a subsequent decrease in strength development in conjunction
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Fitness or preparedness

Aerobic training

Relative training load

GPP

Time

Figure 2.13 Sequential model for developing medium-duration endurance.

Aerobic training comprises approximately the first half of the cycle. In this example, general physical
preparation (GPP) precedes a concentrated strength loading phase. This model uses the delayed
training adaptations effect while developing speed during the third block of training. The final block is
the endurance block, which is marked by specialized training for speed endurance, which specifically
targets the competition.

Adapted, by permission, from M.C. Siff, 2003, Supertraining (Denver, CO: Supertraining International).

with a decrease in aerobic training. The collective effect of this shift in the training
emphasis is a decrease in overall training stress, which allows for recovery to capitalize
on the delayed training adaptations associated with concentrated loading. Finally,
the athlete begins developing specialized endurance in the final block of training;
this is often accomplished through competition (83).

There are endless ways to integrate the loading paradigms discussed in this chapter.
For example, Stone and colleagues (91) and Plisk and Stone (72) provided a compos-
ite of different loading paradigms that together lead to the development of power
(figure 2.14). In this example, the first block of training contains four microcycles that
follow a 3:1 step loading model designed to emphasize strength endurance. Because
the overall training load is very high in this block, fatigue will also be very high and
thus this block is a concentrated loading block. The next block of training involves an
overall decrease in training volume to capitalize on delayed training adaptations (83).
This is accomplished by using the classic 3:1 loading paradigm and shifting training
emphasis from strength endurance to the development of strength. The next three
blocks of training shift emphasis to explosive strength and power development. Each
block begins with a 1-week microcycle that consists of a high training volume and
is then followed by two microcycles with a normal training load and one unloading
microcycle. The format of this block of training is repeated two times with an increase
in the overall training load in each block. To maximize the training responses, a sum-
mated microcycle model is used across all three of these blocks of training.

When choosing how to integrate the different loading models presented in this
chapter, the coach must consider the training status of the athlete, the goals of the
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Three 4-week blocks with
a power development emphasis

— Workload

4-week concentrated microcycle

loading block
(3:1 loading paradigm)

4-week restitution
block

Overreaching
Overreaching
Overreaching

mmm Restitution
microcycle

Training load

1121314151617 1819 110111 112113114 115116 117 118 119 120
Week

Figure 2.14 Example of the integration of multiple loading paradigms into a training cycle designed
to emphasize power.
Adapted from Stone, Stone, and Sands 2007 (91) and Plisk and Stone 2003 (72).

training plan, the recovery interventions available to the athlete, the amount of time
the athlete can dedicate to training, and the physiological responses to different
loading models presented in the scientific literature. By using the scientific informa-
tion available, the coach will be able to match the different loading models to the
needs of the athlete, which will optimize training adaptations and lead to improved
performance.

SUMMARY OF MAJOR CONCEPTS

Athletes must establish a strong multilateral development before specializing in a
sport. If specialization occurs too soon in an athlete’s development, it is likely that
the athlete will achieve high levels of performance only during the junior years and
will experience burnout soon after. The incorporation of a multilateral training
base is especially important for young athletes. As the athlete matures, specialized
training becomes more important. Such training will be dominated by drills and
techniques that will lead to a faster rate of adaptations and ultimately to greater
levels of performance.

A key to performance improvement is the planning of load progression. With
young athletes, simple loading patterns with small amounts of variation can be very
effective. However, advanced athletes require greater amounts of variation and more
complex loading paradigms. Regardless of the athlete’s level of development, regen-
eration and recovery must be included in the training program. Periods of recovery
are essential to remove training-induced fatigue, replenish energy stores, and provide
time for physiological and psychological adaptations to occur.
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CHAPTER

PREPARATION
FOR TRAINING

Il athletic programs should address the physical, technical, tactical, psycho-
Alogical, and theoretical aspects of training. These factors are essential to any

training program regardless of the athlete’s chronological age, individual
potential, level of athletic development, training age, or phase of training. However,
the emphasis placed on each factor varies according to the time of year, the athlete’s
training age, the athlete’s biological age, and the sport being trained for. Although
training factors are highly interdependent, there is a specific manner in which each
is developed. Physical training is the foundation on which all of the other factors
related to training are developed (figure 3.1). The stronger the physical foundation, the
greater the potential for developing technical, tactical, and psychological attributes.

Psychological
and mental
training

/ Tactical training \
/ Technical training \
/ Physical training \

Figure 3.1 Training factors pyramid.
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interdependent parts:

Coaches, especially coaches of team sports, often overlook the strong relationship
between physical and technical training. If the physical training base is inadequately
developed, high levels of fatigue can be generated and the athlete will be unable to
develop the other training factors. This often occurs when the preparatory phase
(e.g., the preseason) is too short and the appropriate physiological adaptations are not
developed. When this happens, the ability to effectively develop tactical, technical,
and psychological skills is impaired, which increases the risk of poor performances
during competition. One can consider physical training the foundation for the
development of technique, whereas technique is central to the ability to develop and
use tactical skills in sport. Additionally, as one’s physical capacity improves, techni-
cal and tactical capacities improve as well, which will increase self-confidence and
other psychological factors. Thus, physical training capacity is a cornerstone from
which all training-related factors are developed, ultimately leading to the ability to
excel in sport.

PHYSICAL TRAINING

The physiological attributes necessary for sporting success are developed through
appropriate physical training (31, 41). These physiological adaptations are the basis
from which technical and tactical advances are established. Without the development
of physical abilities, the athlete’s capacity to tolerate training will be significantly
impaired, resulting in an inability to develop the technical and tactical attributes
necessary for sporting success. Impairments in technical and tactical development
usually occur as a result of accumulated fatigue, which is easily avoided through
development of the appropriate physiological base via structured physical training.
These concepts are among the best-kept secrets of the Eastern European training
system.
Physical training has two main goals: The first is to increase the athlete’s physi-
ological potential, and the second is to maximize sport-specific biomotor abilities.
In a periodized training plan, physical training is developed in a structured, sequen-
tial pattern (figure 3.2) (27, 30, 31, 38, 41). Physical training can be broken into two

* General physical training (GPT)

* Sport-Specific physical training (SSPT)

Phase of training

Preparatory phase

Competitive phase

Phase of development 1 2 3
Duration (weeks) >3 >6 >4
Objective 1. Undertake 1. Undertake sport-specific | 1. Perfect specific
general physical physical training sport skills
training 2. Perfect specific sport (biomotor abilities)
skills (biomotor abilities) | 2.Maintain

physiological base

Figure 3.2 A sequential approach to the development of physical training during an
annual plan.
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General physical training (GPT) and sport-specific physical training (SSPT) are
developed during the preparatory phase of the periodized training plan. During the
early part of the preparatory phase GPT is the primary emphasis, and as the athlete
moves through this phase of training the emphasis shifts to SSPT. Thus GPT pre-
dominates during the early parts of the preparatory phase, whereas SSPT is dominant
at the end of this phase.

GPT begins at the initiation of the preparatory phase, where the scope of training
is to build a solid physiological foundation. This solid foundation is established via
the use of high volumes of training performed at moderate intensities. The amount
of time dedicated to GPT depends on many factors such as the athlete’s training age,
the athlete’s needs, and the sport being trained for. The physiological adaptations
established with GPT enable the athlete to tolerate the training loads encountered
during SSPT.

As SSPT becomes more dominant training intensity increases, depending on the
requirements of the sport. In some cases, especially at the professional level, when the
preparatory phase is very short (e.g., soccer in Europe), certain elements of intensity
may be emphasized during the early parts of the preparatory phase. The SSPT period
builds on the physiological base established during GPT and prepares the athlete for
the competitive phase of the training plan. Nadori and Granek (31) suggested that
SSPT is a transition between GPT and the competitive phase of training. During
the competitive period, the minimum objective of physical training is to maintain
sport-specific physical development established during the preparatory phase of
training (31). However, in some instances it may be possible to improve sport-specific
physical development during this phase. Conversely, if training and competition are
not sequenced appropriately and adequate recovery does not occur, sport-specific
physical development will begin to deteriorate (31, 34, 45).

General Physical Training

The ultimate goal of GPT is to improve the athlete’s working capacity and maximize
physiological adaptations to prepare the athlete for future workloads. This phase of
training targets the development of every component of physical fitness to increase
work capacity (31). The higher the work capacity developed by the athlete during GPT,
the greater her potential to adapt to the increasing physiological and psychological
demands of training and competition. As stated in chapter 2, the physical develop-
ment of young athletes predominantly focuses on multilateral development, which
is accomplished through GPT. GPT for young athletes is rather uniform regardless
of the sports being targeted in the training plan. Conversely, with advanced athletes
the requirements of the sport must be addressed during GPT.

Sport-Specific Physical Training

SSPT is based on the foundation established during GPT. SSPT serves as a transition
from GPT to the competitive phase (31). In this capacity, SSPT further develops the
athlete’s physical capacity in a fashion that is very specific to the demands of the sport.
Targeting physiological adaptations that correspond to a specific sporting activity
is of paramount importance when attempting to maximize competitive success (42,
45). If SSPT is sequenced and planned appropriately, the resultant physiological
adaptations will increase the athlete’s work capacity, which ultimately will result
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in higher levels of competitive performance. Well-planned SSPT will enhance the
athlete’s ability to recover from and adapt to the training load, which will ultimately
enhance her performance capacity.

GPT and SSPT should be clearly differentiated, because the incorrect imple-
mentation of either type of training can result in inappropriate adaptations, which
ultimately will decrease competitive performance. One example of an incorrect
understanding of GPT and SSPT can be seen regarding the concept of endurance. The
scientific literature indicates that different types of endurance are needed depending
on the physiological demands of the sport (9, 45). A common misconception held by
coachesis that aerobic exercise, resulting in what has been termed low-intensity exer-
cise endurance (LIEE), is important for all sports (44). Although aerobic training is
a great way to improve LIEE or aerobic fitness, it generally compromises an athlete’s
ability to produce high forces or power outputs in a repetitive fashion, an ability
required in most high-speed or strength and power-based sports (9, 44). These types
of sports require a type of endurance that has been termed high-intensity exercise
endurance (HIEE) (44). HIEE requires the athlete to sustain or repeat high-intensity
exercise with exercise durations of less than 2 min (44). Therefore, for certain sports
the athlete must develop appropriate endurance to maximize performance. HIEE
can be developed through the performance of repeated sprints (4), sprint interval
training (6, 7), and resistance training (36). Recently it has been shown that interval
training has the potential to improve LIEE (6, 7, 19, 25) without compromising HIEE.

During the preparation phase, SSPT includes higher volumes of sprint or interval
training and tactical drills that are specific to the sport. One strategy is to create
scenarios during SSPT that model the conditions experienced in competition. For
example, one might model an American football game by using 15 sprint intervals
with a work to rest ratio of 1:10 (i.e., 5 s work, 50 s rest) to simulate what is encountered
during competition (36). The implementation of SSPT in the preparatory phase of
training depends on many factors including the athlete’s training age, his chrono-
logical age, and the requirements of the sport (figure 3.3). Physiological adaptations
to SSPT can occur rapidly, in as little as 2 weeks of training (6, 7, 19). SSPT may be
undertaken for 2 months or more, depending on the characteristics of the sport and
the athlete’s level of development.

PREPARATORY PHASE
Elite/pro athletes General | * Sport-specific training
physical | e perfecting sport-specific biomotor abilities
training
Beginner to intermediate General physical training « Sport-specific training
athletes « Perfecting sport-specific biomo-
tor abilities
Developmental athletes General physical training e General physical training
e Introducing sport-spe-
cific training elements

Figure 3.3 A basic representation of the duration of general physical training and sport-
specific training between elite and professional athletes, beginners, and children.
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EXERCISE FOR PHYSICAL TRAINING

An exercise is a motor act that can be used to target general physiological adaptations,
movement patterns, or specific muscle groups that are related to the performance
of the athletic skill. To simulate maximal amounts of physiological adaptation, the
athlete must train for many years (ranging from 8 to 12 years) to optimize perfor-
mance (28, 38). During these training years, exercises must be repeated systematically
to stimulate adaptations that will improve performance.

Many training exercises are available to the coach when constructing a train-
ing plan. The coach should choose exercises that target the athlete’s needs and the
demands of the sport. Exercises can be classified as general or specific in regard to
the development of precise biomotor abilities. Both general and specific exercises will
be used throughout the training year, but their contribution to the training plan will
vary between training cycles and depending on the athlete’s training age (15).

Exercises for General Physical Development

Exercises for general physical development are nonspecific exercises that contribute
to the athlete’s physical development. These exercises develop strength, flexibility,
mobility, aerobic fitness, and anaerobic capacity (15). Exercises for general physical
development lay the foundation for further training by improving basic motor quali-
ties that are central components of a multilateral program (15, 38).

Exercises that focus on general physical development are central to the training
plans of children and young athletes. These exercises are also important during the
early part of the preparatory phase of training (31) or with athletes who lack a solid
training base. These types of exercises fall into two classifications. The first classifica-
tion consists of exercises that are performed without implements (calisthenics) or are
performed with objects that are not used in competition (such as stall bars, benches,
skipping rope, medicine balls). The second classification includes exercises derived
from the actual sport or related sporting events. A contemporary interpretation of
this concept can be seen in cross-training, where during certain parts of the training
year athletes participate in sporting activities that are related to the sport in which
they compete (20). For example, a cyclist may participate in cross-country skiing in
the off-season to develop cardiovascular fitness.

General physical development exercises are tools for developing overall fitness. Ath-
letes need a balanced program in which muscular strength, flexibility,and endurance
(HIEE or LIEE depending on the sport being trained for) are developed. For example,
when strength training, an athlete can use high-volume, low-intensity training plans
to target general physical development. This type of training, if done appropriately,
can increase muscular strength, muscular endurance (HIEE and LIEE), and flex-
ibility (if undertaken through a full range of motion), which can lay the foundation
for specialized training that targets precise biomotor abilities.

Exercises for Specific Biomotor Development

Exercises for specific biomotor development target physiological adaptations, move-
ment patterns, or muscle groups that are necessary for the sporting activity. This
type of exercise is central to the concept of specificity of training. Specificity of
training is the degree of similarity between the training exercise and the activities
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used in the sport (45). The more similar the characteristics of the training exercise
are to the sport, the greater the transfer of training effects to the sport will be. When
assessing the transferability of a training exercise to a sporting activity, the coach
should consider the bioenergetics (33), movement patterns (39), and factors related
to overload (45). The more similarities that are found between the training exercise
and sport in regard to these factors, the greater will be the potential for the transfer
of training effects.

The concept of movement pattern specificity reveals that the type of muscle
action, kinematic characteristics (i.e., movement patterns), kinetic characteristics
(i-e., forces, rate of force development, power output), muscle groups activated, and
acceleration or velocity characteristics of the movement all contribute to the exer-
cise’s ability to transfer to the sporting activity. Particularly important to training
specificity are the movement pattern and the primary muscles used in the sport-
ing activity. For example, the primary movers related to sprinting performance are
the muscles of the lower body. Therefore, a coach who works with sprinters should
use exercises that target the development of lower-body muscles. However, the
coach should also consider the synergistic muscles that are used in concert with
the muscles of the leg. The best way to accomplish this is to target movement pat-
terns. For example, the sprinter might use the power clean as a training exercise,
because it has a power, force, and velocity profile similar to that used in sprinting.
Additionally, the power clean activates the muscles of the trunk and other syner-
gistic muscles that affect running performance. Many exercises activate the prime
movers and synergistic muscles related to sprinting performance, including jumping
(plyometrics), squatting (back squat, one-leg squat, front squat), and weighted sled
pulling. In the scientific literature, sprinting performance has been significantly
related to power clean performance (1), back squat performance (11), and vertical
jumping performance (5, 11).

The use of exercises that are external to the athlete’s sport is important, because
sport performance alone will not give the athlete a great enough training stimulus
to maximize performance gains (e.g., leg power, speed, or force-generating capacity).
For example, the best high jumpers in the world do not perform more than 800 jumps
per year, and this number of jumps is insufficient to develop leg power. To maximize
performance gains, these athletes perform tens of thousands of exercises aimed at
developing leg power (e.g., back squats, power cleans, plyometric exercises).

Sport-specific exercises are essential to maximize the transfer of training effects
from training to sport performance. These exercises are very important in the pre-
paratory phase of training but also should be considered essential components of
the competitive phase of training. Some coaches and athletes exclude sport-specific
exercise during the competitive phase of the periodized training plan, choosing
to only perform technical training during this time. This practice is problematic
because the exclusion of sport-specific training exercises during the competitive phase
may lead to a loss of fitness that reduces performance as the season progresses. The
coach and athlete should consider sport-specific exercises as essential components
of every phase of a training plan because these exercises transfer directly to sporting
performance.

TECHNICAL TRAINING

One element that discriminates various sporting activities is the technique or motor
skills required. Technique encompasses all of the movement patterns, skills, and
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technical elements that are necessary
to perform the sport. Technique can be
considered the manner of performing a
skill or physical exercise. Athletes must
continually strive to establish perfect
technique to create the most efficient
movement patterns.

The more perfect or biomechanically
sound the technique s, the more efficient
or economical the athlete will be. For
example, less energy is expended when
an athlete has good running economy
or technique (32). Trained runners have
been reported to be more economical and
to consume 20% to 30% less oxygen com-
pared with novice runners who are run-
ning at the same submaximal speed (10,
14, 29). Biomechanists have suggested
running economy is affected by stride
length (8), stride rate (24), vertical stiff-
ness (13), net vertical impulse of ground
reaction forces (21), and ground contact
time (32). Thus, if a runner becomes
technically skilled and can optimize her
stride rate, ground contact time, and  Proper technique allows an athlete to efficiently
stride rate, she will be more economical perform a skill, so technical training must be
and thus more efficient. The relation- included in training plans.
ship between technique and movement
efficiency is important in all sports. Athletes must continually strive to maximize
technical proficiency and therefore must incorporate technical training into their
overall training plan.

AP Photo/Matt Dunham

Technique and Style

Every sporting activity has a technical standard or technical model that is accepted
as being perfect or as close as possible to perfect and represents the accepted model
of performance (15). A model of performance must be biomechanically sound and
physiologically efficient to be widely accepted. The model is generally not developed
based on the technique of elite or champion athletes because their technique may not
be biomechanically or physiologically sound. Therefore, simply copying the technique
of a champion is not advisable.

A technical model should exhibit some flexibility, because it should be constantly
updated based on new research findings. The technical model should be used as a
point of comparison for an athlete’s performance (15). This allows the coach to develop
a training plan that targets deficiencies. Although the technical model is invaluable
for training purposes, the athlete likely will develop her own individualized perfor-
mance style. The structure of the skill is not different, but the athlete may make the
skill look different as a result of her individual style of performance.

Individual technical styles are simply adaptations of an accepted model of per-
formance that occur in response to technical problems in performing a motor act.
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For instance, the Fosbury flop (named after the American who won the high jump
at the Mexico Olympic Games in 1968) changed the technique of high jumping dra-
matically. This technique requires the athlete to cross over the bar by facing it with
the back rather than the front part of the body. Scientific examination revealed that
this technique was more mechanically efficient than the classic technique. When
first introduced, this individual high jumping style was not considered the optimal
technique. However, in contemporary high jumping the Fosbury flop is considered
the optimal model (47). This example depicts how an individual style can become a
technical model.

There are also model techniques for optimal performance in team sports (23).
Things like shot distribution, execution, and rally length in net sports can all be ana-
lyzed and used to develop a model of performance (23). In team sports, the application
of a model of performance can be very team specific and related to the skill set or
attributes of the team. The style of performance can have tactical implications (23)
and can affect how the team undertakes technical and tactical preparations.

Individualization of Technique

Not all techniques are useful for all athletes. For example, a novice athlete will use a
more simplified technique than a world-class athlete (15). Therefore, when introducing
technical elements to an athlete’s training plan the coach must understand the indi-
vidual athlete’s level of development and her technical abilities and deficiencies.

In most instances technique is developed in stages, whereby simplified techniques
are introduced first. After the athlete masters these basic elements, the coach then
adapts the technique and adds elements that increase the technical difficulty of the
training exercise. For instance, when working with a young discus thrower, a coach
begins with perfecting the standing throw (17). Once the standing throw is mastered,
the coach can add other elements, such as a 4/4 turn (i.e., step-in) or footwork drills,
to begin teaching the athlete the rotational technique needed to be a successful discus
thrower (17). Novice athletes generally use techniques that are vastly different than
those of elite athletes as a result of their developmental status.

Variations can exist in the performance of a technical skill. Often these variations
occur as a result of the complexity of the task or the biomechanical or physiological
attributes of the athlete. Cyclic sports (e.g., running, cycling, rowing) often exhibit
fewer interindividual technical differences, whereas acyclic sports (e.g., throwing,
lifting, some team sports) have a greater potential for variations in technique. For
example, Al Oerter tended to hold the discus in a lower position during his rotation
than did most discus throwers, which is generally considered to be a technical flaw.
However, this individual technical pattern was highly effective for Oerter because of
his highly developed upper-body strength and fast leg speed (40). This example dem-
onstrates that technique is developed based on the athlete’s abilities, physiological
and mechanical characteristics, and level of development.

When teaching a technical element or whole technique, the coach must understand
the athlete’s physical and psychological capacities. For example, if the thrower does
not possess an adequate strength base, he may not be strong enough to keep his trunk
vertical throughout the throwing movement (26). Therefore, it may not be warranted
to work on the rotation portion of the throw until strength has been substantially
increased. An inadequately developed physical base will limit the athlete’s ability to
learn technical aspects of the sport. This scenario strengthens the argument that
physical training is the foundation of all training factors (figure 3.1).
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Sometimes an athlete will be forced to interrupt his training schedule (e.g., because
of illness or accidents). These interruptions in training generally affect the athlete’s
physical capacity, which may result in slight alterations in technique as a result of lost
fitness. When athletes experience a decline in physical capacity, a concomitant dete-
rioration in technique often occurs. Additionally, high levels of fatigue can negatively
affectan athlete’s technique or ability to perfect technique. High levels of fatigue are
usually related to low levels of physical work capacity. Therefore, when physical work
capacity returns to normal or fatigue is dissipated, the athlete will be able to reestab-
lish his technique. Because of the negative effects of fatigue on technique development,
some authors suggest that technical training should occur before conditioning and
a heavy conditioning day should not precede a technique day (15).

Learning and Skill Formation

Learning technique is a process in which an athlete acquires mechanical skill, per-
fects the skill, and then ingrains the skill (38). The ability of an athlete to learn new
mechanical skills depends on many factors including the athlete’s current technical
skill and the complexity of the skill that is being targeted (37). The athlete’s physical
attributes or level of development will affect her ability to learn new skills (38). How-
ever, many other factors such as the athlete’s learning style or the teaching methods
used can also affect how easily the athlete acquires the new skill set.

The learning of a new skill set has been suggested to be a three-part process (38),
which may not always be broken into discrete parts because the steps are often
blended. During the first part of learning a new skill, the athlete should receive a
detailed explanation of the skill and observe the skill being performed. After the
initial demonstration and explanation, the athlete begins to develop the rough
technical aspects of the skill, paying particular emphasis to the most crucial phases
of the movement pattern (38). During the second phase of the learning process, the
athlete begins to refine the skill, a long-term process in which many repetitions of
the movement are performed. During this phase technical errors are continually
addressed and the athlete strives to perfect the movement pattern and minimize
or eliminate technical deficiencies (38). In the third phase of learning the skill, the
athlete begins to ingrain the movement pattern so that the skill is automated and
happens naturally; this requires large amounts of repetitive practice undertaken for
significant amounts of time.

Evolutional Character of Technique

Technique continues to evolve as technological and creative innovations are intro-
duced into the sporting environment. Over time, training practices and techniques
change and what was once an advanced technique may become outdated. Techni-
cal innovations in sport can come from the coach’s imagination or from scientific
inquiry into the physiological and mechanical aspects of the sport. New techniques
may work well in ideal situations or in practice, but they must be translated into the
competitive arena before they become accepted as a technical model. Not all new
techniques or ideas will translate into the competitive arena because this environ-
ment is distinctly unique attributable to its high levels of physical and psychological
stress and its random nature. When coaches and athletes attempt to improve and
perfect technique, they must model the technique not only in ideal situations but
also in competition.
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TACTICAL TRAINING

Tactics and strategy are important concepts in coaching and athletics. Both terms
are derived from the military vocabulary and have a Greek origin. The word tactics
is derived from the Greek word taktika, which refers to the how things are arranged.
Strategy comes from the Greek word strategos, which means “general” or “the art of
the general.” In the theory of warfare, strategy and tactics are categorized separately
because both terms have unique dimensions. When examined in the military context,
strategies focus on wide spaces, long periods, and large movements of forces, whereas
tactics address smaller spaces, times, and forces. When examined in a hierarchical
perspective, strategies precede war planning and the actual tactics that are used on
the battlefield.

Tactics and strategies can be used during training or in a competition with direct
or indirect opponents. Strategy is the organization of training, play, or competition
thatis based on a philosophy or way of approaching a problem (e.g., training or com-
petition). Within the strategic framework are tactics, or the training or game plans.
A good example of the interrelationship between strategies and tactics can be seen in
the training process, where strength and conditioning coaches induce physiological
responses by using tactics that are organized into rational systems (34). When one is
attempting to understand the relationship between strategies and tactics, the sim-
plest approach is to consider strategy as the art of projecting and directing training
or competitive plans and tactics as the organization of these plans.

Tactical training refers to training offensive and defensive objectives (e.g., scoring,
a specific play) that are germane to a sport. For example, in soccer, skills that are
considered as part of tactical training include passing, pace of attacks, tackling, pass
distribution, dribbling skills, and length of passes (23). Each sport requires certain
skills, and thus tactical training may be different for each sporting activity. Tacti-
cal actions are part of the strategic framework used to train the athlete and prepare
for competition. The basis of any successful tactical plan, regardless of the sporting
activity, is a high level of technical proficiency. Thus, technique is a limiting factor
for all tactical maneuvers, and tactics are a function of an athlete’s technique. Tech-
nical abilities are based on the physiological adaptations that occur in response to
physical training. Thus, physical training is the foundation for technical and tactical
training (figure 3.1).

Tasks and Specificity of Tactical Training

For most elite athletes, there is very little difference between their physiological devel-
opment and their technical skill (35). Often, when all other factors are held equal,
the winning athlete uses more mature, advanced, and rational tactics. Even though
tactical training relies heavily on physical and technical training, there appears to be
an important link between psychological and tactical training (35).

Tactical mastery is founded on deep theoretical knowledge and the capacity to
apply tactics appropriate for the competitive environment. Tactical training may
include the following:

* Studying strategic elements of the principle sport
* Studying the rules and regulations for competition in the sport or event

* Evaluating the tactical abilities of the best athletes in the sport

* Researching the strategies used by opponents
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* Evaluating the physical and psychological attributes and potential of oppo-
nents

* Evaluating the facilities and environment of competition sites

* Developing individual tactics that are based on personal strengths and weak-
nesses

* Critically analyzing past performances against specific opponents

* Developing an individualized tactical model with appropriate variations to meet
multiple competitive demands

* Practicing a tactical model in training until it becomes ingrained

The development of tactical skills is accomplished with the same basic steps
outlined in the section titled Learning and Skill Formation. Traditionally, athletes
approach tactical skills training after developing the appropriate physiological basis
(physical training) and technical skills. However, it is also possible to develop all
three factors simultaneously as a result of proper planning and training program
integration.

When we examine tactical training principles, it may be helpful to classify sports
into general categories. Most sporting activities can be classified into five basic groups
as a result of their tactical similarities.

* Group 1: Sports in which athletes compete separately, with no direct contact
with opponents. These sports generally require athletes to perform in a predeter-
mined order. Examples include alpine skiing, track cycling (individual events such
as the 1,000 m or 4,000 m pursuit), cycling (time trial), figure skating, gymnastics,
diving, in-line skating, and weightlifting.

* Group 2: Sports in which athletes start the competition at the same time, in
either large or small groups. In these sports, some cooperation with teammates is
possible, thus adding a tactical element that requires some teamwork. Examples
include running events in track and field, cross-country skiing, cycling (track and
road cycling), Nordic skiing, cross country running, and swimming.

* Group 3: Sports characterized by direct competition between two opponents.
Examples include boxing, wrestling, tennis, fencing, and mixed martial arts.

* Group 4: Sports in which the opponents are in teams and the athletes have
direct contact during the game or competition. These sports include baseball,
soccer, American football, hockey, and rugby.

* Group 5: Sports that require athletic participation in a combination of differ-
ent sporting activities. These sports are complex because they require tactics that
are central to the individual sports and the general competitive plan. Sports in this
group include heptathlon and decathlon in track and field, biathlon (shooting and
Nordic skiing), triathlon, and modern pentathlon.

Classifying sports into broad groups helps us examine sports tactics. The innate
similarities between the sports in each group can provide a deeper tactical under-
standing of sports with similar characteristics.

Uniform Distribution of Energy

The ability to maintain tactical proficiency under conditions of fatigue is an impor-
tant determinant of competitive success. Therefore, the athlete’s tactical training
must include sessions that require the athlete to perform under conditions of fatigue.
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Before you can create a training program, you need to know what kinds of tactical skills are
required.

The coach can create such a condition by extending practice after the athlete has
become fatigued, informing the athlete either before the session begins or at some
point during the session. Another possibility is to use several rested sparring partners
during training, which would force the athlete or team to constantly perform at a
high level. The physical training base provides the foundation for the athlete’s ability
to perform under conditions of fatigue: The higher the physical training base, the
greater the work capacity.

Another consideration is the athlete’s ability to mobilize all of her resources to
finish. In close races or games, success often depends on the athlete’s capacity to
mobilize all forces and give everything for the final moments of the competition. The
coach can create scenarios that require the athlete to maximize effort in simulated
end-of-competition situations; an example is simulating the time left in a game or com-
petition and requiring the athlete to increase the tempo of her tactical practice.

Technical Solutions to Tactical Tasks

Often athletes have to perform under adverse or unusual environmental conditions,
such as on awet field, in a strong wind, in cold water, or in a noisy environment. Such
conditions require special preparation. The following guidelines may help athletes
adapt to these adverse conditions.

* Perform skills and tactical maneuvers correctly and efficiently under unusual
or simulated conditions.

* Organize exhibition games or competitions with partners who follow the same
tactics as future opponents.

* Create unique situations that demand each athlete to independently create
tactical resolutions.

© Human Kinetics
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The ability to demonstrate tactical discipline is essential in training. However, in
competition the athlete may experience a tactical problem that was not addressed
or simulated by the coach. In such a case the athlete must draw on his training and
experience to create an immediate solution to the tactical problem. This process can
be facilitated by exposing the athlete to various situations in training and exhibi-
tion competitions so he can create a repertoire of tactical solutions to draw on when
adverse situations occur during competition.

Maximizing Teammate Cooperation

The cohesive interaction of a team is essential for success in sports classified in groups
2 and 4. Using techniques such as limiting external conditions (e.g., decreasing the
available time or playing space) can force the team to interact and cooperate. Addi-
tional stress can be introduced by adding fatigue to these scenarios. These scenarios
will help athletes learn how to interact and cooperate during adverse situations.

An additional strategy is to perform tactical maneuvers against a conventional
opponent who is attempting to counteract the play. This scenario can be created by
using an opposing team or by creating an opposing team with reserve players during
training. The coach should instruct these players to behave as if they are not familiar
with the applied tactics. Reserve players should participate in the preparation of game
tactics, because changes in the team lineup increase the potential of a breakdown in
cooperation and tactics. It is useful during practices to replace key players with spare
players. This allows reserve players to become familiar with the team tactics and the
other players, and it allows the existing group to see how the reserve player operates
and how the team tactics will change with that player’s presence. These techniques
allow the team to develop new tactical combinations that can improve the team’s
competitive capabilities.

Perfecting the Team’s Flexibility

To maximize team cooperation, the coach should introduce changes in the team’s
tactics that will increase its tactical flexibility. The team can use tactical flexibility
to create scenarios that will surprise opponents. A plethora of tactical variations can
be used, such as the following:

* Substitute different tactics at predetermined times or in response to signals from
a coach or designated player (e.g., captain).

* Substitute players who bring a new and unexpected game change to the team.

* Expose the team to exhibition games against teams that use various styles of
play. This allows the team to prepare for these scenarios in future games and
develop tactical solutions to the style of play encountered.

Tactical Thinking and the Game Plan

A central component of tactical training is developing tactical thinking skills. The
ability to think tactically is limited by the athlete’s knowledge and repertoire of tacti-
cal skills. To think tactically, the athlete must learn to do the following:

* Realistically and correctly evaluate opponents as well as himself.

* Instantly recall technical skills and combinations of skills that can be used
under game situations.

* Anticipate his opponent’s tactics and use the appropriate tactics to counteract
them.
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* Disguise or conceal tactics that may prevent the opponent from sensing and
counteracting the plan of attack.

* Perfectly coordinate individual actions within the team tactics.

The competition or game plan is based on analysis of tactical trends and the
opponent’s strengths and weakness. Components of the game plan are then inte-
grated into the tactical training portion of the training plan. The game plan usually
is progressively introduced over the last two or three microcycles so that it can be
perfected by the time of competition. The game or competition plan is important
for several reasons:

* To instill confidence and optimism about the upcoming competition.

* Toinform the athlete about the place, facilities, and conditions under which the
contest will be organized.

* Tointroduce the strengths and weaknesses of future opponents into each train-
ing factor.

* To use the athlete’s past performance as a reference from which to build con-
fidence. Without disregarding the athlete’s weaknesses, emphasize the strong
points from which to build a realistic optimism.

* To develop realistic objectives for the competition using all of the preceding
factors.

The implementation of the game or competition plan occurs in several phases.
First a preliminary game plan is developed. The game plan and its tactical elements
are then implemented into the game situation. After the game is completed, the plan
is comprehensively analyzed allowing for the further refinement of the plan and its
tactical components.

Creating the Preliminary Game Plan

The first phase of game planning involves developing the preliminary game plan
prior to the competition. The coach develops this plan after comprehensively ana-
lyzing potential tactical difficulties that the athlete or team is likely to encounter
during the game or competition. Tactical solutions or objectives are then created in
response to the potential tactical difficulties revealed during the critical analysis. In
the context of the tactical plan, individual tactical objectives are assigned to players
based on their strengths and weaknesses. The tactical objectives are then practiced
as part of the tactical training plan.

In the days prior to the game, the athlete should avoid changing her habits because
this may adversely affect game-time performance. Two or three days before the com-
petition, the coach should reinforce the game plan and the tactics that have been
developed, using structured practices that allow for the development of good techni-
cal and tactical performances. When possible, the training lesson should mirror the
competitive model. The coach should acknowledge good performances to develop
confidence, create motivation, and increase competitive desire.

As the competition approaches, the coach should focus only on a few major points
of the game plan without overwhelming the athlete with too many instructions.
No matter how detailed the preliminary game plan, there is always a potential for
unforeseen technical and tactical occurrences. Therefore the plan must be flexible
enough to allow the athlete to respond to these challenges.
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Applying the Game Plan

The second phase of the game plan is
the implementation of the general plan
in an actual game situation. The initial
phase of the game is generally used to
test the main elements of the tactical
plan. In this portion of the game, the
team will strive to unveil the opponent’s
game plan while hiding their own plan.
The athlete will need to be able to analyze
and comprehend the tactical situations
that arise and choose a tactical action to
apply. The ability to comprehend these
tactical situations will depend on the
athlete’s tactical knowledge, experience,
team dynamics, and tactical preparation.
These attributes will allow the athlete to
solve problems by instantaneously work-
ing through periods of analysis, synthesis
(i.e., combining separate parts into a
whole), comparison, and generalization.

This process allows the athlete to deter-
mine the most appropriate solutions to A coach needs to analyze how well a game plan

the tactical demands of the game. The IS working during a competition. Is an athlete
individual decision-making processes ~able to choose the correct tactical action to
will occur in concert with the group — apply to a certain situation?

decision-making dynamics within the

team. The coordinated efforts between each individual on the team allow for ratio-

nal, original, rapid, economical, and efficient solutions to the fluctuating tactical
challenges that arise during the game.

AP Photo/Mike McCarn

Analyzing the Game Plan

The third phase of game planning requires the coach to perform a systematic, criti-
cal analysis of the game plan. The coach should closely examine how the plan was
developed, the effectiveness of the individual tactical roles in the plan, the success of
the tactical plan, and, if the game plan did not succeed, the reasons why. The more
detailed the analysis, the more it will reveal about the strengths and weakness of the
plan.

The most appropriate time to analyze the game plan and discuss the results of the
analysis with the athletes depends on the outcome of the game or competition. If the
result was favorable, analysis of the game can occur soon after the game’s completion
and discussion of the results of the analysis can occur during the first practice session
after the game. Conversely, if the outcome of the game is unfavorable, the analysis
should be delayed to allow for a critical examination of the performance. The coach
should discuss the analysis with the athletes 2 or 3 days after the competition to allow
time for the psychological wounds to heal. When discussing the analysis with the
athletes, the coach should be clear and reasonable and should highlight the positive
aspects of the performance. The coach should also project optimism and propose a
few tactical elements to emphasize in subsequent training.
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Perfecting Technique and Tactical Training

Both technique and strategy in sport are in continual flux. Technical and tactical
knowledge is continually changing in direct response to the evolution of sport sci-
ence (50) and practical experience. This increase in technical and tactical knowledge
increases the effectiveness of training. To achieve technical and tactical mastery, the
coach and athlete must optimize three relationships between conflicting concepts:
integration-differentiation, stability-variability, and standardization-individual-
ization (18).

Integration—Differentiation

Learning or perfecting a skill as well as training an ability is a multifactorial process,
through which the athlete can develop technical and strategic mastery. Central to
the process are the concepts of integration and differentiation. Integration refers to
combining the individual skill or tactical maneuvers into a whole process, whereas
differentiation involves analytically processing each component of the whole process.

When learning a new technique or skill, the athlete progresses from simple techni-
cal or tactical elements to complex elements. To master a skill or tactical maneuver
that has already been learned, the process is reversed: The athlete and coach must
analyze the whole skill or tactical maneuver by breaking it down into subunits to
determine whether technical errors exist. If the athlete and coach determine that each
subunit is free of technical faults, it is likely that errors exist in how the individual
subunits are unified into the whole system (e.g., connective parts or two elements
in a gymnastics routine or other sport skill). If the examination of the connections
between the subunits does not reveal technical errors, further differentiation of the
skill is necessary to isolate the sources of error. Once the sources of error are isolated,
the coach and athlete must develop strategies to eliminate the error.

The integration-differentiation process can be used to perfect or change the
technical or tactical model being used. Figure 3.4 illustrates how a skill can be per-
fected through the use of a systematic integration (i.e. constructing whole skills) and
differentiation (i.e. dissecting skill into subunits and determining where errors are)
process. The outcome of this process is mastery of the skill.

If the coach determines that a technical skill or tactical maneuver is insufficient,
it may be warranted to alter the performance model. The coach must determine why
an error occurred and critically analyze the model to determine what components
can be removed or modified (figure 3.5). Determining technical errors occurs with
the same differentiation process presented earlier. Once technical errors are isolated
and the coach has decided that the model of performance must be altered, the techni-
cal error must be “unlearned” and a new technical skill or element taught. Once the
athlete learns the new element or skill, she must practice the skill until it becomes
automatic; then the skill is reintroduced into the whole system of performance and
the athlete practices the skill until it is mastered.

Stability—Variability

When training athletes there is a constant trade-off between stability and variability
(45, 51). The optimal training stimulus occurs in response to a systematic variation in
training load, intensity, or content (45). If, however, the training stimulus or workloads
are prescribed in a monotonous fashion the athlete will experience accommodation
or stagnation problems, which will halt any improvement in performance (43, 45).
Therefore, the training program should include planned variation, whereby novel or
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Develop the model of performance
]

'

Learn new skills

l

Integrate new skills into whole system — Correct technical or tactical errors
Automate system into a cohesive performance Isolate technical or tactical errors
l T
Critically analyze performance —— Errors present ——»— Differentiate skill into subunits

ﬁu

No errors present

Continual mastery of performance

Figure 3.4 Perfecting a model of performance.
Adapted from Teodorescu and Florescu 1971 (48).

seminovel tasks are introduced or reintroduced periodically throughout the annual
training plan. The introduction of novel or seminovel tasks will result in a greater
stimulatory effect and greater adaptation (22), which will stabilize the athlete’s skill
and performance level. Therefore, variability in training (e.g., changes to volume, load,
exercises, and workout density) provides a stabilizing effect in regard to performance
and skill acquisition.

Standardization—Individualization

There is a constant conflict between the standardization of a skill set and the indi-
vidual traits and characteristics of the athlete. The coach must develop and stabilize
the athlete’s technical skills while accounting for the individual’s psychological and
biological characteristics. In this way the coach will be able to modify the technical
skill so that it becomes standardized.

Stages of Perfecting Technical and Tactical Training

The athlete’s ability to perfect technique and tactics is a direct result of the coach’s
knowledge and teaching skill, which can include the use of preparatory and pro-
gressive drills and audiovisual aids. The athlete’s ability to learn new skills is also
related to her ability to process new information and her biomotor abilities. It has
been suggested that athletes improve technical and tactical skills in three distinct
stages (48) (figure 3.6).
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Altering an inefficient performance model
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Inihibit performance error or Learn new skill or
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inefficient techniques technique
Adapt to new skill or » Integrate new skill or technique into
technique whole performance
Automate system into a < Correct technical or
cohesive performance tactical errors

Isolate technical or
tactical errors

Y

Critically analyze performance —————— Errors present —————— Differentiate skill into subunits

A

No errors present

Continual mastery of performance

Figure 3.5 Altering an inefficient model of performance.
Adapted from Teodorescu and Florescu 1971 (48).

In the first stage, the main objective is to perfect the individual components and
technical elements of a skill (differentiation). As the components are mastered, they
are progressively integrated into the whole system. In concert with skill perfection are
the development and perfection of the dominant or supporting biomotor abilities. The
development of these biomotor abilities is essential because technique is a function
of physical preparation or capacity. The acquisition of new skills and techniques is
best suited for the preparatory phase of the annual plan. When skill acquisition is a
central focus, it is inadvisable for the athlete to participate in competitions.

The main objective in the second stage is to perfect the whole skill under standard-
ized conditions similar to those seen during a competition. This can be accomplished
by participating in either exhibition or simulated competitions. The athlete must
maintain dominant biomotor abilities during this phase so he will have an adequate
physical training base to continue skill development. This stage of perfecting a skill
can be integrated into the annual training plan near the end of the preparatory
phase.
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Stage 1

Objective
¢ Perfect the components of the skill

* Integrate the components of the
skill into the whole system

¢ Develop dominant motor

abilities

* Use simple conditions to master
the performance of a skill

Requirements

Stage 2

Objective

* Stabilize the skill within the whole
system under standard conditions

* Maintain the development of the
dominant biomotor abilities

l

Requirements

¢ Use exhibition competitions at
the end of the phase

Stage 3

Objective

» Stabilize the skill within the whole system
* Use the skill under competitive conditions

¢ Optimize physical capacity for maximal

performance

l

Requirements

* Simulate competitive
environment

(e.g., with noise, fatigue)
» Competitions are inadvisable
* Participate in competitions

Figure 3.6 Three stages of perfecting a skill.
Adapted from Teodorescu and Florescu 1971 (48).

The final stage of perfecting a skill focuses on stabilizing the whole skill and
translating it to competitive performance. The coach must create an environment
(e.g., including noise, fatigue) that is as close to the actual competitive situation as
possible. This stage of perfecting a skill should be implemented into the annual
training plan during the competitive phase.

Correcting Technical and Tactical Errors

“If a coach fails to concentrate on correcting an athlete’s technical errors, all they are
doing is perfecting those errors” (3).

Often technical improvement or skill mastery is impaired because the athlete learns
the skill incorrectly. If the technical skill is not taught correctly, the athlete’s ability
to correct technical errors is greatly impaired. The coach must strive to eliminate as
many technical errors as possible to maximize the athlete’s development. Technical
or tactical errors can occur because of many reasons, but generally they fall into
three broad areas:

* The athlete is performing a skill incorrectly. Many factors can impair an ath-
lete’s ability to learn or perfect a skill. Two interrelated factors are an insufficient
physical training base and lack of correlation between biomotor abilities. A poorly
developed physical training base or insufficient development of biomotor abilities
can delay skill acquisition and development. For example, athletes who have not
adequately developed a physical training base are more apt to develop fatigue when
working on skill acquisition. Fatigue, which can result from a poor training base or
a poorly implemented training plan, can impede learning or resultin a deterioration
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of technical skills. Therefore, simply improving the athlete’s physical training base
may improve her ability to learn new skills. The development of biomotor abilities
may also facilitate the acquisition of skills. One of the major biomotor abilities
that can affect skill acquisition is strength. For example, a gymnast may not be
able to learn or master a specific element (e.g., iron cross) if he does not have the
appropriate level of strength to perform or practice the skill (16). Therefore, simply
increasing strength as part of the physical training base will increase the athlete’s
ability to learn or master the targeted skill set.

* Psychological factors, such as self-confidence, morale, desire, and beliefs,
appear to be significantly related to the athlete’s ability to perform or develop
skills (12, 49). For example, athletes who set goals that are task oriented, such as
working hard to perfecta skill, generally achieve greater success than athletes who
are ego driven (i.e., perform for individual notoriety) (12, 49). Athletes who are ego
driven tend to perceive failure as an inability to perform a task, which may result
in a withdrawal from training (12). Conversely, task-oriented athletes will respond
to failure by increasing their effort in training (12) because they equate success

with hard work (49).

* The coach’s teaching method causes technical faults. The coach may use inap-
propriate teaching methods or demonstrate the technique incorrectly when
introducing the skill or may fail to completely explain the technical aspects of
the skill. Some coaches neglect to tailor skill instruction to the individual’s learn-
ing capacity and biomotor ability. Additionally, the coach’s personality, coaching
style, and character can affect the athlete’s ability to acquire technical skills. For
example, if the coach does not allow the athlete sufficient time to learn a skill, the
potential for developing technical errors is magnified.

* There are equipment, organizational, or environmental causes. The environ-
ment must foster the acquisition of proper technique, and the training session must
be properly planned. Equipment must be appropriate and must function properly
during each training session. Appropriate facilities (e.g., field, court) must be avail-
able for training, because an adverse environment can impair skills acquisition.

There are many ways to correct technical errors, butitis better to prevent technical
errors in the first place. The best way to prevent technical errors is through the uti-
lization of appropriate teaching methods. If technical errors do occur, it is essential
that they be addressed as soon as possible. The best time to dedicate to technical or
tactical corrections is the preparatory phase of the annual plan, because the stress
of competition is absent during this phase and time can be dedicated to addressing
technical issues.

Learning new skills or addressing technical errors should be avoided when the
athlete is fatigued, because fatigue usually has a negative effect on learning. Thus it
is best to address technical errors or teach new skills immediately after the warm-up.
Another strategy is to increase the amount of rest between repetitions of the drills
used to address errors.

The first step in addressing technical errors is to isolate the error from other tech-
nical skills. Once this is done the coach can introduce the correction or new element
that will address the error. The athlete then practices the new skill. When the athlete
has acquired or mastered the new skill it is integrated back into the system or whole
skill. While this process is being undertaken, the athlete must maintain or develop
the biomotor abilities that are necessary to support the skill being perfected.
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Another issue that must be considered when addressing technical errors is the
intensity or velocity at which the exercises are performed. In most cases, coaches
concentrate on correcting technique with low-intensity or low-velocity movements.
Although this is an important step in reeducating the athlete, sporting events often
occur at higher velocities and intensities. Therefore, after the athlete becomes profi-
cient at the new skill or corrected skill with low intensities and velocities, she must
practice the skill at progressively higher velocities and intensities until the skill can
be used in competition.

Visualization or mental practice is an excellent tool for correcting technical
errors (46). The scientific literature has shown that athletes who use mental practice
perform significantly better than those who do not (46). The coach should consider
incorporating mental practice into the training plan to maximize the correction of
technical errors and ultimately improve performance.

THEORETICAL TRAINING

Although it is commonly accepted that athletes need to develop physical, technical,
tactical, and psychological skills, whether athletes need to understand the theoretical
basis of training and sport is of great debate. Some coaches are tied to the archaic
belief that they need to think for their athletes and that athletes only need to concern
themselves with training and competing. In fact, approaching the development of
athletes in this fashion may delay the athlete’s skill and performance improvement.

The coach should consider the development of the athlete, which includes edu-
cating the athlete about the sport, training theory, and why they are doing certain
things in training. To effectively educate athletes, the coach must stay up to date with
theoretical knowledge by reading sport science literature, attending sport science and
coaching conferences, and interacting with other coaches. The coach should educate
the athlete in the following areas:

* The rules and regulations governing the sport.

* The scientific basis for understanding and analyzing the technique of the sport.
Understanding basic biomechanics allows the athlete to analyze movement and
ensure proper mechanics, thus decreasing the risk of injury.

* The scientific and methodological basis of biomotor abilities.

* The planning of training and how periodization of training is used to prepare
the athlete for competition.

* The physiological adaptations that occur in response to training.
* The causes, methods of prevention, and basic treatments for injuries.
* The sociology of sport (i.e., intergroup relationships).

* The psychological aspects of sport, which include communication skills, behavior
modification, stress management, and relaxation techniques.

* The effect of nutrition on training adaptations and how to use dietary interven-
tions before, during, and after training or competition.

Developing the athlete’s theoretical knowledge about her sport and how to prepare
for her sport is an ongoing process that should include discussions before, during,
and after training. The process should include things like film analysis, where the
coach teaches the athlete how to critically analyze performance parameters. Athletes
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should be encouraged to become students of their sport. This can be accomplished
through attending clinics, interacting with other coaches and athletes, reading peri-
odicals and other pertinent texts, and engaging in detailed discussions with their
personal coach.

SUMMARY OF MAJOR CONCEPTS

The preparation of athletes includes physical, technical, tactical, psychological, and
theoretical training. These five factors are interrelated, with physical training being
strongly linked to the development of both technical and tactical skills. Physical
training is the foundation of every training program. An inadequately developed
physical capacity will usually result in fatigue, which impairs technical and tacti-
cal performance during training and competition. Therefore, it is essential that the
athlete’s physical capacity be addressed with sound physical training.

The athlete must continually strive to attain perfect technique. The more techni-
cally proficient an athlete, the more efficient she will be and the less energy she will
expend during practice and performance. Technical skills also affect the athlete’s
tactical capacity. Therefore, the training plan must provide for the continued devel-
opment and refinement of technique.

The competitive game plan needs to be developed in advance of the competition
to allow the development of the tactical training plan. The coach should integrate
tactical training into the training plan to allow adequate time for the athlete to
perfect the tactics prior to competition.



CHAPTER

VARIABLES
OF TRAINING

he efficiency of a physical training program results from the manipulations

of volume (duration, distance, repetitions, or volume load), intensity (load,

velocity, or power output), and density (frequency), which are key variables
in training. These variables should be manipulated according to the functional,
physiological, and psychological requirements of the training goal or competition.
Thus, when designing the training plan, the coach must first decide which variable to
emphasize to meet the performance objective. The manipulations of these variables
will establish distinct training-induced outcomes that can significantly affect the
athlete’s performance.

The training plan should emphasize training variables in proportion to the athlete’s
needs. The coach must continually monitor the athlete’s responses to the training
plan to determine whether the training variables require further adjustment. A criti-
cal analysis of annual training plans used across the athlete’s career can give insight
into the effectiveness of manipulations of training variables.

VOLUME

Volume is a primary component of training because it is a prerequisite for high tech-
nical, tactical, and physical achievement. The volume of training, sometimes inac-
curately called the duration of training, incorporates the following integral parts:

* The time or duration of training

* The distance covered or the volume load in resistance training (i.e., volume load
= sets X repetitions X resistance in kg)

* The number of repetitions of an exercise or technical element an athlete performs
in a given time

The most simplistic definition of volume is the total quantity of activity performed
in training. Volume can also be considered the sum of work performed during a
training session or phase. The total volume of training must be quantified and
monitored.

79
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Yearly training volume

The accurate assessment of training volume depends on the sport or activity. In
endurance sports (e.g., running, cycling, canoeing, cross-country skiing, and rowing),
the appropriate unit for determining training volume is the distance covered (26,
61). In weightlifting or resistance training, the volume load (65, 69, 72, 79) or metric
tons of training (10, 52) expressed in kilograms (volume load = sets X repetitions
X resistance in kilograms) is the most appropriate method for assessing volume
because repetitions alone are considered to be a poor estimate of work accomplished
(79). The number of repetitions can be used to calculate volume in activities such as
plyometrics (50) or throws in baseball (51) and track and field (49). Time seems to be
a common denominator for most sports, although the proper expression of volume
may be a factor of time and distance (e.g., to run 12 km in 60 min).

Two types of time-based volumes can be calculated. The first is relative volume,
which refers to the total amount of time a group of athletes or team dedicates to
training during a training lesson or phase of training. Relative volume seldom has
value for an individual athlete because no information about the individual athlete’s
volume of work per unit time is known. A far better way to quantify the individual
athlete’s volume of work is absolute volume, which measures the amount of work that
the individual performs per unit of time.

Across an athlete’s career, the volume of training increases (62, 82, 83) (figure
4.1). As the athlete becomes more trained, greater training volumes are necessary to
stimulate the physiological adaptations necessary to increase performance (79, 82,
83). Comparing novice and advanced athletes clearly shows that advanced athletes
can tolerate much greater training volumes (65). An increase in volume over time is
important for the development of aerobic athletes, strength and power athletes, and
team sports athletes. An increase in technical and tactical skills training is also nec-
essary, because high numbers of repetition are needed to improve performance.

There are many methods for increasing the athlete’s volume of training. Three
effective methods are

* increasing the density (i.e., frequency) of training,
* increasing the volume within the training session, and

* doing both.

Researchers have suggested thatitis important to increase the frequency of training
as much as possible without inducing overtraining (35, 78). Other researchers have
definitively stated that more frequent

training results in significantly greater

training-induced adaptations (35, 37,

82). Increasing the number of training

sessions in a single day appears to offer

a physiological benefit as well (37, 82,

83). It is not uncommon for elite athletes

to perform 6 to 12 training sessions per

week with multiple sessions each training

day (2-S, 34, 42). The athlete’s ability to

recover from the training volume is the

most important factor dictating how

much volume is used in the training plan

Time (y) (65). Advanced athletes can tolerate high

Figure 41 Theoretical increase in volume of train-  training volumes because they can recover
ing over time. more quickly from the trainingload (65).
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The time that athletes spend training has consistently increased over the decades.
For example, Abadjievand Faradjiev (6) reported that weightlifters in Bulgaria increased
their training volume by 625% between 1966 and 1984—from 800 metric tons to 5,800
metric tons, respectively. Fiskerstrand and Seiler (28) reported that between 1970 and
2001, the volume of training increased by 22% in Norwegian international-class rowers.
Although it is important to maximize training volume, it is imperative that the train-
ing volume vary according to the sport, training objectives, athlete’s needs, athlete’s
training age, athlete’s stage of development, and phase of the annual training plan.

INTENSITY

Intensity, or the qualitative component of work an athlete performs is another
important training variable. Komi (43, 44) defined intensity in relation to power
output (i.e., energy expenditure or work per unit of time), opposing force, or velocity
of progression. According to this definition, the more work the athlete performs per
unit of time, the higher the intensity (20, 69, 79). Intensity is a function of neuromus-
cular activation, with greater intensities (e.g., higher power outputs, higher external
loads) requiring greater neuromuscular activation (36). The neuromuscular activation
pattern will be dictated by the external load, the speed of performance, the amount
of fatigue developed, and the type of exercise undertaken (36). An additional factor
to consider is the psychological strain of an exercise. The psychological aspect of an
exercise, even in the presence of a low physical strain, can have a high level of intensity,
which is manifested as a result of concentration and psychological stress.

The assessment of intensity is specific to the exercise and the sport. Exercises that
involve speed usually are assessed in meters per second, rate per minute, or power
output (watts). When resistance is used in the activity, the intensity is typically quanti-
fied in kilograms, kilograms lifted 1 m against the force of gravity (kg/m), or power
output (watts). In team sports, the intensity of play is often quantified as the average
heart rate, heart rate in relation to anaerobic threshold, or percentage of maximum
heart rate (13, 33, 76).

The training plan should include varied intensities within the various phases of
the annual training plan, specifically at the level of the microcycle. There are many
methods to quantify and establish the training intensity. For example, with exercises
that are performed against a resistance or at high velocities, the training intensity
can be quantified as a percentage of the best performance (68). The best performance
would then represent a maximum intensity. Let’s say that an athlete completes a 100
m dash in 10 s, which corresponds to a velocity of 10 m/s. If the athlete can generate a
higher velocity (e.g., 10.2 m/s) over a shorter distance, the intensity would be consid-
ered supermaximal because it is more than 100% of the maximal velocity (table 4.1).

Table 4.1 |Intensity Scale for Speed and Strength Exercises

Percentage of maximum
Intensity zone performance Intensity
6 >100 Supermaximal
5 90-100 Maximum
4 80-90 Heavy
3 70-80 Medium
2 50-70 Low
1 <50 Very low
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With the intensity stratification presented in table 4.1, exercises performed with
resistance loads greater than 105% of maximum would most likely be either isomet-
ric or eccentric muscle actions and thus would be considered supermaximal. When
training for endurance (e.g., 5,000-10,000 m), the athlete may run shorter distances

at

a much faster rate and thus may perform at intensities greater than 125% of the

mean velocity achieved during the actual race.

An alternative method of evaluating intensity is based on the primary energy

system engaged during the activity (20, 69, 74). A six-tier intensity classification can

be

constructed based on the biochemical responses to different types of exercise

bouts (table 4.2).

* Intensity zone 1: Exercises in this zone of intensity rely almost exclusively on
anaerobic metabolism and last for up to 6 s (e.g., snatch, clean, shot put throw,
average play in American football, discuss throw). This intensity zone is marked by
the highest power outputs and thus should be considered the highest intensity of
exercise (20, 79). The intensity of work in this zone is substantially higher than the
athlete’s VO,max (maximal oxygen uptake), thus requiring any work in this zone
to be supported primarily by anaerobic energy supply. The phosphagen (ATP-PC)
system is the primary supplier of energy in this intensity zone. The ATP-PC system
is capable of supplying energy only for very short periods of time because it relies
exclusively on muscular stores of ATP and phosphocreatine (PCr) (79). The reliance
on anaerobic energy supply creates a large oxygen deficit as a result of the rapid
demand for energy that cannot be met by aerobic mechanisms (54, 79). Ultimately,
an increase in oxygen consumption, or what is termed the excess postexercise
oxygen consumption (EPOC), occurs following exercise to replenish the ATP
and PCr stores. Exercise performed in this intensity zone usually is limited by the
muscular stores of ATP and PCr (79).

* Intensity zone 2: The second intensity zone, which is a high-intensity zone, also
relies almost exclusively on anaerobic energy supply and includes activities that last
between 6 and 30 s (e.g., 100 m and 200 m sprint in track and field, 100 m sprintin
swimming). In this zone, like zone 1, the rate of energy supply must be very rapid
and cannot be met by aerobic mechanism. Therefore, energy demand is met by a
combination of the ATP-PC and the fast glycolytic system (79). The breakdown of

Table 4.2 Intensity Zones Based on Bioenergetics
BIOENERGETIC
Intensity Event Level of Primary CONIGEONIONS
zone duration intensity energy system Anaerobic | Aerobic
1 <6s Maximum ATP-PC 100-95 0-5
2 6-30 s High ATP-PC and fast glycolysis 95-80 5-20
3 30 s to 2 min Moderately high Fast and slow glycolysis 80-50 20-50
4 2-3 min Moderate Slow glycolysis and oxidative | 50-40 50-60
5 3-30 min Moderately low Oxidative 40-5 60-95
6 >30 min Low Oxidative 5-2 95-98

Note: ATP-PC = Phosphagen system.

Adapted from McArdle, Katch, and Katch 2007 (54), Brooks, Fahey, White, and Baldwin 2000 (17), Stone, Stone, and
Sands 2007 (79), and Conley 2000 (20).
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the muscular stores of ATP occurs very rapidly, and PCr must be used to maintain
the supply of energy. Within 10 s of the initiation of high-intensity exercise, the
ability of PCr to maintain ATP supply is decreased by 50%, and by 30 s PCr contrib-
utes very little to ATP supply (53). Therefore, as the exercise in this intensity zone
extends from 10 to 30 s in duration, the reliance on blood glucose and muscular
stores of glycogen progressively increases (53). Because of the increasing reliance
on fast glycolysis, there can be a substantial increase in lactic acid accumulation
depending on the duration and intensity of the exercise bout (53, 79). As a result
of the increased lactic acid production, a substantial EPOC can occur as a result
of exercise in this intensity zone.

* Intensity zone 3: Activities that last from 30 s to 2 min (e.g., 400 m run, 800
m run, 1 km in track cycling) are considered moderately high-intensity activities.
These activities rely predominantly on anaerobic energy supply, specifically the
fast and slow glycolytic systems. As an activity’s duration shifts from 30 s toward
2 min, activation of the slow glycolytic system increases. With the activities in this
zone, speed and high-intensity exercise endurance (HIEE) are of primary con-
cern. Depending on the duration and intensity of these activities, a large amount
of lactic acid is produced in response to the metabolic challenge encountered
(53). The most likely limiters of performance in this intensity zone are decreases
in muscular stores of ATP, PCr, and muscle glycogen. The accumulation of lactic
acid may also limit performance (79).

Neil Tingle/Action Plus/Icon SMI

Knowing what intensity zone your activity falls in can help you better understand what systems
your body uses to provide energy for competition.
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* Intensity zone 4: The fourth zone of intensity includes activities that last 2 to
3 min. The intensity in this zone is considered to be moderate and relies on a mix
of slow glycolysis and oxidative metabolism. When an exercise reaches this zone
of intensity, the body’s energy supply begins to shift from reliance on anaerobic
mechanisms to reliance on aerobic means. Most of the activities classified in this
zone rely evenly on both the anaerobic and aerobic energy systems.

* Intensity zone S: Activities in this zone last from 3 to 30 min (e.g., pursuit
cycling, team pursuit, 2,000 m rowing, 1,500 m run, 400 m individual medley).
Activities in this zone of intensity rely predominantly on the aerobic energy system
and are thus of moderately low intensity. A strong cardiovascular system is essen-
tial for success in activities in this intensity zone, because oxygen supply plays a
crucial role in the oxidative pathway’s ability to supply energy (20). Events in this
zone, especially the longer events, appear to require pacing strategies to maximize
performance (79). In these events, the supply of energy (e.g., muscle and liver gly-
cogen, fat stores) is the primary limiter of performance (79).

* Intensity zone 6: The final zone consists of the activities that are classified
as low intensity because of their predominant reliance on oxidative metabolism
(e.g., marathon, triathlon, road racing in cycling) (79). Conley (21) reported that
power output at VO, max is about 25% to 35% of the peak power output achieved
during maximal anaerobic exercise. Success in these activities relies on a strong
cardiovascular system and optimal energy supply via the oxidative system. Fac-
tors that can limit performance in these activities center on energy supply. As the
activity increases in duration, there is a progressive decrease in the availability of
muscle glycogen, which ultimately leads to a decrease in blood glucose levels and
an increased reliance on fat stores (53). As glycogen stores become depleted, it is
increasingly difficult to maintain exercise intensity; therefore, the consumption
of carbohydrates during exercise appears to be important to maintain perfor-
mance.

When working with endurance athletes (22, 28, 66) or team sports athletes (13, 33,
76), coaches should consider using the heart rate response as an indicator of intensity.
Heart rate increases linearly as both workload and oxygen consumption increase
(54, 66). Because of this tight relationship, heart rate has become a popular way of
quantifying exercise intensity in aerobic exercise. To maximize the effectiveness of
heart rate-based training, a graded exercise test should be used to determine the
athlete’s maximal heart rate, anaerobic or lactate threshold, and VOZmaX. Although
not as accurate as a graded exercise test, an age-predicted maximum can be used to
estimate the athlete’s maximal heart rate (66).

Maximum heart rate = 220 - age

Once the maximal heart rate is determined, heart rate training zones can be estab-
lished on which to base training (tables 4.3 and 4.4). Faria and colleagues (26) sug-
gested that the individual anaerobic threshold (IAS) is a crucial marker that can be
used to determine basic and evolution heart rate training ranges (table 4.5). The basic
training zone is used to stimulate increases in aerobic fitness, whereas the evolution
zone is used to improve lactate tolerance (26). The basic training zone is calculated
as the IAS - 50 beats per minute through the IAS - 30 beats per minute. Thus for
an athlete with an IAS of 170, the basic zone would be 120 to 140 beats per minute.
The evolution training zone is calculated as the IAS - S beats per minute through
the IAS + S beats per minute. For example, an athlete with an IAS of 170 would have
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an evolution training zone of 165 to 175 beats per minute. Faria and colleagues (26)
suggested that the evolution zone be used after a period of basic training and closer

to competition.

In the sport of cycling you can also quantify intensity based on the measurement
of power output (11, 40). When using a power-based training plan, the athlete must
first determine her functional threshold, which is calculated by subtracting 5% from
the average power achieved during a 20 min time trial performed on a flat surface
(11). Once this is accomplished, seven distinct training zones can be established and
used to develop a training plan (table 4.6).

Table 4.3 Australian Institute of Sport Heart Rate Training Zones for

Male Cyclists
Heart rate (% heart rate
Training zones maximum) Perceived exertion
Endurance 1 <75 Recovery, easy
Endurance 2 75-85 Comfortable
Endurance 3 85-92 Uncomfortable
Endurance 4 >92 Stressful

Adapted, by permission, from N. Craig et al., 2000, Protocols for the physiological assessment of high-
performance track, road, and mountain cyclists. In Physiological tests for elite athletes, edited by C.J. Gore
(Champaign, IL: Human Kinetics), 258-277.

Table 4.4 USA Cycling Heart Rate Training Zones for Cyclists

Heart rate (% heart rate
Training zones maximum) Description of training
1 <65 Recovery ride (easy)
2 66-72 Basic endurance training
3 73-80 Tempo training
4 84-90 Anaerobic threshold training
5 91-100 Maximal efforts

Courtesy USA Cycling.

Table 4.5 Heart Rate Training Zones Based on Individual Anaerobic

Threshold
Training zones Low end High end
Basic training zone HR (IAS) — 50 HR (IAS) — 30
Evolution HR (IAS) -5 HR (IAS) + 5
training zone
Example
Basic training zone 120 140 HR (IAS) = 170
Evolution 165 175
training zone

Note: HR = heart rate; IAS = individual anaerobic threshold.
Adapted from Faria, Parker, and Faria 2005 (26).
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Table 4.6 Power Based Training Zones for Cycling
EXAMPLE
PERCENTAGES | CALCULATIONS**
Training Average Heart Average Average
Zone Zone Name Average Power* Rate* Power Heart Rate
1 Active recovery | <55% <68% <124 <121
2 Endurance 56-75% 69-83% 126-129 123-148
3 Tempo 76-90% 84-94% 171-203 150-167
4 Lactate 91-105% 95-105% 205-236 169-187
threshold
5 VO,max 106-120% >106% 239-270 >187
Anaerobic 121-150% N/A 272-337 N/A
capacity
7 Neuromuscular | N/A N/A N/A N/A
power

Based on Allen and Coggan 2006 (11).
* Based off of the functional threshold (average power for a 20 minute time trial—5%).
** Based off of a functional threshold average power of 225 and threshold heart rate of 178.

High intensities of training result in rapid progress but lead to less stable adapta-
tion, a lower degree of consistency, a greater incidence of high-intensity overtraining,
and a plateau in performance. Conversely, low-level training loads result in slower
development and minimal stimulus for physiological adaptation, which correspond
to a lower but more consistent performance. The training plan should systematically
alter volume and intensity to maximize the physiological and performance adapta-
tions stimulated by training.

There are two types of intensities: absolute intensity, which corresponds to the per-
centage of maximum necessary to perform the exercise, and relative intensity, which
measures the intensity of a training session or microcycle, given the absolute intensity
and the total volume of work performed in that period.

RELATIONSHIP BETWEEN VOLUME
AND INTENSITY

Fundamental to the training process is the trade-off between volume and intensity
(79). The interaction of these variables is the foundation for periodized training plans
because of their specific effects on physiological and performance adaptations (60).
Periodization of training attempts to target performance outcomes by manipulating
both volume and intensity of training in a fluctuating fashion (79). The volume and
intensity of training are inversely related in most instances. For example, when the
intensity of training is the highest, the volume is generally low. Different physiological
and performance adaptations can be stimulated by shifting the relative emphasis on
these components in training. However, because training entails both a quantity and
a quality, it is impractical to consider volume and intensity separately because the
work accomplished is considered a good indicator of training stress (79). The greater
the workload (e.g., the higher the intensity of training and the longer it is maintained)
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the greater the physiological stress as indicated by decreases in energetic substrates
(e.g., muscle glycogen and PCr), increases in hormonal disturbances (e.g., cortisol
release), and increases in neuromuscular fatigue.

High workloads develop endurance, create a work capacity base, establish the
duration and stability of corresponding training effects, and serve as a foundation
for intense efforts that are involved in special and technical preparation (79). Many
strategies can be used to increase workload: (a) increasing the number of repetitions
per set or increasing the distance with a corresponding decrease in intensity; (b)
increasing the number of sets, exercises, or both; and (c) manipulating the density
of training (e.g., frequency of training within the microcycle or training day). A
good example of using these methods to increase workload can be seen in long-
distance swimming. In the preparatory phase of training, the swimmer can increase
the training volume by increasing the number, length, or distance of intervals used
in training or increasing the load density (e.g., increasing the frequency of high-
volume training) (62). To increase training volume, a decrease in training intensity
will most likely occur. However, this low-intensity, high-volume training will serve
as the base on which higher-intensity work will be built (62, 79).

The relationship between volume and intensity of training varies markedly
throughout a training year depending on the focus of the phase of the annual plan
(figure 4.2). With many sporting activities, these fluctuations in training can include
alterations in time or emphasis on technical, tactical, and physical training. In the

80,000 — 140
’ I Volume load
-=—o==TI
70,000 120
60,000
~ 100
50,000
()]
—_ =
g oS
o ‘D
3 40,000 8
o IS
5 E
o] 60 €
- S
30,000 =
40
20,000
10,000 20
0 0

Weeks

Figure 4.2 Example of fluctuations in training volume and intensity for a master’s weightlifter.

Note: Volume is represented as the volume load (repetitions X sets X resistance in kg) and Tl represents the average
training intensity in kilograms.
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preparatory phase of training, the emphasis in the early portion of the phase is on
developing a physical training base with the use of high workloads. High workloads
are accomplished via an increase in training volume with a concomitant decrease
in training intensity. As the athlete progresses through this phase of training,
the volume of physical training will progressively decrease as the training intensity
increases. At the same time, more emphasis will be placed on tactical and technical
training. When the workload is very high, the athlete’s preparedness decreases as a
result of cumulative fatigue (65, 79, 81, 82). If the athlete continually undergoes high
volumes of training, performance will not be optimized even though fitness increases.
However, if training intensity is not increased, the athlete will continually train at
intensities below those needed for competition. Thus, to elevate performance the
workload has to be decreased while intensity is increased, which ultimately increases
performance. Therefore, it is important to consider the relationship between train-
ing volume and intensity in the context of the emphasis of each phase of the annual
training plan.

Determining the optimal workload, which entails combinations of training volume
and intensity, is a complex task that depends on many factors including the specifics
of the sport, the phase of the annual training plan, and the athlete’s level of devel-
opment. It is much easier to quantify volume and intensity with sports that can be
assessed objectively. In weightlifting, for example, it is relatively easy to determine the
volume of training (e.g., multiply the sets by repetitions and resistance) and training
intensity (e.g., volume load divided by total repetitions, or percentage of maximum
capacity). In many team sports and sports like gymnastics, it is much more difficult
to quantify these variables. One strategy is to use the total number of actions, ele-
ments, repetitions, and distances covered to determine volume. Another possibility
is to quantify the duration of a training session or the number of repetitions of a
skill to quantify volume. In these sports, the velocity or speed at which the athlete
performs the activities of training or the average heart rate may be used to quantify
the intensity of training.

Dynamics of Increasing Volume and Intensity

The amount of work that international-class athletes perform has increased mark-
edly over the past 3 to 5 decades (6, 28). This marked increase in workload has been
accomplished via an increase in training density, individual training session volume,
and microcycle volume, all of which contribute to markedly greater training loads
for the yearly training plan. Contemporary athletes often increase their training load
by increasing training density, where training is undertaken frequently during the
microcycle (8-12 sessions per week), typically with multiple (e.g., two to eight) train-
ing sessions being used in the same day (24, 34, 37, 42, 82, 83). Although distinct
physiological and performance benefits can occur from increasing the density of
training (35, 63, 82, 83), these increases in training load (volume and intensity) and
density (frequency) must be implemented in a progressive and systematic fashion
(chapter 2).

As the athlete becomes more trained, a workload that previously was considered a
stimulating load (a training load high enough to induce physiological changes) is now
a retaining load (a load that maintains physiological adaptations) or a detraining load
(a load that is not high enough to maintain physiological adaptations and a loss of
physiological adaptations occurs) (82, 83) (figure 4.3). For example, a novice athlete
may optimize strength gains from a strength program with 3 days of training per week
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Detraining load Retainingload |  Stimulating load

/ Detraining load : Retaining load : Stimulating load

Level of athlete development

Novice athlete | Trained athlete | Elite athlete|

Detraining load : Retaining load

Stimulating load

Training load

Figure 4.3 Theoretical comparison of training loads and level of athlete development. A detrain-
ing load is a suboptimal load that results in a loss of physiological adaptation. A retaining load
results in maintenance of physiological adaptation. A stimulating load results in an increase in
physiological adaptations.

Adapted from Zatsiorsky 1995 (82) and Zatsiorsky and Kraemer 2006 (83).

(63,67), whereas a more advanced athlete may require more frequent (e.g., four to eight
sessions per week) resistance training sessions to maximize the training stimulus. As
the athlete becomes more developed she will need greater training variation, which
comes from increases in training load (volume and intensity), density of training,
and periodic changes in exercises or activities. These alterations in the training load
should not be sudden, unless one is using planned overreaching or concentrated
loading strategies (65, 69, 79). As the athlete becomes more trained and her work
capacity increases, she should periodically increase the training load in a nonlinear
fashion. Coaches need to be extremely careful when attempting to increase training
load because most training plans entail a delay in training adaptations.

When attempting to increase training load via alterations of volume and intensity,
the coach can consider several example strategies.

Strategies for altering the volume of training:

* Increase the duration of the training session. This can be a useful strategy when
working with endurance athletes. For example, if the athlete is performing three
sessions of 60 min duration, an increase in volume could be accomplished by
increasing some of the training sessions to 90 min. This way the athlete’s train-
ing volume progressively increases over time.

* Increase the density of training (i.e., frequency or number of training sessions) per
week. If, for example, the athlete is performing three sessions per week, an increase
to S days per week would increase the training density. Another possibility is to
increase the number of sessions in the training day. For example, if the athlete
is training 3 days per week, he could maintain a 3 day a week training plan but
now include two sessions per day, for a total of six training sessions per week.

* Increase the number of repetitions, sets, drills, or technical elements per train-
ing session.

* Increase the distance traveled or the duration per repetition or drill.
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Strategies for altering the intensity of training:

* Increase the velocity of movement over a given distance or the quickness or tempo
of performing tactical drills.

* Increase the load (i.e., resistance or weight) in strength training.
* Increase the power output of the training activity.
* Decrease the rest interval between repetitions or tactical drills.

* Require the athlete to perform endurance, interval, or tactical work at a higher
percentage of maximal heart rate.

* Increase the number of competitions in the training phase only if this fits into the
training plan for the athlete and does not impede the athlete’s development.

Many factors are involved in the dynamics of intensity used in training. Three

factors are often talked about: (a) the characteristics of the sport, (b) the training or
competitive environment, and (c) the athlete’s performance level.

* Characteristics of the Sport: Each sporting activity stimulates distinct physi-
ological adaptations (7, 8, 59). In sports where maximal speed, strength, or power
(e.g., weightlifting, throwing, sprinting) is of primary importance, the resultant
physiological stress is considered to be high in response to the activity’s reliance on
anaerobic energy supply. Conversely, in endurance sports (e.g., running, distance
cycling, triathlon), the intensity is considered to be low as a result of the lower
power outputs encountered and the reliance on aerobic energy supply (21, 79).
The intensity of sporting activities that rely on technical mastery (e.g., gymnas-
tics, diving, synchronized swimming) is determined by looking at the degree of
difficulty of the individual skills performed and the predominant energy supply
system. In most instances, these activities rely heavily on the anaerobic energy
systems and require high power outputs or quick movements. Therefore, most of
these activities fall on the high end of the intensity spectrum. The classification
of team sports is often difficult because of the fluid changes in intensity that can
occur. Most team sports should be considered high intensity as a result of their
reliance on anaerobic energy supply (see table 1.2 on p. 28 for a summary of sport-
ing activities and their primary energy suppliers). For any activity, the periodized
training plan should include a variety of intensities because systematic variations
of intensity result in superior physiological adaptations, which ultimately elevate
the athlete’s performance ability.

* Training or Competitive Environment: The training or competitive envi-
ronment significantly affects the intensity of a training session. For example,
running in sand or uphill can significantly increase intensity, which can be seen
in an increase in the heart rate response to the training session. Using drafting
strategies in cycling, running, and skating to decrease drag can significantly affect
intensity. In cycling, for example, drafting behind another cyclist while riding at
39.5 km/hr has been shown to result in an approximately 7.5% reduction in aver-
age heart rate and an approximately 14% reduction in oxygen consumption (VO,)
compared with cycling alone (39). Thus, drafting has the potential to decrease the
intensity of the activity while maintaining a very high speed of movement. Using
aerodynamic devices (e.g., aero-handlebars, disc wheels, skin suits) can reduce the
drag forces encountered in cycling and thus decrease the intensity of cycling at
the same absolute speed (27).
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Running in the sand during training can increase the heart rate response to the
training session; this is an example of the training environment affecting perfor-
mance.

* Preparation of the Athlete’s Performance Level: The athlete’s physical develop-
ment appears to play a very large role in determining the content of the athlete’s
training program. When athletes of different training levels are introduced to
the same training content (e.g., workload), differing physiological responses will
most likely occur because the load represents different intensities of training for
different athletes (see figure 4.3). For example, a training load that is of medium
intensity for an elite athlete may be a supermaximal load for a novice athlete.
Conversely, a medium load for a novice athlete may be a detraining load for an
elite athlete. These contentions support the importance of using individualized
training plans to optimize each athlete’s physiological adaptations and ultimately
her performance.

As suggested previously in this chapter, the heart rate response to training can
be a useful tool for prescribing and evaluating training intensities. Heart rate may
be used to compute the intensity in training as an expression of the total demand
experienced during a training session. The intensity of a training session can be
calculated by using the following series of equations proposed by Iliuta and Dumi-
trescu (41). The first step of this process is to calculate the partial intensity with
the following equation:

HR X 100

HR

max

Partial Intensity =

In this equation, HR  is the heart rate that results from performing the exercise for
which the partial intensity is being calculated, and HR __ is the maximum heart
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rate achieved in performing the activity. Once the partial intensity is established, the
intensity can be calculated with the following equations:

2 (Partial intensity X Volume of exercises)

Overall intensity =
y 2(Volume of exercises)

Another possible use for monitoring heart rate is the concept of training impulse
(TRIMP) (56, 72). TRIMP is the product of training duration and intensity, where
heart rate is multiplied by a nonlinear metabolic adjustment based on the lactate
curve and the training session duration (56) (for complete method of calculation,
see Morton et al. 56). Although the TRIMP method of determining training stress
is useful, its application is limited to aerobic training intensities that result in heart
rates below maximum.

Rating the Volume and Intensity

Because the human body has the ability to adapt to a given training stimulus, actual
performance can be changed in response to the training plan. Additionally, the type
of training undertaken can result in very distinct genetic and molecular adapta-
tions that underlie these performance outcomes (19, 59). To achieve the primary
goal in the development of athletes, which is to maximize performance outcomes
via an appropriate training stimulus, all elements of the training plan must be in
line with the concept of training specificity. Coaches must consider the bioenergetic,
mechanical, and movement characteristics of the sport and target these areas in the
training plan. Furthermore, individualization of the training program is essential
to the success of the plan. The workload should be based on the individual athlete’s
level of development or ability to tolerate training, the phase of the annual plan, and
the ratio between the volume and intensity of training. If the appropriate workload
dosage is implemented, the correct physiological responses will be stimulated and
performance will improve. In training, two classifications of dosages have been
established: external and internal (38, 64).

The external dosage, or load, is a function of the training volume and intensity. The
external load is based on the relationships among the volume, intensity, and density
of the training stimuli. These factors are easily monitored, and the coach and athlete
should keep detailed records of what has been accomplished. The external dosage
elicits the physiological and psychological adaptations that occur as a result of the
training plan. These individual responses are considered the internal dosage, or load,
and are expressed in degree and magnitude of fatigue experienced by the athlete.
The magnitude and intensity of the internal dosage are direct results of the external
dosage that is applied during the training plan.

Application of the same external dosage does not always result in the same physi-
ological or psychological responses. Internal responses to training are a function
of the individual athlete’s response to the applied external dosage. Therefore, the
internal response can only be estimated in general terms. The internal response is
best tracked by using training logs or diaries and periodic physiological and psycho-
logical testing (79).

Relationship Between Volume and Adaptation

The implementation of a well-structured training plan results in very specific physi-
ological and psychological adaptations that alter the athlete’s performance capacity
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(65, 72, 79). These adaptations are related to many factors, including the genetic
endowment, health status, and training history of the athlete (72). The training
plan is a key factor in determining performance outcomes, because training inten-
sity, volume, and density all play a significant role in modulating the physiological
adaptations that are central to performance (19, 72, 80). Of particular interest is the
relationship between the dosage of training and these adaptations.

The physiological systems must be progressively overloaded to induce the adap-
tations necessary to improve performance. For example, a high volume of work
performed by highly trained endurance athletes at a low intensity does not appear
to significantly improve performance or related physiological adaptations (46). A
higher work volume or intensity of work is necessary for continued adaptations to
occur (16, 38, 46, 64). In another example, the volume load (i.e., volume load = sets X
repetitions X resistance in kg) of training encountered in a strength training plan
is strongly related to the muscular adaptations that occur in response to training.
Frobdse and colleagues (30) offer evidence that the greater the volume load of train-
ing, the greater the stimulus for muscular growth and adaptation, which ultimately
could have a profound effect on performance.

If the work volume, training volume, or training intensity is elevated too sharply or
exceeds the athlete’s work capacity, a maladaptive response can occur that can result
in overtraining (see chapter 5) (31, 32, 77). If this situation occurs, performance can
stagnate or even decline in response to the overtraining syndrome induced by the
misapplied training stimulus. The training plan must include variations in intensity,
volume, and density so the athlete alternates between stimulation and regeneration
(i.e., work and rest).

The positive adaptation to a training stimulus increases the training stimulus
required by the athlete in training. This increased demand for training stimulus
occurs as a result of physiological adaptations that allow the athlete to tolerate
greater training loads. Therefore, if the same training load is encountered again,
significantly less physiological disturbance occurs, resulting in significantly less
physiological adaptation. To continue to stimulate appropriate physiological adapta-
tions, the external dosage or workload must be progressively increased, as suggested
by the theory of progressive overload (29, 79). Furthermore, if the training load is
substantially reduced, the training effect is diminished and an involution phase
results. Although a reduction in workload is necessary when the athlete is attempt-
ing to dissipate fatigue, recover, or peak for a competition, remaining in periods of
subthreshold training for too long will result in a loss of physiological adaptations
and ultimately performance capacity as a result of detraining (57, 58). During the
annual plan if the transition phase is too long and contains passive recovery instead
of active recovery, many if not all of the adaptations stimulated by the preparatory
and competitive phases of training will be lost.

DENSITY

The density of training can be defined as the frequency or distribution of training
sessions (79) or the frequency at which an athlete performs a series of repetitions of
work per unit of time (15). The density of training can be thought of as a relationship
that is expressed in units of time between working and recovery phases of training.
Thus, the greater the density of training, the shorter the recovery time between work-
ing phases of training. When increasing the density of training, the athlete and coach
must establish a balance between work and recovery to avoid inducing excessive levels
of fatigue or exhaustion, which can lead to overtraining,
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Itisvery difficult to calculate the optimal amount of time needed between multiple
training sessions (e.g., within the training day or microcycle) because many factors can
contribute to the athlete’s rate of recovery (see chapter 5). The intensity and volume
of training encountered within the training session plays a major role in determin-
ing the amount of time needed before another training session is undertaken (79,
82). The greater the workload (i.e., intensity and volume) of the training session, the
greater the amount of time needed to recover before preparedness or performance
capacity is restored (82, 83). Additionally, the training status of the athlete (82, 83),
chronological age of the athlete (23, 45, 71), nutritional interventions used by the
athlete (18), and the use of recovery interventions (12, 55) can all affect her ability to
recover from training bouts (see chapter 5 for more information). Complete recovery
from a training session is not needed before the next training session. A common
strategy is to increase the density of training and promote recovery by using training
sessions of differing workloads within the training day or microcycle.

Two methods are commonly used to optimize the work-to-rest interval during
endurance or interval-based training: (a) fixed work-to-recovery ratios (14,47, 48,73,
75) and (b) recovery durations that require heart rate to return to a predetermined
percentage of maximum (9, 47, 48, 70).

* Fixed Work-to-Recovery Ratios: Several researchers have used fixed work-to-
rest ratios when studying interval-based training (14, 47, 73, 75). By manipulating
the work-to-rest interval, the coach and athlete can design a training plan that
targets specific bioenergetic adaptations (20) (table 4.7). Work-to-rest ratios of 1:1
or 2:1 target the development of endurance characteristics, whereas ratios of 1:12
or 1:20 target strength- and power-generating characteristics.

* Predetermined Heart Rate: Another method for determining the length of the
recovery period is to establish a heart rate that must be achieved prior to performing
another work bout (9, 47, 70). One method of using this technique is to set a heart
rate range of 120 to 130 beats/min as the cutoff for the initiation of the next work
bout (9, 70). A second method is to set the recovery period as the time it takes the
athlete’s heart rate to return to 65% of maximum (47, 48).

Computing the density of a training session can be accomplished by calculating
whatis termed the relative density. The relative density is the percentage of work volume
the athlete performs compared with the total volume within the training session. The
relative density equation is as follows:

Absolute volume X 100
Relative volume

Relative density =
The absolute volume is represented by the total volume of work that the individual
performs, whereas the relative volume represents the total amount of time (duration)

for a training session. Let say that the absolute volume of training is 102 min and

Table 4.7 Work-to-Rest Intervals and Bioenergetic Specificity

Targeted energy system Average work time (s) | Work-to-rest ratio
ATP-PC 5-10 1:12-1:20

Fast glycolysis 15-30 1:3-1:5

Fast and slow glycolysis and oxidative metabolism | 60-180 1:3-1:4

Oxidative metabolism >180 2:1-1:3

Adapted, by permission, from NSCA, 2000, Bioenergetics of Exercise Training, by M. Conley. In Essentials of strength
training and conditioning, edited by T.R. Baechle and R.W. Earle (Champaign, IL: Human Kinetics) 78.
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the relative volume is 120 min; the relative density of the training session would be
calculated as follows:
. 102X 100 _ o
Relative density 120 85%

This calculated percentage suggests that the athlete worked 85% of the time. Although
the relative density has some value to the athlete and coach, the absolute density of
training is more important. The absolute density can be defined as the ratio between
the effective work an athlete performs and the absolute volume. The absolute density
or effective work is calculated by subtracting the volume of rest intervals from the
absolute volume using the following equation:

(Absolute volume - Volume of rest intervals) X 100
Absolute volume

Absolute density =

Let’s say that the volume of rest intervals is 26 min and the absolute load is 102 min.
The absolute density would then be calculated as follows:

(102 - 26) X 100

102 =74.5%

Absolute density =

These calculations indicate that the absolute density of training was 74.5%. Because
training density is a factor of intensity, the index of absolute density could be consid-
ered medium intensity (see table 4.1). Determining the relative and absolute density
of training can be useful for establishing effective training sessions.

COMPLEXITY

Complexity refers to the degree of sophistication and biomechanical difficulty of
a skill. The performance of more complex skills in training can increase training
intensity. Learning a complex skill may require extra work, in comparison to basic
skills, especially if the athlete possesses inferior neuromuscular coordination or is
not fully concentrating on the acquisition of the skill. Assigning complex skills to
several individuals who have no previous experience with the skill discriminates
quickly between well-conditioned and poorly conditioned athletes. Therefore, the
more complex an exercise or skill, the greater the athlete’s individual differences and
mechanical efficiencies.

The complexity of previously learned skills may impose physiological stress even
though the skills have been mastered. For example, Eniseler (25) demonstrated that
heart rate and lactate accumulation are higher with tactical training compared with
technical training in soccer players. In that study, the technical portion of the training
session centered on skill practice without the presence of an opponent. The addition
of an opponent during tactical training significantly increased the complexity of
the drills and thus increased heart rate and lactate production. Additionally, when
simulated games were undertaken, the complexity of the activities increased again,
resulting in a concomitant increase in heart rate and lactate production. The highest
heart rates and lactate levels were seen in actual games. In light of this information,
the coach should consider the physiological stress of the different portions of the
training session in the context of the complexity of the skills or activities used.

INDEX OF OVERALL DEMAND

Volume, intensity, density, and complexity all affect the overall demand an athlete
encounters in training. Although these factors may complement each other, an
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increased emphasis on one factor may cause an increased demand on the athlete if
the emphasis on the other factors is not adjusted. For instance, if the coach intends to
maintain the same demand in training, and the needs of the sport require developing
high-intensity endurance, the volume of training must increase. When increasing the
volume, the coach must consider how this increase will affect the density of training
and how much the intensity of training must be decreased.

The planning and direction of training are the primary functions of manipula-
tions of volume, intensity, and complexity. The coach must guide the evolution of
the curve of these components, especially volume and intensity, in direct relationship
with the athlete’s index of adaptation, phase of training, and competition schedule.
The appropriate integration of these factors in the annual training plan will enhance
the athlete’s ability to peak at the appropriate times, thus resulting in optimal per-
formances at these times.

The overall demand of a training plan can be calculated with the index of overall
demand (IOD) (41). The IOD can be calculated with the equation proposed by Iliuta
and Dumitrescu (41):

OI X AD X AV

Index of overall demand = 10,000

For example, say the OI (overall intensity) is 63.8%, the AD (absolute density) is 74.5%,
and the AV (absolute volume) is 102 min. The OI, AD, and AV can be substituted into
the IOD equation as follows:

63.8% X 74.5% X 102

Index of overall demand = 10, 000 =48.5

In this example, the IOD of training is very low, slightly less than 50%.

SUMMARY OF MAJOR CONCEPTS

The amount of work encountered in training is a key variable in the success of a
training plan. A large amount of work that encompasses and integrates physical,
technical, and tactical training is essential to stimulate the physiological adaptations
that serve as the foundation for improvements in athletic performance. The applica-
tion of workload should be individualized because each athlete has a tolerance to the
volume, intensity, and density of training.

The workload encountered in training has progressively increased over the past
50 years, with athletes now undertaking multiple training sessions a day and accu-
mulating many hours of training within the microcycle. Athletes must progressively
increase their training volume, intensity, and density across their athletic careers. If
these factors are increased too sharply or too soon, overtraining likely will occur.
Thus, an athlete’s increase in workload should be individualized and progressive.

The coach must monitor training loads and performance measures to determine
the effectiveness of the training plan. The coach should quantify the density of a
training session or complexity of the skills practiced to account for the workload in
tactical and technical training. One useful tool that has gained popularity in many
sports (e.g., soccer, rugby) is heart rate monitoring, which is used to quantify train-
ing and competitive intensities. The coach should monitor factors that increase the
workload or training stress and coordinate them with recovery and restoration. The
coach also should consider restoration techniques and the time needed to restore
energy stores (see chapter 5 for more information).



CHAPTER

REST AND RECOVERY

thletes, especially elite athletes, lead very demandinglives, undergoing rigorous

training regimes that push their physiological and psychological boundaries.

Athletes also experience professional and social stressors, which compound
the stressors typically associated with training. To maximize adaptations to training,
the athlete must strike a balance between training, competition, and recovery. This
can be accomplished through a balanced lifestyle in which training, social life, and
recovery are held in check.

Achieving balance between training and competition stressors and recovery or
restoration is of paramount importance in the maximization of an athlete’s pre-
paredness. When preparing an athlete for training or competition, the coach must
consider how preparedness is affected by the relationship between fitness and fatigue
(figure 5.1). When an athlete undertakes large volumes of training or trains at very
high intensities, fitness will increase but fatigue will also increase, which can reduce
preparedness. If the athlete can dissipate fatigue while maintaining fitness, her pre-
paredness and ultimately athletic performance will improve.

The best way to increase an athlete’s preparedness is to induce restoration and
adaptation by implementing a properly designed periodized training program that
uses logical variations in volume, intensity, and exercise selection. By including
appropriate variation in the training regime, the athlete will have periods of reduced
training volume, reduced training intensity, and complete rest, all of which dissipate
fatigue, induce adaptations, and increase the athlete’s preparedness to perform at a
high level.

Many athletes, especially elite athletes, undergo rigorous, periodized training
schedules that include multiple training sessions per day, but many other stressors
can convene to increase an athlete’s fatigue. Coupled with the high levels of train-
ing stress experienced by athletes, social stressors can compound the development
of high levels of fatigue (figure 5.2), which impairs the athlete’s development and
ultimately performance.

The athlete may consider including specific restoration techniques as part of the
periodized training regime in an attempt to speed recovery. If the athlete is able to
enhance the recovery process, she may be able to tolerate greater training loads or
maximize the training effects of a given training load, both of which can lead to
higher levels of athletic performance (6). When an athlete must undergo multiple
competitions during a very short time, the use of interventions that are specifically
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Adapted from Stone, Stone, and Sands 2007 (151) and Zatsiorsky and Kraemer 2006

(181).
Training
Nutrition and supplementation

Sleep \ / TraVeI
Recovery or adaptation
\ Employment or school

Social Iife
Environmental factors / Psychological factors

Physiological
factors

Recovery interventions

Genetics
Figure 5.2 Factors that affect recovery and adaptation to training
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training (Champaign, IL: Human Kinetics), 203
designed to induce restoration and adaptation may be warranted. The athlete and
coach should consider including structured recovery sessions as part of the athlete’s
regular training and postcompetition regime (6). To properly implement recovery

strategies, the athlete and coach need to be familiar with recovery techniques and

how they may be best integrated into the periodized training plan
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FATIGUE AND OVERTRAINING

Fatigue falls into two groups: acute and chronic fatigue (151). Acute fatigue appears
to be very specific to the task being undertaken (73) and has been associated with a
breakdown in excitation coupling (147), changes in the intra- and extracellular Ca*
concentration (2, 147), an increase in inorganic phosphates (171), and low glycogen-
induced reductions in excitation coupling and Ca** cycling regulation of the sarco-
plasmic reticulum (5, 27, 92). The rate of recovery from acute fatigue can be affected
by the type of training and the muscle fiber type of the athlete (141).

Chronic fatigue occurs from the convergence of physical and psychological stress,
which creates a scenario in which the athlete is unable to recover from the train-
ing stimulus. The resultant decrease in performance, which can be associated with
reductions in force production and rate of force development, also may be associated
with a decrease in energy stores (142), hormonal alterations (23, 151), alterations to
the Ca*"-handling abilities of the sarcoplasmic reticulum (97), and neural fatigue
(99). As chronic fatigue is manifested, the ability to recover from training stressors
is decreased, ultimately decreasing the athlete’s adaptation to training (151).

Each training session has the potential to induce symptoms of fatigue. Typically
the athlete is able to recover and adapt to a training bout in a relatively short period
of time (107). However, when high-volume or high-intensity training is undertaken
for a microcycle, one might consider this to be an overreaching or concentrated
loading phase of training. If this phase of high-volume or high-intensity training
is extended for a long period of time, chronic fatigue likely will be induced and can
lead to overtraining (figure 5.3).

Overreaching

Overreaching is a short-term decrement in performance capacity that occurs as a
result of an accumulation of fatigue resulting from training and nontraining stres-
sors (84). Overreaching usually occurs without the physiological and psychological

Fatigue Increasing state of fatigue
Training Continual intensified training with inappropriate recovery
Symptoms Increasing severity of symptoms

A fati verreachin vertrainin
Outcome cute fatigue Overreaching Overtraining

Functional Nonfunctional

Recovery Day(s) Days—weeks | Weeks—months | Months ——?
Performance Increase Temporary decrease Decg?:%gr no Decrease

Figure 5.3 Continuum of overtraining.
Adapted from Meeusen et al. 2006 (107) and Halson and Jeukendrup 2004 (57).
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signs and symptoms of overtraining. Restoration of performance decrements caused
by acute periods of overreaching can require several days to weeks (57, 84). Over-
reaching is most often planned as part of the periodized training program. After
the segment of overreaching, a period of unloading or return to normal training
occurs, thus potentiating a supercompensation of performance after several weeks
(85). A delayed increase or supercompensation of performance usually occurs 2 to
5 weeks after the cessation of an overreaching phase of training (151). Meeusen and
colleagues (107) further subdivided overreaching into two classifications, functional
and nonfunctional. Functional overreaching stimulates physiological adaptations,
which compensate for training-related stress; recovery can take days to weeks depend-
ing on the stimulus. Nonfunctional overreaching occurs when intensified training
is continued and results in the stagnation or decreases in performance that would
require longer recovery times. When nonfunctional overreaching is continued for a
long period of time, the athlete eventually reaches a state of overtraining (57).

Overtraining

Overtraining is a long-term decrement in performance capacity that occurs as a
result of an accumulation of training and nontraining stressors (84). Overtraining
is associated with physiological and psychological signs of maladaptation such as
alterations or disturbances in neural function, motor unit recruitment, hormone
concentrations, excitation-contraction coupling, muscle glycogen stores, resting
heart rate and blood pressure, immune function, sleep patterns, and mood (57, 151).
Whereas a relatively short amount of time is necessary to restore performance after
overreaching, the complete restoration of performance after overtraining can take
several weeks to months (107). Overtraining can be subdivided into monotonous
training and overwork (149). Overtraining that is induced by monotonous training
can result in a plateau or decline in performance as a result of overadaptation of the
central nervous system to the use of nonvarying motor patterns (149, 151). Conversely,
chronic overwork can occur when an increased training volume or intensity is sus-
tained for too long or repeated too frequently, thus overwhelming the athlete’s ability
to adapt to the training stimuli (149). Chronic overwork can result in sympathetic
overwork or parasympathetic overwork. Sympathetic overwork might be considered
a prolonged stress response, whereas parasympathetic overwork is an advanced stage
of overtraining in which the neuroendocrine system is compromised (149). Often it
is very difficult to delineate between sympathetic and parasympathetic overwork
because the symptoms sometimes overlap (table 5.1).

Both volume and intensity of training can induce an overtraining stimulus (47).
If, for example, a strength and power athlete goes to maximum too frequently in
training (49) or an endurance athlete performs too much training volume (95), over-
training can be stimulated. The signs and symptoms of overtraining are much more
severe than those seen in overreaching (57) and appear to increase with increases in
intensity and volume of training (149).

Monitoring and Preventing Overtraining

Approximately 7% to 20% of elite athletes demonstrate symptoms of overtraining
(102). There is no established, reliable marker for identifying overtraining, because a
plethora of factors contribute to its occurrence (50, 66, 68, 94, 102). Although the best
method for preventing overtraining is to use scientifically based training principles,
such as periodization, the athlete also will benefit from comprehensive assessments
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Table 5.1

Parasympathetic Overwork

Sympathetic

Sports and Symptoms Associated With Sympathetic and

Parasympathetic

Sports

Psychological
manifestations

Appetite

Cardiovascular
parameters

Endocrine
system

Miscellaneous

Fatigue

Performance

Team sports, strength and power sports

U motivation
T irritability
T depression

U

il resting, exercise, and recovery heart rate
) resting, exercise, and recovery blood
pressure

T ECG abnormalities

T cortisol concentration

U testosterone concentration

U testosterone/cortisol ratio

T catecholamine concentration

T postexercise hormonal recovery time

U muscle and liver glycogen stores
Variable exercise-induced lactate
responses

Chronic

le

Endurance sports

T listiessness
T depression
T sleeping

=4

T resting bradycardia

| & exercise heart rate

T < postexercise heart rate recovery

Il & blood pressure response to exercise

U responsiveness to stressors

T hypoglycemia during exercise
U exercise and postexercise lactate
concentrations

T

le

Note: T = increased, | = decreased, < = no change; ECG = electrocardiograph.

Adapted from Stone et al. 1988 (148), Fry et al. 1991 (50), Stone et al. 2007 (151), and Mackinnon & Hooper
2000 (102).

of training stress, psychological factors such as mood state, biochemical markers of
stress and recovery, and physiological responses to performance testing (see Steps to
Prevent Overtraining p. 102).

The simplest method for evaluating an athlete is by using a comprehensive training
log (102, 151). Depending on the sport, the athlete can record many different things
in the training log: the volume and intensity of training, quality of sleep, body mass,
resting heart rate, length of training session, rating of mood status, exercise heart
rate, and injuries. The largest problem with training logs is the tediousness of the
process, which often leads athletes to abandon their training logs (151). Computer
technology provides a relatively easy record-keeping process that also allows for faster
analysis of the training log (136).

The first sign that overtraining is a potential problem is an unexplainable stagna-
tion or decrease in training or competitive performance (102, 107). The best way to
monitor this is by using a time-series analysis, which in its simplest form can contain
a graphic depiction of the results of selected performance tests. Performance tests
can include competitive results or sport-specific monitoring tests.

One of the easiest tools to use in evaluating performance is a vertical jump assess-
ment protocol. If the vertical jump test is performed on a force platform, the data
collected can be very precise and yield valuable information on the training status
of the athlete (151) (figure 5.4).

Another simple way to monitor the athlete is by tracking resting, exercise, and
recovery heart rate variability (107, 117). Recent research suggests that monitoring
heart rate during the night is a more accurate indicator of training stress than using
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only resting values (117). Therefore, it
may be warranted for athletes to wear
inexpensive heart rate monitors during
the night to determine their average noc-
turnal heart rate. Nocturnal heart rate
values can be graphed in a time-series
fashion and compared with training
volumes, allowing the coach to detect
overtraining (figure 5.5).

Athletes also can use a series of scales
to evaluate their mood (102) and total
quality of recovery (82). The Profile of
Mood States (POMS) has been used to
identify athletes who are predisposed to
overtraining (8, 67, 121). The total quality
of recovery (TQR) scale is another sub-
jective tool that appears to be useful in
monitoring overtraining (82). This scale
emphasizes the athlete’s perception of
fatigue and recovery, ultimately increas-
ing self-awareness of recovery. Although
both the POMS and the TQR scale are
useful tools, they are probably best
used as part of a comprehensive testing
program that is undertaken across the
different mesocycles of the training plan.

Sample time series graphs for heart
rate and body weight changes can be  Figure 5.4 Vertical jump performed on a portable
found on page 119, while sample graphs  force platform.

Reprinted, by permission, from J.H. Stone, M. Stone, and W.A. Sands, 2007, Principles and

practice of resistance training (Champaign, IL: Human Kinetics), 191.

Overtrained

Untrained

80
Standing Recovery

60— Well trained

Morning heart rate
(beats/min)

20

y

07/

7 Jan. | Feb. | mar. | Apr. [ May [ gune | July [ Aug. |Sept. [ oct. | Nov. | Dec. |
Month

Figure 5.5 Effects of training and overtraining on early morning lying and standing
heart rates.

Adapted from W. Czajkowski, 1982, A simple method to control fatigue in endurance training. In Exercise and
sports biology, international series on sports sciences Vol. 12, edited by P.V. Komi (Champaign, IL: Human
Kinetics), 210. By permission of P. Komi.
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of quality and duration of sleep, sensation of tiredness, willingness to training,
appetite, and muscle soreness can be found on page 122. Coaches and athletes are
encouraged to make their own forms to address individual athlete needs. However a
blank form has been included on page 121 to assist in the monitoring process.

RECOVERY THEORY

Recovery or regeneration is a multifactoral process that requires the coach and
athlete to understand the physiological makeup of the athlete, the physiological
effects of both training and recovery interventions, and the effects of integrating
training and recovery strategies. A coach or athlete who understands these concepts
can apply recovery interventions or training plan modifications to maximize train-
ing outcomes.

Restoration occurs at several different distinct phases: (a) interexercise recovery,
(b) postexercise recovery, and (c) long-term recovery (140, 180).

Interexercise recovery occurs during the exercise bout and relates to the bioenergetics
of the activity being undertaken. Fatigue during an exercise bout is partially related
to the amount of available phosphagens. Muscular adenosine triphosphate (ATP)
concentrations do not decrease by more than 45% in response to intense exercise (1,
65, 81). ATP levels are maintained as a result of the creation of ATP via the phospha-
gen, glycolytic, and oxidative energy systems. To maintain muscle ATP stores, phos-
phocreatine (PCr) can be decreased by 50% to 70% in as little as 5 s of high-intensity
exercise and can be almost completely depleted with very intense exhaustive exercise
(65, 81). Approximately 70% restoration of ATP occurs in about 30 s, whereas 3 to 5
min of recovery is needed to completely resynthesize ATP (70). Approximately 84%
of PCr stores are restored in 2 min, 89% in 4 min, and 100% in 8 min (58, 70, 72).
Phosphagens are replenished mainly via the use of aerobic metabolism (58), but fast
glycolysis can contribute to recovery after high-intensity exercise (42, 58).

Postexerciserecovery occurs after the cessation of exercise and is related to the removal
of metabolic by-products, the replenishment of energy stores, and the initiation of
tissue repair (76, 140). After the cessation of exercise the body does not immediately
return to a resting state. This phenomenon is best illustrated by the elevation in
oxygen consumption known as excess postexercise oxygen consumption (EPOC),
seen in response to a bout of exercise (88). The magnitude and duration of EPOC
are mediated by the physiological disturbance (intensity, duration, or combination)
created by the exercise bout. Thus, the greater the physiological disturbance created,
the larger the EPOC. Mild aerobic exercise results in a markedly smaller EPOC that
reaches preexercise levels within a few minutes to several hours depending on the
duration of exercise. Conversely, high-intensity anaerobic exercise such as resistance
training results in a very large EPOC than can last as long as 38 hr before resting
levels are achieved (88, 106). Several factors are responsible for elevating the amount
of postexercise oxygen consumption: ATP and PCr resynthesis, muscle glycogen
formation from lactate, oxidation of lactate to form energy, restoration of oxygen
content of myoglobin and blood, thermogenic effects of elevated core temperature,
thermogenic effects of hormones, and effects of elevated heart rate, ventilation, and
other physiological functions (105).

Of particular interest to the coach and athlete is the restoration of muscle glycogen
attributable to the link between glycogen metabolism and exercise intensity (32). Both
aerobic and anaerobic exercise can significantly decrease muscle glycogen stores (54,
105). After the cessation of exercise, muscle glycogen restoration is directly related to
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the amount of carbohydrate consumed in the diet (35). If dietary carbohydrate intake
isinadequate, the athlete’s ability to recover from training sessions will decline, pos-
sibly resulting in overtraining (142). Muscle glycogen usually is restored within 20
to 24 hr of recovery (38). If inadequate carbohydrate content is present in the diet or
muscle damage is excessive, muscle glycogen will be resynthesized at a slower rate,
thus increasing the time needed for recovery (34, 35). Athletes do not always have 24
hr to recover before the next training session, competition, or other physical activity
that requires muscle glycogen. Therefore, the athlete must maintain adequate dietary
carbohydrate intake and supplement the diet with carbohydrates in the 2 hr after
exercise to maximize muscle glycogen restoration.

Long-termrecovery thatis part of a well-planned periodized training plan can result
in a supercompensation effect. Long-term recovery culminates with the peaking por-
tion of the periodized training plan. The larger the training stimulus, the greater
the accumulation of fatigue and the development of fitness, which will oppose each
other and thus decrease the athlete’s preparedness (figure 5.1) (151). When the athlete
experiences a sudden increase in training volume or intensity, performance is signifi-
cantly reduced as the result of the accumulation of fatigue (56, 151). If the athlete
then returns to normal training, an increase in performance is noted and in some
instances a supercompensation effect occurs. These effects have been noted in weight-
lifters (48, 148), cyclists (56), track athletes (162), and collegiate throwers (150) who
are undergoing a period of concentrated loading or overreaching phase of training.
The time required for restoration or supercompensation of performance depends on
the magnitude of the concentrated loading phase (figure 5.6). Additional factors that
can delay training effects include the design of the training plan, the training status
of the athlete, the implementation of restorative methods, and dietary intake.

Factors AFFecting Recovery

An athlete’s ability to recover during training, in response to training, or over the
long term can be affected by many factors (figure 5.2).
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Figure 5.6 Delayed training effects of concentrated loading or overreaching.

The black line indicates performance.

Adapted from D.G. Rowbottom, 2000, Periodization of training. In Exercise and sport science,
edited by W.E. Garrett and D.T. Kirkendall (Philadelphia: Lippincott Williams & Wilkins), 499-512.
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Age

Athletes older than 40 may require longer recovery periods after training than younger
athletes. This is partially explained by data indicating that when older individuals
perform intense exercise, especially exercise with large eccentric components, they
require more time to recover their strength than do young people (41, 90) and dem-
onstrate greater amounts of muscle damage (90, 131). Additionally, it appears that
younger athletes (<18 years old) require more recovery between training sessions to
realize adaptations compared with older (18-40) athletes (133). Therefore, the coach
needs to consider the age of the athlete when designing a periodized plan. It may
be warranted to include additional recovery or lower-intensity sessions to facilitate
recovery when working with younger (<18) and older (>40) athletes.

Training Status of the Athlete

Training status affects the athlete’s ability to recover from and adapt to a training
stimulus. Zatsiorsky and Kraemer (181) suggested that the training load of a novice
athlete may be a detraining load for an elite athlete. The beginner or novice athlete
progresses at a much faster rate than his trained counterpart (151). Any reasonable
training program will produce results in a novice athlete. The more experienced athlete
has a much smaller window of adaptation and will require more training variation,
greater training volume, and higher training intensities to create the physiological
disturbance necessary to induce adaptation. The athlete must be able to recover from
these increased training loads, so the coach must incorporate recovery strategies in
the periodized training plan.

Time Zone Shifts

Travel can induce fatigue, which affects athletic performance and training capac-
ity. When athletes travel they can experience what has been termed “jet lag” (128,
167). It is believed that jet lag is caused by a desynchronization between the body’s
circadian system and new local time, which can result in several maladies. Jet lag
has been associated with sleep irregularities, bowel irregularities, loss of appetite,
transient disorientation, decreases in mental performance, decreased motivation,
increased occurrence of headaches, and irritability (167). These symptoms seem to
be exacerbated when many time zones are crossed or when a person flies eastward
(128). Several factors can affect an individual’s response to travel. For example, being
young and fit and having flexible sleeping habits seems to be correlated with a low
incidence of travel-related difficulties (167). Some basic travel recommendations for
athletes can be found in Coping With Travel.

Nutrition

Burke (20) suggested that nutrition plays a part in the recovery from exercise or
competition. Of primary concern is the replenishment of muscle and liver glycogen,
replacement of fluids and electrolytes, and stimulation of the tissue regeneration
and repair.

When carbohydrate content of the diet is inadequate, the rate of glycogen resyn-
thesis is impaired (35). If this scenario is coupled with multiple training sessions in
1 day or across several training days, the depletion of muscle glycogen can result in
fatigue and symptoms of overtraining (143). Therefore, both endurance and strength
and power athletes need to consume adequate carbohydrate to maintain training
intensities. Burke (20) recommended thatathletes consume 7 to 10 g of carbohydrate
(CHO) per kilogram of body mass every day to ensure adequate glycogen storage.
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COPING WITH TRAVEL

Before Travel * Attempt to partially synchronize sleep-

e Search for the most convenient travel wake cycles and mealtimes to those of the
schedule. destination.

¢ Consider travel schedules that include a During Travel
layover of a day or so because this has been * After boarding the plane, change watch to
shown to decrease jet lag. stopover or destination time.

* Minimize the time between proper sleep in * Drink plenty of water.
the country being left and the first proper e Avoid alcohol.
sleep in .the destination country. . R TP em—

* If traveling ea.lst, go Fo bed 1 hr earlier in After Travel
order to partially adjust to the body clock . )
in the right direction. * Adjust sleep-wake schedule as rapidly as

ible.

¢ Iftraveling west, go to bed 1 hr laterin order POS?I € )
to partially adjust to the body clock in the * Avoid alcohol consumption.
right direction. * Avoid long naps.

* Avoid gas-producing foods because gas * Take short power naps (20 min) if neces-
expands during flight. sary.

* When traveling to a competition, plan to * Undertake light-intensity exercise and mod-
arrive at least 1 day early for each time zone erate activity to aid resynchronization.
crossed. * Maintain regular sleep and eating times.

* For flights that cross more than six time
zones, allow 14 days for resynchroniza-
tion.

o\ f.

Adapted from Loat and Rhodes 1989 (101), Reilly and Waterhouse 2005 (129), Reilly and Edwards 2007 (125), Warden 2005 (166),
and Waterhouse et al. 2007 (167).

Dehydration can have a significant negative effect on exercise performance,
gastric emptying and comfort, and cognitive function (20). Thirst is generally not
an adequate indicator of dehydration, so athletes must be conscious of their fluid
intake. Nieman (114) recommended that athletes consume 2 cups (480 ml) of water
immediately prior to exercise, 1 cup (240 ml) every 15 min during exercise, and 2 cups
after the completion of exercise.

Training and nutrition are highly interrelated, and an adequate diet is necessary
to provide the energy needed for rigorous training (59). Additionally, it appears that
nutritional interventions can alter training-induced adaptations and speed recovery
(59, 76). This suggests that including a sound dietary regime as part of the overall
periodized training program is of particular importance especially when optimizing
performance is the primary goal.

RECOVERY INTERVENTIONS
AND MODALITIES

Athletes and coaches can use a vast array of modalities to accelerate the rate of recovery
after training or competition. These modalities include complete rest, massage, cryother-
apy, hydrotherapy, thermotherapy, contrast therapy, nonsteroidal anti-inflammatory
drugs, compression garments, stretching, and dietary interventions. It is also possible
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that combinations of recovery modalities offer the most effective recovery benefits to
the athlete (6, 110). For example, Monedero and Donne (110) demonstrated significantly
greater rates of recovery when athletes performed a combination of active recovery
techniques, followed by massage, compared with only one recovery technique.

Passive Recovery

Passive recovery techniques are the most basic of all the recovery modalities, and
sleep is the main passive recovery technique (175). Sleep has a central role in aiding
recovery of the athlete. When athletes experience acute or chronic sleep disturbances,
both aerobic (15, 111, 118) and anaerobic performance (19, 93, 127, 145) can decrease.
Sleep-induced performance decrements are noted when athletes travel across mul-
tiple time zones and are required to perform shortly after arriving at their destina-
tion. Reilly and Edwards (125) suggested that it takes 2 to 3 days for sleep quality to
return to normal, 3 to 5 days for jet lag symptoms to dissipate, and 6 to 8 days for
performance variables to return to normal. The more time zones that are crossed
during travel, the more time needed for the athlete to return to normal sleep quality
patterns. Adequate sleep appears to be integral in promoting recovery and adapta-
tion to training and optimizing performance in competition or training. Although
sleep requirements appear to vary between S and 10 hr a night for the nonathlete,
athletes usually require greater amounts of sleep (125). Athletes should get 9 to 10
hr of sleep per day, with 80% to 90% of this sleep occurring at night. The remaining
10% to 20% sleep required by athletes can be made up with naps. Brief “power naps”
lasting 10 to 15 min appear to improve alertness and performance (154) without
stimulating sleep inertia, which is a period of postsleep performance impairment.
Although longer naps (>30 min) also have great restorative potential, these have a
greater occurrence of sleep inertia.

Active Recovery

Active recovery, or a warm-down, with light exercise is more efficient in augmenting
postexercise recovery than are passive recovery strategies (110). The most noted effects
of an active recovery performed at intensities less than 50% of VO, max include a sig-
nificant increase in the rate of lactate clearance (104, 110, 126, 152, 168), a smoother
postexercise body temperature decline (123), a dampening of the central nervous
system activity (126), and a reduction in exercise-induced muscle soreness (128).

Researchers have reported that when active recovery is implemented, the typical
performance deficits associated with exercise-induced fatigue are attenuated (108,
110, 128). Mika and colleagues (108) reported that an active recovery that contains
very light physical activity, such as S min of cycling with minimal resistances, results
in a more rapid restoration of maximal force-generating capacity than do passive
recovery strategies. Additionally, Monedero and colleagues (110) suggested that the
implementation of a 20 min active recovery session consisting of cycling at 50% of
VO,max performed between two SK bicycle time trials resulted in significantly less
performance decline compared with a passive recovery strategy. Reilly and Rigby
(128) examined the effects of a 12 min active recovery consisting of light jogging and
stretching on the time course of recovery after a soccer game. Across a 3-day recovery
period, the group that performed active recovery experienced a significantly faster rate
of performance restoration and significant reduction in the onset of muscle soreness
compared with the group that performed a passive recovery.

When researchers have directly compared passive recovery with active recovery
strategies, massage, or other postexercise recovery modalities, they have found that
passive recovery is associated with impairments in performance restoration (110),
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reductions in plasma lactate levels (104, 110, 168), power output during repeated
cycling bouts (14), and maximal force-generating capacity (108).

Although it appears that active recovery is the most appropriate and effective
postexercise recovery intervention, active recovery strategies do have a metabolic cost
that some researchers suggest could impede muscle glycogen resynthesis (28) and
result in a significant decrease in PCr stores (146). It appears that even when postex-
ercise active recovery is coupled with carbohydrate consumption, muscle glycogen
resynthesis rates may be slightly impaired (17) compared with when carbohydrate
and passive recovery strategies are combined.

The current scientific data indicate that active recovery strategies have a great
potential to facilitate postexercise recovery. Although there is limited scientific litera-
ture delineating the optional duration and intensity of an active recovery regime, it
appears thatlight exercise performed for 10 to 20 min at less than 50% of the athlete’s
maximum heart rate (predicted maximum heart rate = 220 - age) (71) followed by
stretching for 10 to 20 min is a prudent postexercise regime.

Massage

Massage has been used around the world for thousands of years as a rehabilitation and
relaxation-inducing tool (169). Many coaches, athletes, and sports medicine profes-
sionals believe that massage can enhance recovery from training, reduce injury risk,
and maintain athletic performance. Classic Western massage or Swedish massage is
the most common type of massage used with athletes (103, 169). Various techniques
are used in this type of massage, depending on the therapist’s experience and clinical
advantage desired.

The effects of massage may be stimulated by more than one mechanism. Weerapong
and colleagues (169) presented a theoretical model that demonstrates how massage
can affect blomechanical, physiological, neurological, and psychological mechanisms
(figure 5.7). However, few empirical data are available to support these mechanisms,
and substantially more research is needed. Recently, more scientific inquiry has
occurred in the area of recovery and restoration techniques.

Mancinelli and colleagues (103) demonstrated that using 17 min of a classic
Western massage protocol as a recovery modality during the preseason preparation
of Division I women volleyball and basketball players resulted in a maintenance of
shuttle run time, a decrease in perceived soreness, and an improvement in vertical
jump performance when compared with a group of athletes who did not receive the
massage treatment. Zainuddin and colleagues (179) reported that 10 min of massage
performed 3 hr after 10 sets of six maximal isokinetic (90°/s) elbow flexions resulted
in a 30% reduction of delayed-onset muscle soreness, a reduction in muscle swelling,
and a significantincrease in the clearance of creatine kinase compared with a passive
recovery situation. Massage also may increase the rate of lactate removal (4), which
may be related to the perception of recovery (62). Although it appears that massage
does offer some benefit, Lane and Wenger (89) suggested that its recovery-inducing
effects are equal to cold-water immersion and active recovery.

Additional support for using massage as a recovery modality comes from literature
suggesting that massage reduces anxiety (96, 170, 182), tension (170), stress (130),
and depression (80); improves mood (170); and increases relaxation (170), sense of
well-being (11), and the perception of recovery (61, 62). Thus, it appears that mas-
sage offers significant psychological effects that may be of particular benefit to the
athlete during recovery.

When implemented as part of a recovery plan, massage can be undertaken before
training or competition (preparatory massage) and after competition or training



110 Periodization

Note: Due to rights limitations, this item has been removed. The material
can be found in its original source.

Figure 5.7 Theoretical model of massage mechanisms. 1 = increase; | = decrease.

From P. Weerapong et al., 2005, “The mechanisms of massage and effects on performance, muscle recovery and injury
prevention,” Sports Medicine 35: 235-256.

(restorative massage) (3, 87, 169). A preparatory massage is generally performed for
15 to 25 min after the completion of a general warm-up and is designed to relax the
body, prevent the body from cooling, and regulate preevent emotions. A restorative
massage can be used after the completion of an event or training session. This type of
massage is initiated 20 to 30 min after cessation of the competition or training session
and can last between 7 and 12 min; a massage that takes place 1 to 2 hr after a highly
fatiguing bout of exercise should last 15 to 20 min (87). If the exercise bout stimulates
great fatigue, massage can be implemented several times throughout the day.

Thermotherapy

Thermotherapy entails various techniques used to heat the body, such as warm water
immersion, saunas, steam baths, warm whirlpools, hydrocollator (hot) packs, par-
affin baths, and infrared lamps (119, 138). Thermotherapy is believed to increase
subcutaneous and cutaneous blood flow as a result of an increase in cardiac output
and a lower peripheral resistance (16, 172, 173). This increase in blood flow increases
cellular, lymphatic, and capillary permeability, which can increase metabolism, nutri-
ent delivery, and waste removal from the cells (36). It is unlikely that these effects will
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reach the deep tissue, because the application appears to be localized at the level of
the skin (119). Heat application also may increase neural transmission, muscle elastic-
ity, joint extensibility, analgesia, and reduce muscle spasm (30, 174). Much anecdotal
information can be found about the proposed benefits of thermotherapy, but little
scientific research exploring its use as a recovery tool is available.

Thermotherapy does have some contraindications. The most obvious contraindica-
tion is that high temperatures can result in burns (119, 174). The application of heat
also can increase inflammatory responses, swelling, and edema (119, 174). If hot water
immersion is used, ectopic beats, hypotension, heat syncope, excessive tachycardia, and
in rare instances death can occur (174). Coaches and athletes must be careful when
using thermotherapy for athletes who have open wounds, skin conditions, peripheral
vascular disease, impaired circulation, and acute musculoskeletal injuries (119).

When thermotherapy techniques are being employed as a recovery intervention,
it is important to be aware that there are specific indications and contraindications
for the use of each technique.

® Sauna: A sauna may offer some benefit as a recovery intervention. Scoon
and colleagues (138) reported that when a 30 min humid sauna (89.9 + 2 °C) was
used as a recovery tool immediately after training, endurance running perfor-
mance improved. Run time to exhaustion was increased by 32%, and SK time-trial
performance was increased by 1.9%. The authors suggested that the increase in
performance may partially be explained by an increase in blood volume. The use
of a sauna (60-140 °C; 5-15% humidity) two times a week has been recommended
as a recovery intervention in response to whole-body fatigue (87).

* Warm or hot water immersion: Water immersion with water temperatures
greater than 36 °C raises the core body temperature (174). This increase in core
temperature coupled with the increased hydrostatic pressure associated with water
immersion may result in a cascade of physiological responses that assist in recov-
ery. There is very little scientific data to support the effectiveness of warm-water
immersion; however a 10 to 20 min immersion has been suggested to improve
recovery (18). In therapeutic settings, warm whirlpools are used for 10 to 20 min
with temperatures that range from 37 to 40 °C for the leg, 37 to 45 °C for the arm or
hand, and 37 to 39 °C for the whole body (119). However, for delayed-onset muscle
soreness, cryotherapy or contrast therapy techniques may be more beneficial than
thermotherapy (86).

Cryotherapy

Cryotherapy is a technique where cold water immersion or ice baths, ice massage,
or ice packs are used to treat acute traumatic injury and facilitate postexercise or
competition recovery (40). Limited information is available on the appropriate appli-
cation of cryotherapy as a recovery technique (6, 12). The vast majority of research
on cryotherapy has focused on its analgesic (i.e., pain-reducing) effect on localized
tissue (26). The analgesic effects of cryotherapy are most likely a function of the cold
temperature, which reduces the neuronal transmission rate and down-regulates the
pain perception to the central nervous system (174). Although the reduction in neural
transmission reduces pain, it might also result in a short-term decrease in athletic
performance via the reduction of muscular contractile speed or force-generating
capacity (135, 178).

Performance likely will be impaired if exercise is performed shortly after cryo-
therapy treatment (40, 137). Crowe and colleagues (40) offered evidence that sprint
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cycling performance is significantly impaired 1 hr after cold water immersion. Some
investigators have reported that cryotherapy may not speed recovery (115) even though
it can promote muscle relaxation and reduction of creatine kinase levels (43). It is pos-
sible the chronic use of cryotherapy as a
recovery technique may reduce endurance
and resistance training adaptations (176).
Cryotherapy is a useful tool for acute
injury, delayed-onset muscle soreness,
and pathological damages (119). When
compared with no treatment or a warm
whirlpool, cold whirlpool therapy has
been shown to resultin a greater decrease
in muscle soreness (86). Additionally, the
combination of cryotherapy and active
recovery may restore work capacity 24 hr
after treatment (177). In support of this
contention, Yanagisawa and colleagues
(177) demonstrated that 20 min of ice
treatments followed by 20 min of active
recovery exercises resulted in a greater
restoration of muscular strength and
reduction of muscle soreness than either
ice treatments or active recovery alone.
These data suggest that cryotherapy may
have a place in a holistic recovery regime.
When cryotherapy techniques are
being employed as a recovery interven-
Cryotherapy techniques are used to treat tion, it is important to be aware that there
injuries, although their usefulness in terms of are specificindications and contraindica-
recovery is debated. tions for the use of each technique.

© Human Kinetics

* Cold water immersion: When cold water immersion is used as a cryotherapy
technique, core temperature can be maintained with head-out immersion in water
temperatures as low as 12 °C for around 20 to 30 min (155, 157). The literature
indicates that cold water immersion can be performed for 10 to 20 min at a tem-
perature of 12 to 18 °C as a postexercise recovery strategy. However, if the athlete
has only a short time between training and competition, cold water immersion
may impair performance.

Cold water immersion carries some risk for the athlete (174). Sudden cold
immersion can result in hyperventilation, tachycardia, sudden loss of conscious-
ness, convulsions, ventricular ectopy, and in rare incidents cardiac arrest and
death (100). Athletes who are hypersensitive to cold can have an allergic reaction
to immersion, which in the worst case can result in death (174). Wilcock and col-
leagues (174) recommended using cold water immersion to treat localized acute
injuries and reduce inflammation rather than as a recovery strategy.

* Ice massage: Ice massage can be useful in treating muscle soreness following
exercise (69).Treatment usually lasts for 7 to 10 min and is repeated every 20 min.
The massage is performed by applying the ice to the athlete’s exposed skin with
circular or longitudinal strokes, with each stroke overlapping the previous stroke.
Once the skin is numb, the ice massage can stop (120). Interestingly, ice massage
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results in a significantly faster decrease in temperature than an ice bag (183). The
risk of frostbite is minimal, but if the athlete has diabetes, the duration and inten-
sity of the cold application may need to be modified.

* Hydrocollator (cold) pack or ice bag: Ice bags or cold hydrocollator packs usu-
ally are used for 2 hr in a repeating pattern of 20 min of cold application followed
by the removal of cold treatment for 20 min. Compared with the hydrocollator
pack, anice bag results in a colder application attributable to the meltingice (120).
Prentice (119) recommended that the athlete not lie on the ice bag or hydrocollator
pack during cold application.

Contrast Therapy

The alternating use of thermotherapy (heat) and cryotherapy (cold) is termed contrast
therapy (63). Contrast therapy has been used by sports medicine professionals to treat
ankle sprains as well as more generic strains and contusions of the extremities (112).
Although contrast therapy commonly has been used to treat injuries, this technique
is becoming more popular as a recovery tool. Contrast therapy techniques can include
the combination of any thermotherapy technique with any cryotherapy technique:
water immersion, ice bags, whirlpool baths, water massage, heat packs, infrared
lamps, saunas, paraffin wax, and ice massage (120). Probably the most popular con-
trast therapy technique among coaches and athletes is hot-cold water immersion (6).
Hot-cold immersion is believed to aid recovery after training or competition (29).
However, athletes can use many other combinations of thermotherapy and cryo-
therapy techniques to induce postexercise or competition recovery. For example, a
hot-cold contrast can be created by using the warm heat of a sauna and then a cold
whirlpool or shower.

Contrast therapy has been suggested to result in a “muscle pumping action” as a
result of the alternation between vasodilation and vasoconstriction, which is increased
by the hot-cold temperature contrast (44, 63). Work by Fiscus and colleagues (44) sug-
gested that blood flow fluctuates throughout a 4:1 (hot-cold) contrast bath session
lasting 20 min. This fluctuation, or pumping action, partially explains some of the
reported benefits of contrast therapy. Contrast therapy has been suggested to alter
blood flow, reduce swelling, decrease inflammation and muscle spasms, change pain
perception, and improve range of motion (44, 63, 112). Most of the support for the
use of contrast therapy as a recovery tool comes from the combination of empirical
reports (112) and contemporary scientific literature (29).

Contemporary scientific literature suggests that contrast therapy can relieve
stiffness and pain (86, 159), increase creatine kinase (a marker of muscle damage)
removal (52), improve neurological recovery of the peripheral nervous system through
reductions in sympathetic activity (24, 55), and increase lactate removal rates (29,
156). Much more scientific research must be conducted to determine the efficacy of
contrast therapy as a recovery modality and to establish the optimal ratios for hot
and cold treatments.

The most common recommendations for implementing contrast therapies suggest
that thermotherapy be applied three or four times longer than cryotherapy, in other
words, a 3:1 or 4:1 ratio (29). It is commonly recommended that the temperature of
the thermotherapy be 37 to 44 °C and the temperature of cryotherapy 7 to 20 °C
(112). Contrast therapies usually last 20 to 30 min and can be repeated two or three
times a day (63). It is generally reccommended that contrast therapy begin with ther-
motherapy and end with cryotherapy to minimize the possibility of swelling and to
allow for a pain-free range of motion (112).
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Although it appears that contrast therapies on their own have some benefit as a
recovery technique, it is likely that this technique is best used as part of a holistic
approach to recovery and restoration (29). In this approach, the contrast therapy might
be combined with other recovery techniques such as massage or stretching during
the thermotherapy portion of the contrast. Support for a more holistic approach to
recovery can be found in the study by Flannagan and colleagues (45), who used a
combination of recovery modalities with soccer players. The holistic recovery strat-
egy used in this study resulted in maintenance of sprinting speed across 6 days of
competition, whereas significant reductions in performance were noted when no
recovery techniques were used.

Water Immersion

Water immersion is gaining popularity as a postcompetition or posttraining recovery
tool (174). Although water immersion is used most often in conjunction with ther-
motherapy or cryotherapy techniques, it can also be used with thermoneutral water
(ie., 16-35 °C) (174). The effects of water immersion probably are a function of the
hydrostatic pressure created when the athlete is immersed in water. The increase in
hydrostatic pressure associated with water immersion stimulates the displacement
of fluids from the extremities toward the central cavity of the body. It is believed that
water immersion provides effects similar to those of active recovery by stimulating
an increase in cardiac output that increases blood flow (51, 83, 139, 174, 175). This
increase in blood flow coupled with an increased diffusion gradient stimulates an
increase in the rate of substrate delivery and waste clearance, which may augment
the rate of recovery (174, 175). Support for this theory can be seen in the consistent
increase in lactate clearance noted with water immersion (30, 113, 174).

The hydrostatic pressure noted with water immersion also has been suggested to
stimulate a reduction in edema (46, 163, 174). Edema, which can occur in response
to exercise or muscle damage, reduces oxygen transport to the muscle by compress-
ing localized capillaries and increasing the transport route of blood (174). Excessive
edema can result in cellular damage, which can be offset by water immersion. Water
immersion increases hydrostatic pressure, which can reduce tissue degeneration,
inflammation, and delayed-onset muscle soreness and improve contractile function
(174, 175). Water immersion following exercise can stimulate positive psychological
responses by lowering perceptions of fatigue (113). Thus, the evidence indicates that
postexercise water immersion induces both physiological and psychological responses
that promote recovery.

The scientific literature provides various recommendations regarding the length
of water immersion needed to stimulate hydrostatic pressure-induced movement
of interstitial-intravascular fluids. Investigators generally recommend that water
immersion used as a postexercise recovery technique should be performed for atleast
10 min (79), and most studies have used immersion periods between 15 and 20 min
(174, 175). More scientific inquiry is needed to define the optimal duration of water
immersion to maximize restoration.

Nonsteroidal Anti-Inflammatory Drugs

When athletes perform intense or novel exercises that require eccentric muscle actions,
the occurrence of muscle dysfunction, soreness, and inflammation can increase (6).
Inflammation is an integral part of the repair and adaptation responses of skeletal
muscle (91). Repeated exercise with a large eccentric component usually stimulates
the greatest muscular damage and concomitant inflammation. The inflammatory
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response begins within 24 to 48 hr of the completion of the exercise bout, with muscle
soreness, stiffness, and tenderness peaking around 48 to 73 hr after exercise (159).
Typical inflammation-induced responses included delayed-onset muscle soreness,
reduced ranges of motion, failure of
the excitation coupling or contrac-
tile mechanisms, and reductions in
force-generating capacity (26). The
magnitude of the exercise-induced
perturbation in muscular function and
resultant muscular soreness depends
on the age and training status of the
athlete and the magnitude of the
exercise stimulus (6, 90). The more
unaccustomed the athlete is to the
intensity, volume, and frequency of
training, the greater the potential for
inducing inflammatory responses and
muscular soreness.

Inflammation seems to play a major
role in the athlete’s adaptive responses
to exercise. The chronic use of recovery
methods that reduce the inflammatory
response may not optimize exercise-
induced adaptive responses (6). Con-
versely, the brief use of nonsteroidal
anti-inflammatory drugs (NSAIDs)
may stimulate short-term recovery of

muscle function and dampen muscle  Treating inflammation and muscle soreness with
soreness. The analgesic effectiveness  4rgs such as ibuprofen may provide temporary
of short-duration NSAID useappears rgjief to muscle soreness and induce a temporary
to be linked to the degree of muscle  ggngg of recovery. However, athletes should limit
soreness stimulated or the magnitude  4ir reliance on this type of recovery intervention

of the eccentric exercise stimulus (90). 44 jt may reduce training adaptations.
Conversely, the repeated use of

NSAIDS may attenuate the muscles’
ability to repair and adapt to a training stimulus, ultimately decreasing the athlete’s
training-induced performance gains (6, 165). Large dosages of NSAIDs reduce pro-
duction of myofibrillar proteins and slow the healing process (53). Evidence from
animal studies suggests that NSAIDs blunt the adaptive response to eccentric exercise,
reduce the repeated bout responses, and inhibit resistance training-induced muscle
hypertrophy (91, 144). Additionally, over-the-counter doses of ibuprofen have been
reported to blunt resistance exercise-induced protein synthesis (158).

NSAIDs can be useful for short-term inflammatory intervention, but chronic
NSAID use attenuates the adaptive response of the athlete. Therefore, coaches and
athletes need to be cautious when considering the use of NSAIDs as a recovery tool.

Icon SMI

Nutritional Strategies

Training and diet are significantly interrelated. To optimize training-induced adapta-
tions, the athlete must consume a diet that maintains the body’s energy stores (37).
Dietary nutrients play a key role in maintaining prolonged, intense, and intermittent
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exercise; assisting in the replenishment of energy reserves after a training bout or
competition; and altering the adaptive response to training (60).

The metabolic stress resulting from a training bout or competition is closely asso-
ciated with the intensity, volume, and type of exercise; the training and nutritional
status of the athlete; and environmental factors (37). In terms of metabolic stress,
the glycogenolytic effects of exercise are of particular interest. Muscle glycogen
stores can be significantly affected by acute bouts of endurance exercise, intermittent
exercise, and resistance exercise (31, 54, 164). When dietary carbohydrate intake is
inadequate and frequent training is undertaken, muscle glycogen stores will not be
replenished, which will result in glycogen depletion (33, 54). Muscle glycogen depletion
will be accompanied by a progressive decrease in performance (21, 54). A reduction in
muscle glycogen also can alter cell signaling, which can negatively influence cellular
growth and adaptations (39). If chronic glycogen depletion occurs, the athlete will
experience overtraining attributable to an inability to meet the energy demands of
training (142).

Several nutritional strategies can be used to restore muscle glycogen stores and
enhance muscular adaptations. Ivy and Portman (76) presented a model of nutrient
timing that is designed to optimize performance and muscular adaptations. In this
model, the athlete follows a combination of dietary interventions before, during, and
after exercise to maximize muscle glycogen storage.

Preexercise Supplementation The first dietary supplementation occurs before
exercise. The pretraining meal or supplement will increase muscle glycogen stores
if they are not fully restored, increase liver glycogen content, ensure that the athlete
is well hydrated particularly when liquid sources are used, and prevent hunger (22).
Burke and Deakin (22) suggested that athletes consume 1 to 4 g CHO x kg x body
weight' 1 to 4 hr before exercise begins, especially if the exercise bout is prolonged.

Supplementation During Exercise Another strategy suggested by Ivy and Portman
(76) is to consume a carbohydrate and protein beverage within 30 min of initiating
exercise and then periodically throughout the exercise bout. This supplementation
regime has been suggested to increase the postexercise recovery rate as a result of an
increased anabolic hormone response during both resistance and endurance exercise
(7,25, 98, 109). This type of supplementation regime also has been demonstrated to
result in a greater postexercise insulin and growth hormone response (25, 153), a
decrease in muscle protein breakdown in conjunction with an increased postexercise
muscle protein synthesis rate (122, 134), and a reduction in postexercise muscle
damage and soreness (7). Additionally, this supplementation has been reported to
increase exercise capacity, thus potentially enhancing the adaptive stimulus of the
exercise bout (77). Ivy and Portman (76) suggested that this beverage should contain
a 4:1 ratio of carbohydrate to protein. Therefore, if the athlete consumed 25 g of
carbohydrate, he would concomitantly consume about 6 g of protein.

Postexercise Supplementation The focus of postexercise supplementation is to
promote glycogen resynthesis and stimulation of protein synthesis. Two important
aspects of postexercise dietary supplementation are the dietary content and timing
of supplementation (21, 74).

The amount of carbohydrate consumed after exercise is directly related to the
amount of muscle glycogen synthesized (13, 35, 75). Approximately 1.0 to 1.85 g CHO
x kg x body weight'! x h™ consumed immediately after exercise appears to maximize
muscle glycogen synthesis (21, 78). If less carbohydrate is consumed (0.8 g x kg x
hr'), then the addition of 0.4 g of whey protein hydrolysate plus free leucine and
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phenylalanine per kilogram of body weight per hour can stimulate greater glycogen
synthesis (161). Conversely, the addition of amino acids and proteins does not appear
to increase the rate of glycogen synthesis when high amounts of carbohydrate (>1.2 g
x kg x hr') are consumed (78). The addition of protein does offer some benefits by
stimulating an increase in circulating insulin levels (160). Increases in insulin levels
have been associated with an increase in the uptake of amino acids, a stimulation of
muscle protein synthesis, a reduction

in muscle protein breakdown, and * = Significantly different than (p < 0.05) early feeding

an increase in protein balance (9, 10).
Thus, it can be recommended that
athletes consume a carbohydrate and
protein beverage to stimulate muscle
glycogen and increase protein synthe-
sis rates.

The timing of supplementation can
affect the rate of glycogen and protein
synthesis (74). Ivy and colleagues (74)
reported a 45% reduction in glycogen
synthesis rates when carbohydrate was
consumed 2 hr postexercise versus
immediately after exercise. Conversely,
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hr postexercise (figure S5.8). mentation.

It appears that when the time Adapted from Ivy et al. 1988 (75), Parkin et al. 1997 (116), and

interval between training sessions  Burke and Deakin 2000 (22).

or competitions is small, the athlete

should consume carbohydrates and protein supplements immediately after exercise
and every 60 min during the 2 hr after exercise at a rate of 0.8 to 1.0 g x kg x hr
with 0.4 g of whey protein hydrolysate plus 0.4 g free leucine and phenylalanine per
kilogram of body weight per hour. When the athlete has a long time to recover, it may
not be as crucial to consume supplements immediately after exercise (22) but may be
prudent to do so nonetheless.

Combination Strategies for Inducing Recovery

Many recovery strategies are available, ranging from complete rest to modalities
designed to speed recovery. Combining recovery interventions appears to bring about
the most rapid rates of recovery (110). There are many combinations of recovery
modalities that may magnify the rate of recovery (6). For example, Monedero and
Donne (110) combined 3.75 min of cycling at 50% of VO,max followed by 7.5 min of
massage to promote greater recovery of SK time-trial performance than occurred
with either active recovery or massage alone. Viitasalo and colleagues (163) combined
water immersion and massage by using an underwater-jet massage, which improved
recovery. Reilly and colleagues (124) reported that deep water running, a combina-
tion of active recovery with water immersion, significantly decreased muscle sore-
ness and maintained range of motion. There are virtually infinite combinations of
recovery methods that can be created, depending on the specific needs of the athlete.
For example, if the athlete is attempting to recover between two competitive bouts
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thatare separated by a short duration, a combination of active recovery and massage
may be useful (see figure 5.94). The combination of active recovery, water immersion,
and nutritional interventions may be useful after a training bout (see figure 5.9b).
Combining recovery methods has great potential to enhance recovery, but further
research is needed to elucidate the optimal combination and sequencing of methods.

SUMMARY OF MAJOR CONCEPTS

The best way to ensure recovery and maximize training adaptations is to incorpo-
rate recovery modalities into a scientifically based periodized training plan. The
scientific literature suggests that combinations of recovery techniques optimize the
recovery process. The coach and athlete should consider using various techniques
based on the athlete’s tolerance to the modalities, which the coach determines by
using a comprehensive monitoring plan. Although using a monitoring plan that is
affiliated with a sport science facility is desirable, the coach can use simple strategies
such as maintaining comprehensive training logs and conducting periodic testing to
determine whether the athlete is responding to the training plan.

20-min recovery

Competitive Competitive
bout bout
3.5 min 75 min 3.5 min
active massage active
recovery recovery
at 50% at 50%

30-min recovery

Training bout

15 min active 15 min of
recovery water immersion

Consumption of
carbohydrate
protein beverage

Figure 5.9 Examples of combination recovery methods. (a) A scenario for two competitive bouts
separated by a very short period of time, based on work by Monedero and Donne (110). (b) A
posttraining session recovery scheme that combines active recovery with water immersion.

Part a based on Monedero and Donne 2000 (110).
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PART HIB

Periodization
of Training

Periodization is one of the central concepts of training theory. This section out-
lines the process of developing periodized training plans. Chapter 6 highlights
the importance of the annual training plan as the template from which the actual
training interventions derive. A key part of developing the annual training plan is
establishing when the main competitions will take place so that peaking strategies
can be considered. Chapter 7 explains the peaking process and how training can
be manipulated in order to increase the likelihood of high levels of performance at
the appropriate times. Once the annual training plan and the timeline for the main
competitive events are established, the annual training plan can be subdivided into
smaller training cycles, known as macro- and microcycles. These smaller cycles are
covered in chapter 8. The next step is the development of the individual workout plan.
Chapter 9 presents detailed information about the development of the workout plan.
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CHAPTER

ANNUAL
TRAINING PLAN

he annual plan is the tool that guides training over a year. It is an essential
I component of periodization because it divides the training year into distinct
phases with very specific objectives. An annual training plan is necessary to
maximize physiological adaptations, which will improve performance. The annual
plan directs the athlete through 12 months of training. During the last month of
training the plan will vary from the rest of the training year to reduce physiological
and psychological fatigue, induce regeneration, and prepare the athlete for the next
year of training.

The goal of training is to induce physiological adaptations and maximize per-
formance at specific time points, usually during the main competitions of the year.
To accomplish this goal, the athlete’s preparedness must increase at the appropriate
time, thus ensuring a greater potential for a high level of performance. The athlete’s
level of preparedness is a complex interaction of developing skills, biomotor abilities,
psychological traits, and the management of fatigue. The best approach for accom-
plishing these goals is to use periodized training that is logically constructed and
appropriately sequenced.

The annual plan is the foundation for stimulating physiological and psychological
adaptations while managing fatigue. In the context of this plan, the greatest chal-
lenge is peaking the athlete at the appropriate times throughout the training year.
When working with inexperienced athletes, the coach will direct the training plan
with little input from the athletes. Conversely, with elite athletes the coach should
encourage input from the athlete when establishing the annual training plan’s objec-
tives and structure. By involving the elite athlete in the planning process, the coach
can create a positive environment in which the athlete can use the planning process
as a motivational tool.

PERIODIZATION

Periodization is the foundation of an athlete’s training plan. The term periodization
originates from the word period, which is a way of describing a portion or division of time.
Periodization is a method by which training is divided into smaller, easy-to-manage
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segments that are typically referred to as phases of training. Periodization of training
has evolved over the centuries, with many sport scientists and authors contributing to
its development (6, 42, 43, 52, 53, 63, 64, 71, 72,79, 82-835).

Periodization is not a new concept, but many people are not familiar with it or
do not understand its history. The origins of periodization are unknown, but an
unrefined form of the concept has existed for a long time. Evidence suggests that a
simplified form of periodization was used in the ancient Olympic Games (776 BC
to 393 AD). As mentioned previously in this book, Philostratus is considered one of
the early proponents of periodization. Philostratus referred to the simple annual
plans used by the Greek Olympians where a preparatory phase preceded the ancient
Olympic Games with few informal competitions before and a rest period after the
games. A similar approach has been used to prepare for the modern Olympic Games
by both U.S. and European athletes.

Planning for the European competitions at the beginning of the 20th century fol-
lowed a similar pattern. However, planned periodization became more sophisticated,
culminating with the German program for the 1936 Olympic Games, when coaches
used a 4-year plan composed of annual training plans. After World War II, the Soviets
started a state-funded sports program, using athletics as a means to demonstrate the
superiority of their political system.

In 1965, Lenoid P. Matveyev, a Russian sport scientist, published a model of an
annual plan based on a questionnaire that asked Russian athletes how they trained
before the 1952 Olympic Games in Helsinki, Finland. He borrowed the term periodiza-
tion from history, where historians refer to the periods or phases of human develop-
ment. Matveyev analyzed the data collected on the Russian athletes and produced a
model of an annual training plan that was divided into phases, subphases, and train-
ing cycles. Some call this the classic model of periodization. However, the true classic
model could be considered the works of Philostratus. In the 1950’s and 1960’s, Russian,
German, Romanian, and Hungarian sport scientists published books about the evo-
lution of periodization from ancient times to the post-World War II period, whereas
their Western counterparts were slow to adopt the concept of periodization.

Matveyev structured training to culminate with only one competitive phase (44).
However, this practice did not meet the needs of all sports. Thus, as the theory of
periodization evolved, training plans were adapted to meet the competitive needs of
athletes who participated in more than one major competition per year. Annual train-
ing plans were developed where two main competitions per year (bi-cycle plans), three
main competitions per year (tri-cycle plans), and multiple peak plans were developed.
Additionally, the concept of periodization of main motor abilities was developed as
a tool for improving skills and maximizing athletic performance (2-5).

Periodization can be examined in the context of two important aspects of train-
ing:

1. Periodization divides the annual training plan into smaller training phases,
making it easier to plan and manage the training program and ensure that
peak performance occurs at the main competition.

2. Periodization structures the training phases to target biomotor abilities, which
allows the athlete to develop the highest levels of speed, strength, power, agility,
and endurance possible.

Many are unaware of the difference between periodization as a division of the
annual plan and periodization of biomotor abilities. In most sports, the annual train-
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ing plan is divided into three main phases: preparatory, competitive, and transition.
The preparatory and competitive phases are divided into two subphases, which are
classified as general and specific because of their differing tasks. The focus of the
general subphase is to develop a physiological base by using many nonspecific training
methods. The specific subphase is used to develop characteristics needed for a sport
by using sport-specific modalities. The competitive phase of training is subdivided
into precompetitive and competitive phases. Each phase of the annual plan contains
macrocycles and microcycles. Each of these subunits has objectives that contribute
to objectives of the annual training plan. Figure 6.1 illustrates the division of the
annual training plan into phases and cycles.

Athletic performance depends on the athlete’s physiological adaptations and
psychological adjustments to training combined with the ability to develop and
master skills and abilities required of the sport. The duration of each phase of the
annual plan depends on the time necessary to increase the athlete’s training status
and elevate preparedness. The main determinant of the duration of each phase of
training is the competitive schedule. To optimize performance at the appropriate
time (i.e., for major competitions), athletes undergo several months of training. The
training plan must be well organized and must sequentially develop physiological
adaptations as well as manage fatigue to elevate preparedness, which increases the
athlete’s performance ability. The optimal periodization model for each sport and
the time required for an optimal increase in training status and preparedness have
yet to be elucidated. Confounding the coach’s ability to optimally dose training is
the individual athlete’s ability to tolerate and adapt to a training plan, which is influ-
enced by many factors including genetic endowment, psychological traits, training
status, diet, social stressors, and recovery methods used. Because of this individuality
of response to training, programs must be tailored to meet the individual needs as
well as the demands of the sporting activity.

ANNUAL TRAINING PLAN

Phases of
training

Preparatory

Competitive

Transition

Subphases

General Specific
preparation preparation

Macrocycles

Microcycles

Figure 6.1 Divisions of an annual plan into phases and cycles of training.
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Needs of Periodization

The phases of training are structured to stimulate physiological and psychological
adaptations and are sequenced to progressively develop specific components of per-
formance (physical, technical, and tactical) while elevating the athlete’s performance
capacity. A sequential approach to developing the athlete’s potential is necessary
because it is not possible to maintain the athlete’s physiological and psychologi-
cal abilities at maximal capacity throughout the entire training year. Additionally,
preparedness will vary depending on the phase of training and type of training,
psychological, and social stress encountered by the athlete. Therefore, the annual
training plan must be subdivided into phases that sequentially develop specific
aspects required to maximize performance.

The preparatory phase is the time when the physiological foundation for perfor-
mance is established, whereas the competitive phase is the time when performance
capacity is maximized. If the preparatory phase is inadequate, performance will not
be maximized during the competitive phase because the physiological adaptations
necessary for optimum performance have not been developed. After the competitive
phase is completed, a transition phase is necessary to remove fatigue developed across
the competitive season and enable the athlete to recover from the physiological and
psychological stresses of competition. Additionally, the transition phase allows the
athlete to relax and prepare psychologically for the next annual training plan, which
will commence shortly. This phase of training is a transition, not an off-season. The
term off-season is inappropriate because serious athletes do not have an off-season;
rather, they transition from one annual training plan to another. Therefore, the
transition is an important link between annual training plans.

The development of skills, strategic maneuvers, and biomotor abilities requires a
special approach that is unique to each phase of training. Technical skill sets and
tactical maneuvers are learned over time in a sequential fashion across the phases of
training. The athlete attempts to perfect his technical capabilities, and as his skill
level increases the complexity of tactical training can also increase. The sequential
approach is also essential for the development and perfection of biomotor abilities.
When attempting to improve biomotor abilities and stimulate physiological adapta-
tions, the coach must alternate the volume and intensity of training, as proposed in
the principle of load progression. Training should not occur in a linear fashion, and
periodization is truly a nonlinear approach to training (70).

Climatic conditions and the seasons influence the duration of training phases
within a periodized training plan. For example, seasonal sports such as skiing, rowing,
and soccer are restricted by climate. In a periodized plan the phases of training are
tailored to meet the individual needs of the sport, and this will account for the climatic
conditions. In soccer and rowing, the preparatory phase of training occurs during
the winter, and the competitive phase typically occurs in the spring, summer, or fall.
The reverse is true for winter sports such as speedskating, ice hockey, and skiing.

Competition and intense training create a large amount of physiological stress
and cumulative fatigue. If this stress is applied for too long, overtraining can occur
and performance capacity will decrease. Therefore stressful training or competition
phases should be alternated with periods of recovery and regeneration. These types
of phases are transition phases that will decrease fatigue and allow the athlete to
prepare for the next phase of training.
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Classifying Annual Plans

Figures 6.2 through 6.5 illustrate different models of annual training plans. Figure 6.2
represents the original annual training plans presented by Matveyev (44). Although
dated, this model is still promoted by several authors, especially those in the United
States. Careful examination of the model reveals several characteristics:

* Itis amonocycle and therefore is appropriate for seasonal sports with one major
contest.

* The model is based on the specifics of training for speed and power sports such
as sprinting, jumping, and throwing events in track and field.

* The volume and intensity curves may not be appropriate for sports that are
dominated by endurance.

Annual training plans differ according to the requirements of the sport, and the
classification of these plans largely depends on the number of competitive phases.
Seasonal sports such as skiing, canoeing, and soccer and other sports with one major
competition during the year usually require one competitive phase. These annual
training plans can be classified as monocycles, because they contain only one com-
petitive phase and one major peak (figures 6.6 and 6.7). These plans are divided into
three major phases: preparatory, competitive, and transition phases. The monocycle
plans shown in figures 6.6 and 6.7 include a preparatory phase in both general and
specific phases of preparation. In figure 6.6, note the relationship between general
and specific preparation: As one decreases, the other increases substantially. In some
instances, such as in soccer, the general preparatory phase can be very short or can
be eliminated altogether.

The competitive phase in figures 6.6 and 6.7 is divided into several smaller sub-
phases. The precompetitive subphase, which usually includes exhibition competitions

100%

“"
/ e L
\_ v
General prep. Specific prep. Precomp. Main comp. | Trans.
Preparation Competitions Trans.

Figure 6.2 Original periodization model presented by Matveyev. C = competition; | =
intensity; V = volume.
Matveyev model 1965 (44).
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Figure 6.4 Annual plan presented by Bondarchuk. C = competition; V =
volume; | = intensity.
Adapted from Bondarchuk 1986 (6).
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Figure 6.5 Annual plan. C = competition; V = volume; | = intensity.
Based on Tschiene 1989 (81).

130



Annual Training Plan 131
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Figure 6.6 Monocycle for a speed and power sport.
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Figure 6.7 Monocycle for a sport in which endurance is the main requirement. U = unloading phase;
C = competition.

only, comes before the main competition subphase in which all official competitions
are scheduled. Before the most important competition of the year, two shorter sub-
phases should be planned. The first is an unloading phase or taper, which is generally
marked by lower volumes and intensities of training (see chapter 7). This phase allows
for the removal of fatigue and an elevation in preparedness, which creates a perfor-
mance supercompensation effect. After this subphase a special preparation phase
follows, during which technical and tactical changes can be made. This subphase
can occur in conjunction with the unloading phase or can be a separate subphase.
The preparatory and competitive phases of the annual training plans are marked
by some specific characteristics. During the preparatory phase and early competi-
tive phase, training volume is emphasized with lower intensities according to the
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specifics of the sport. During the preparatory phase, the quantity of work is very high
and the intensity of work is low. As the competitive phase approaches, the training
volume decreases while the intensity curve increases (figures 6.6 and 6.7). Thus the
competitive phase has a higher emphasis on intensity or quality of work. This type of
monocycle model is typical for sports dominated by speed and power because as the
volume curve decreases fatigue also decreases and the training emphasis can shift
toward speed and power development.

The monocycle model illustrated in figure 6.6 is an example of an annual training
plan for a speed and power sport and would be inappropriate for endurance-based
sports because the development of specific endurance would be insufficient and per-
formance would be negatively affected. For sports where the bioenergetic contribution
is 50%:50% (anaerobic/aerobic) or is dominated by aerobic metabolism, the training
volume curve must be high throughout the competitive phase. Therefore, a different
annual training plan model can be generated for these types of sports (figure 6.7).
The division of the annual training plan is based on the type of endurance training
the athlete will perform. Additionally, note the high volume of training, which is
typical for the training plan of endurance athletes.

When working with sports that have two separate seasons, such as track and field,
which has an indoor and outdoor season, a completely different approach is used to
develop the annual training plan. Because there are two distinct competitive phases,
an annual training plan that contains two peaks, or a bi-cycle, is used. Figure 6.8 gives
an example of an annual training plan with a bi-cycle structure that incorporates
the following phases:

* Preparatory phase I: The first preparatory phase, which should be the longest,
lasts approximately 3 months and is broken into general and specific subphases.

* Competition phase I: The first competitive phase lasts about 2 1/2 months and
brings the athlete to a peak performance.

* Transition phase I: The first transition phase lasts approximately 1 to 2 weeks
and is marked by a period of unloading to recover the athlete. This phase leads
into the second preparatory phase.
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Figure 6.8 Bi-cycle plan for a sport (track and field) in which speed and power dominate.
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* Preparatory phase II: The second preparatory phase is shorter than the first
preparatory phase, lasting approximately 2 months. This phase has a much shorter
general preparatory subphase, with most of the training being performed in the
specific preparatory subphase.

* Competition phase II: The second competitive phase is slightly longer, about 3
1/2 months, and brings the athlete to a peak performance.

* Transition Phase II: The second transition phase is approximately 1 1/2 months
long and is used to unload and recover the athlete. This phase links to the next
annual training plan.

A bi-cycle plan contains two short monocycles that are linked by a very short
unloading and transition phase. The approach is similar for each cycle except that
the training volume in preparatory phase I is much greater than that in preparatory
phase II. Additionally, the level of preparedness will be lower during competitive
phase I. For example, in track and field, the outdoor championships are considered
to be more important that the indoor competitions, and so the second competitive
phase of the annual plan should target this major competition. Thus, it is warranted
to bring the athlete’s preparedness to its highest level of the year in the second com-
petitive phase.

Although the bi-cycle annual training plan is useful for some sports, other sports
such as boxing, wrestling, and gymnastics may have three major competitions during
the annual plan (e.g., national championships, a qualifying meet, and the competi-
tion itself). Assuming each competition is 3 or 4 months apart the athlete would
have three competitive phases, which would create a tri-cycle annual training plan
structure. As illustrated in figure 6.9, a tri-cycle plan incorporates the following
sequence of training:

* Preparatory phase I: Preparatory phase I is the longest preparatory phase of
the annual training plan, lasting around 2 months. It contains both general and
specific preparatory subphases.

* Competition phase I: Competitive phase I is the shortest of the three competitive
phases in the annual training plan, lasting around 1 1/2 months.

* Tiransition Phase I: The first transition phase is very short and links the first
competitive phase with the second preparatory phase. As with all transition phases,
there is a period of unloading to allow the athlete to recover.

* Preparatory phase II: Preparatory phase II is shorter than the first prepara-
tory phase, lasting around 1 1/2 months. This preparatory phase only contains a
specific preparatory phase.

* Competition phase II: Competitive phase II is longer than the first competitive
phase, lasting approximately 1 3/4 months.

* Transition phase II: The second transition phase contains a short period of
unloading designed to allow the athlete to recover from competition. This transi-
tion is also short because it links competitive phase II to preparation phase III.

® Preparatory phase III: This preparatory phase is a short preparatory phase
lasting only about 1 1/2 months. As with the second preparatory phase, only the
specific preparatory subphase is used.

* Competitive phase I1I: This competitive phase is the longest of the three competi-
tive phases contained in the tri-cycle annual training plan (~2 months). As such
this phase should peak the athlete for the most major competition of the year.
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* Transition phase I1I: This transition phase is the longest transition phase con-
tained in the annual training plan lasting approximately 1 month. It serves an
important role in inducing recovery and preparing the athlete for the next annual
training plan.

In a tri-cycle plan, the most important competition of the three should occur
during the last cycle of the year. The first of the three preparatory phases should
be the longest, during which the athlete builds the technical, tactical, and physical
foundation from which the next two cycles are built. Because this type of plan is
typically used with advanced athletes only, the first preparatory phase contains the
general preparation subphase.

In an annual plan with a tri-cycle structure, the volume curve is the highest in the
first preparatory phase. This highlights the importance of training volume in this
phase. The intensity curve depicted in the tri-cycle structure (figure 6.9) follows a
pattern similar to that seen in a monocycle. Both the volume and intensity curves
decrease slightly for each of the three unloading phases that precede the main com-
petitions. Within the annual training plan, the highest level of preparedness should
be planned for the third competitive phase to allow for the highest performances to
occur at the main competition of the year.

Although the bi-cycle and tri-cycle structures are useful for many sports, other
sports such as tennis, martial arts, and boxing may have four or more competitions
that require peak performance (figure 6.10). In these situations the preparatory
phase, which is crucial for the development of technical and tactical skills as well as
biomotor abilities, is shortened significantly. Advanced athletes who have developed
a strong foundation of training during the early years of their athletic development
may find it easier to cope with such a heavy competitive schedule; young athletes
may not. This may be a reason why so many young tennis players burn out before
winning a major tournament.
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Month 1 | 2 | 3 4 | 5 | 6 7 8 | 9 | 10 | 1 | 12
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Figure 6.10 Four-peak annual training plan. 1 = preparatory phase; 2 = intensification, or concentrated,

specific training for competition; 3 = unloading for supercompensation; 4 = recovery.

Developing a multiple-cycle of four or more competitive phases (figure 6.10) is
a challenging task. This is especially true if the athlete skips a preparatory phase
that focuses on regeneration and improvement of biomotor skills in a nonstressful
environment. This scenario is often seen in tennis where many players are injured or
withdraw from tournaments because of physical stress and mental exhaustion.

Selective Periodization

Far too often the annual training plans developed for elite athletes are used for young
athletes who lack the training experience and physiological maturity to tolerate inten-
sive competitive schedules. This is one reason why periodization of training should
be individualized. The coach should consider the athlete’s readiness for intensive
competitive schedules, using the following guidelines:

* A monocycle is strongly suggested as the basic annual training model for novice
and junior athletes. Such a plan has a long preparatory phase during which the
athlete can develop foundational technical, tactical, and physical elements with-
out the major stress of competitions. The monocycle is the typical annual plan
for seasonal sports and sports for which endurance is the dominant biomotor
ability (e.g., Nordic skiing, rowing, cycling, long-distance running).

* The bi-cycle annual training plan is typically used for advanced or elite ath-
letes who can qualify for national championships. Even in this scenario, the
preparatory phase should be as long as possible to allow for the development of
fundamental skills.

* The multiple-peak annual training plan is reccommended for advanced or inter-

national-level athletes. Presumably, these athletes have a solid foundation that
allows them to handle an annual plan that contains three or more peaks.

The duration of the training phases depends largely on the competitive schedule.
Table 6.1 for provides guidelines for distributing the training weeks contained in
each training phase.

Table 6.1 Guidelines for the Distribution of Weeks for Each Training
Phase Contained in the Classic Types of Annual Training Plans

NUMBER OF WEEKS PER PHASE
Annual plan Total weeks
structure per cycle Preparatory Competitive Transition
Monocycle 52 >32 10-15 5
Bi-cycle 26 13 5-10 3
Tri-cycle 17-18 >8 3-5 2-3
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Stress: Planning and Periodization

The ability to manage the stress that accumulates as a result of training and com-
petition is an important factor that underlies successful athletic performances.
Training-induced stress can be considered a summation of both physiological and
psychological stressors and can be elicited by both internal and adverse external
influences. Therefore it may be warranted to focus on the training effects induced
by the training plan rather than the work being completed. The training plan must
consider the development of fatigue, which is a by-product of training, and how to
monitor or evaluate its effect on performance.

Periodization is an important tool in the management of fatigue that accumulates
in response to physiological, psychological, and sociological stressors resulting from
training and competition. In creating the annual plan, the coach needs to consider
the effects of both training and competition on the development of fatigue and the
level of stress experienced by the athlete. If structured correctly, the annual plan will
manage this fatigue and reduce levels of fatigue during major competitions, when
stress can be very high. Figure 6.11 shows how stress may vary across an annual train-
ing plan. Note that stress does not have the same magnitude throughout the annual
plan, which is a distinct advantage of periodized training.

The stress curve in figure 6.11 parallels the intensity curve in that the higher the
intensity, the higher the level of stress. The shape of the stress curve also indicates
that stress is lowest during the transition phase and increases throughout the pre-
paratory phase. In the competitive phase of training, levels of stress will fluctuate in
response to competitive stress and short periods of regeneration. During the prepara-
tory phase, the magnitude of the stress curve is a result of the relationship between
training volume and intensity. Although the volume or quantity of training is high,
the intensity is low because it is difficult to emphasize a high amount of work and
an elevated intensity simultaneously (with the exception of weightlifting).

Training intensity is a prime contributor to stress. Therefore, the coach should
consider decreasing the athlete’s level of stress during the preparatory phase by
emphasizing volume more than intensity. However, it is likely that the high volumes
of training typically seen in the preparatory phase also produce a significant amount
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of metabolic stress (45,46, 79) and large hormonal disturbances (36), which can result
in high levels of fatigue, a form of stress.

The stress curve throughout the competitive phase undulates in accordance with
competitive, developmental, and regeneration microcycles. The number and frequency
of competitions during the competitive phase clearly can have a negative impact on
the athlete’s level of stress. Frequent competitions can increase the athlete’s level of
stress, and the coach must allow a few days of regeneration following these competi-
tions. To further deal with the stress of the competitive phase, a short period (2 or 3
days) of unloading prior to the competition may be warranted.

In addition to alternating high- and low-stress activities, the athlete can use relax-
ation techniques to deal with stress. The ability to tolerate stress is highly individual,
and athletes who have difficulty dealing with stress may need to use motivational
and relaxation techniques. The athlete’s ability to tolerate stress depends largely on
the training plan. The coach must structure the training plan to include phases of
regeneration that use relaxation and visualization techniques to help the athlete
tolerate training and competitive stress.

The athlete’s psychological state depends largely on her physiological status (17, 69).
If the athlete is experiencing high levels of fatigue, this accumulated stress appears to
negatively affect psychological status. The better physiologically prepared the athlete,
the greater the likelihood that she has a positive psychological status. A periodized
training program that is structured correctly will ensure superior physiological pre-
paredness, psychological readiness, stress management, and mental training.

PERIODIZATION OF BIOMOTOR ABILITIES

The concept of periodization is not limited to the structure of a training plan or the
type of training included in a given training phase. Periodization is a concept that
applies to the development of dominant biomotor abilities for a chosen sport. Because
an in-depth discussion about the periodization and development of biomotor abili-
ties is provided in later chapters, the present discussion centers on topics related to
the development of the annual training plan.

Some sports, mostly individual, have aloose structure of periodization, especially
regarding endurance. However, in most team sports the periodization of dominant
abilities allows room for improvement. In many sports, the dominant biomotor ability
is power. Recognizing this, some coaches use exercises aimed specifically at develop-
ing power throughout the year, from the early preparatory phase to the beginning
of the competitive phase. This type of approach stems from a misunderstanding
of periodization and the principles of specificity. Power is a function of maximal
strength and speed, so it is better to develop maximal strength during the early part
of the preparatory phase and then convert that strength gain into power-generating
capacity in the competitive phase (figure 6.12). Several examples of periodization of
dominant abilities are presented in figures 6.13 through 6.17.

PERIODIZATION OF STRENGTH TRAINING

The objectives, content, and methods of a strength training program will change
throughout the phases of an annual training plan. These changes need to reflect
the type of strength that a sport, event, or individual athlete requires for optimum
performance (figure 6.12). These changes also depend on the phase of the annual
training program and the targeted physiological adaptations for that phase.
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Figure 6.12 Periodization of main biomotor abilities.

1. HIT= high-intensity training, typically interval-based training that models the sport or activity targeted by the training
plan.

2. The training phases are not limited to a specific duration. Rather, the focus is the sequence and the proportions between
the training phases.

Dates Sept. Oct. Nov. Dec. Jan. Feb. | March | April May June July | Aug.
Compe- Detroit | L.A. | Toronto | Prov. | Nat.championships
titions Orillia Vancouver
Period- Preparatory Competition Transition
lzation General Specific prep. Precomp. Main competition Transition
prep.
Period of | Anat. Maximum Conversion to Maintenance Regeneration
strength | adapt. strength power (maximum strength and power)

Figure 6.13 Moncycle periodization model of strength training for gymnastics.

Dates June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May
Compe- Division | Nat. World
titions champ. | champ. | champ.

] Preparatory Competition Transition
Period- — — —
ization General Specific prep. Precomp. Main competition Transition

prep.
Period of | General end. Specific endurance (run, skate) Specific endurance General endurance
endurance | (run, bicycle)
Period of | Anat. Maximum Conversion to Maintenance Regeneration
strength | adapt. strength power (maximum strength and power)

Figure 6.14 Monocycle periodization model for dominant abilities for figure skating.
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Dates Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May | June | July | Aug.
Compe- Provincial Div. World

titions champ. champ. champ.

Period- Preparatory Competition Transition
lzation General Specific prep. Precomp. Main competition Transition

prep.
Period of | Anaerobic | Specific endurance Specific endurance General
endurance | endurance (swim, apnea) endurance
Period of | Anatomical Maximum Conversion Maintenance Regeneration
strength | adaptation strength —Musc. end.
—Power

Figure 6.15 Monocycle periodization model for dominant abilities in synchronized swimming.

Dates Nov. Dec. | Jan. Feb. Mar. Apr. May | June | July | Aug. | Sept. Oct.
Compe- League games
titions
Period- Preparatory Competition Transition
lzation Gen. prep. Specific prep. Prec. | League games Transition
Period of | Anatomical Maximum strength Conversion — Maintenance Regeneration
Musc. end. Power

strength | adaptation
—Power Musc. end.
Specific speed, reaction time, and agility

Period of | Aerobic | Anaerobic Specific need
speed | endurance | endurance
Period of Specific endurance Perfect specific endurance Aerobic
endurance endurance
Figure 6.16 Monocycle periodization model for dominant abilities for a baseball team.
Dates Nov. Dec. Jan. Feb. Mar. | Apr. | May | June | July Aug. Sept. Oct.
Compe- Winter Summer
titions champ. champ.
Period- Preparatory | Comp. | T Preparatory Il Comp. Il Trans.
lzation General Specific | Precomp. | Main. | T | Gen. Spec. prep. Precomp. Main. Trans.
prep. prep. comp. prep. comp.
Period of | Anatomical | Maximum | Conv.: Maintain: Anat. Max Conv.: Maintain: Regen.
strength | adaptation | strength | —Power | —Power adapt. strength | —Power —Power
—Musc. —Musc. —Musc. —Musc. end.
end. end. end.
Period of Aerobic Anaero. Specific Aerobic Anaer. Specific speed and | Games
speed endurance end. and speed and endurance end. and ergogenesis
ergogenesis | ergogenesis ergogenesis

Figure 6.17 Bi-cycle periodization model for dominant abilities in swimming (200 m) with winter and

summer national championships.
T = transition.
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Anatomical Adaptations

After the transition phase, when most athletes do very little strength training, it is
advisable to begin a strength program to build a foundation from which future train-
ing practices are developed. This is typically accomplished during the anatomical
adaptation phase of a strength training program. This phase is sometimes referred
to as the hypertrophy phase (71, 79) or strength endurance phase (58). In this early
preparatory phase, several key objectives are targeted:

* Stimulate increases in lean body mass, decreases in fat mass, and alterations to
the connective tissue (68, 71).

* Increase short-term work capacity, which will reduce fatigue in the later stages
of training when intensity of training and the volume of technique-oriented

work are high (71).

* Lay a neuromuscular and conditioning foundation, which helps prevent injury.
When the preparatory phase, specifically the anatomical adaptation subphase,
is inadequate, the risk of injury increases.

* Develop neuromuscular balance, which decreases injury risk.

This phase of a strength training program is a crucial part of the general prepara-
tion subphase of the preparatory phase. This phase is marked by a high volume of
work (e.g., two or three sets of 8-12 repetitions) performed at low intensities (40-65%
of 1IRM) (71, 79). The number of exercises performed will depend on the type of
exercises that are selected and the goals of the training program. The use of multi-
joint, large-mass exercises (e.g., back squats, power cleans, snatches) requires fewer
exercises, whereas the use of small-mass, machine-based exercise would require many
more exercises. This subphase should last around 4 to 6 weeks (58, 71) to achieve the
physiological adaptations targeted. For junior athletes or those who do not possess
a strength training background, a longer anatomical adaptation phase (9-12 weeks)
may be warranted.

Maximum Strength Phase

All sports require power (e.g., long jump), muscular endurance (e.g., 800-1,500 m), or
some combination. Both muscular power and endurance depend directly on maxi-
mal strength (56, 74, 75, 77, 78). In support of this contention it has been shown that
stronger athletes generally produce higher power outputs (74) and express higher
levels of muscular endurance (47). Itappears that maximal strength must be elevated
before power-generating capacity can be increased because power is the product of
both maximal force and speed.

The maximum strength phase has been called the basic strength phase by some
authors (58, 71, 73, 79). This phase is a crucial component of the preparatory phase
of the annual training plan (71). This phase is also a critical component of the special
preparation phase because it builds on the general adaptations stimulated in the
anatomical adaptation phase and develops the neuromuscular attributes necessary
for the development of muscular power (58, 79).

The maximum strength phase can range from 1 to 3 months depending on the
sport, the athlete’s needs, and the annual training plan. For athletes whose sports
depend heavily on maximal strength, such as American football or shot put, this phase
can be on the longer end of the spectrum (3 months). In a sport for which maximal
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strength is the foundation, such as cycling or cross country running, this phase can
be shorter (1 month). The development of maximum strength is best accomplished
by three to five sets of four to six repetitions with training loads between 75% and
85% of maximal capacity (IRM).

Conversion Phase

The conversion phase, termed the strength power phase by some authors (58, 71, 73,
79), provides a transition between the preparatory phase and competitive phase (73,
71). Because this phase links the preparatory phase and competitions, some authors
have suggested that this phase is an important part of the later stages of the prepara-
tory, precompetitive, and competitive phases of the annual training plan (58).

The athlete will gradually convert the strength developed in the maximum
strength phase into the type of power needed for the targeted sport (e.g., speed
training, plyometrics). This is accomplished by using the appropriate strength
power training methods. Maximal strength levels must be maintained during this
phase, because if they decline the ability to maximize power-generating capacity
will also decline. If this occurs during the competitive phase, speed and agility
also will decrease.

The physiological characteristics of the sport dictate the type of power or endur-
ance that needs to be developed during this phase of training. Because most sports
require some combination of power and endurance, the ratio between these two
characteristics must match the demands of the sport. For example, the ratio may be
almost equal for a wrestler, but power would dominate for a canoeist (200 and 500
m), and muscular endurance should prevail for a rower (race duration 6-8 min) or
for swimming events of longer duration (400-1,500 m).

Maintenance Phase

This phase of the annual training plan is designed to maintain the physiological
and performance standards achieved during previous phases. It is very difficult
to maintain these gains, and strength has been shown to decrease across the com-
petitive season, especially when inappropriate training methods are used (34). The
maintenance phase must contain a high enough intensity to maintain strength gains
while avoiding the development of high levels of fatigue (65). Because the primary
objective during the competitive phase is not the development of strength, the coach
must develop an efficient training program that maintains the gains achieved during
previous phases of training.

The maintenance program depends largely on the physiological requirements of
the sport being trained for. Thus the ratio of strength, power, and muscular endur-
ance must reflect these needs. For example, an American football player or shot putter
would focus his strength training on maximum strength and power development,
whereas an endurance athlete would focus on power and endurance development. The
breakdown of training sessions that target these attributes is difficult to recommend
because they depend on the competitive season. Generally, the maintenance phase
contains a small number of exercises (two to four large-mass exercises) that are per-
formed for one to three sets of one to three repetitions, with a wide range of training
intensities (30-100% of 1RM) (71). The frequency of training during this phase can
range from 1 to 5 days per microcycle depending on the design of the training plan
and the competitive schedule.



142 Periodization

Cessation Phase

Itis usually recommended that the strength training program end 5 to 7 days prior to
the main competition. This reduces the athlete’s level of cumulative fatigue, decreases
levels of stress, and facilitates physiological and psychological supercompensation
or elevates preparedness, both of which increase the athlete’s potential for high-level
performance. However, this recommendation may not be adequate for all sports. For
example, weightlifters would not be able to remove strength training the week before
competition because this would impair their performance. Athletes in sports with a
high strength or strength power requirement may benefit from simply reducing the
number of sessions during the week prior to the major competition. Such a program
would contain a very low volume and a moderate intensity.

Compensation Phase

The compensation phase completes the annual training plan and coincides with the
transition phase. The main objective of the transition phase is to remove fatigue and
allow the athlete to recover, via the use of active rest, before initiating the next annual
training plan. Additionally, this phase is designed to induce regeneration, which is
a very complex undertaking (see chapter 5). For injured athletes, this phase is used
for rehabilitation and restoration of movement capacity. When this is necessary, the
athletic trainer, physical therapist, or physiotherapist should work in conjunction
with the coach to treat the athlete.

During this phase, regardless of injury or rehabilitation status, all athletes should
consider an active rest training plan that includes some resistance training. This
training should address the stabilizing musculature and target areas of weakness
that could increase the athlete’s potential risk for injury.

PERIODIZATION OF ENDURANCE

Endurance is developed in several distinct phases across the annual training plan.
Within an annual training plan that contains one peak, endurance would be devel-
oped in three phases: aerobic (oxidative) endurance, aerobic and specific endurance
(ergogenesis), and then specific endurance (ergogenesis) (see figure 6.12).

Aerobic Endurance

Aerobic or oxidative endurance is developed throughout the transition phase and the
early preparatory phase (1-3 months). Although each sport requires slight alterations,
aerobic endurance can be achieved via the use of a uniform and steady method with
moderate intensities (e.g., long slow distance) and high-intensity interval training (see
chapter 11). The development of aerobic endurance provides the following benefits

(40, 80, 88):
Enhanced cardiorespiratory function
* Increased capillarization, which allows for an increase in oxygen and nutrient

delivery

* Increased hemoglobin concentration, red blood cell number, and blood
volume

* Decreased submaximal heart rate and resting blood pressure
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Increased maximal aerobic power (VO,max)

Increased cardiac output

Increased stroke volume

Increased blood flow to working muscles

* Increased oxygen exchange at the lungs

Decreased submaximal respiratory rate

Enhanced musculoskeletal system function
* Increased Type I fiber content
* Increased oxidative enzyme capacity

* Increased mitochondrial density and size

Increased myoglobin concentration

* Increased muscular endurance capacity

These adaptations improve endurance capacity as a result of more efficient use of
fuel substrates (carbohydrate and fat). These adaptations are stimulated in response
to the workload, especially the training volume.

Aerobic and Specific Endurance

Aerobic endurance and specific endurance training are the components of endurance
training. The training plan should introduce elements that target the energy systems
used in the sport (see table 1.2 on p. 28). Endurance is developed in this phase of train-
ing through the use of uniform, alternative, and interval training (short, medium,
and long duration). During the early part of this phase the emphasis is on aerobic
endurance, whereas in the later portion the emphasis shifts to the development of
specific endurance with the use of high-intensity interval training or sport-specific
interval-based training methods (27). The shift to specific endurance development
allows for a transfer of training effects, which enhances performance gains during
the competitive phase of the annual training plan.

Specific Endurance Training

The development of event- or sport-specific endurance training coincides with the
precompetitive and competitive phases of the annual training plan. The appropriate
training method depends on the bioenergetic characteristics of the sport and the
needs of the individual athlete. For many sports, the coach must emphasize training
intensity so that it often exceeds competition or game intensity. One tool that may be
useful for team sports like soccer is the use of small-group play and a soccer-specific
“dribbling track” (figure 6.18) that can be used to couple tactical and conditioning
activities in one training session (27). Alternating intensities facilitates recovery
between training sessions, leading to an optimal peak at the main competition.

PERIODIZATION OF SPEED

The periodization of speed depends on the characteristics of the sport including
the performance level and the competitive schedule. The development of speed for a
team sport athlete is very different from that of a sprinter. Team sport athletes usu-
ally follow a monocycle annual plan, whereas sprinters usually undergo a bi-cycle
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Figure 6.18 Dribbling track for developing soccer-specific endurance.

The dribble track requires the athlete to dribble a ball around the course. The athlete should
gradually increase intensity until achieving a heart rate between 90% and 95% of maximum and
hold that heart rate for 4 min. After the 4 min time period is completed, the athlete performs 4
min of exercise at 70% of maximal heart rate. The circuit can be completed two to four times
depending on the phase of the periodized training plan. Athletes must dribble around the cones
and lift the ball over the hurdles.

Adapted from British Journal of Sports Medicine, J.U. Hoff et al., 2002, “Soccer specific aerobic endur-
ance training,” 36: 218-221, © 2002, with permission from BMJ Publishing Group Ltd.

annual training plan as a result of having both indoor and outdoor championship
competitions. Regardless of the type of individual or team sport, the periodization
of speed training may follow several distinct subphases: an aerobic and anaerobic
endurance phase;a maximum speed and anaerobic endurance phase; a specific speed
phase; and a specific speed, agility, and reactive agility phase.

Aerobic and Anaerobic Endurance Phase

The first step in developing speed is to establish a physiological base that provides the
athlete with the technical skills needed for moving fast (10). This type of training is
typical of the general preparation phase of the annual training plan and is designed
to elevate aerobic, anaerobic, and general endurance capacity (15). There are many
methods by which to develop a physiological base for sprinting, including extensive
tempo and intensive tempo training (15).

Extensive tempo training involves multiple repetitions of distances greater than
200 m performed at less than 70% of maximum speed, with 45 s between repetitions
and less than 2 min between sets. This type of tempo training tends to develop aero-
bic capacity and aerobic power. Intensive tempo training involves higher intensities
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(80-90% of maximum) and a wider range of distances (>80 m) with 30 s to 5 min
recovery between repetitions and 3 to 10 min between sets. The intensive tempo
method improves anaerobic capacity and targets a mix of energy systems. This type
of training has also been termed high-intensity interval training by some authors (40).
These methods create the appropriate physiological adaptations necessary for the
development of high-intensity exercise endurance (79).

The metabolic adaptations induced by tempo training have a great degree of sport
specificity and translate to many individual and team sports (57). The use of interval-
based training methods has been reported to enhance both anaerobic and aerobic
metabolism (40). Conversely, using traditional long slow distance-based training
has been shown to compromise anaerobic metabolic function (79). Because speed of
movement or sprinting ability depends largely on the rate of energy supply, the use
of methods that compromise anaerobic function is not recommended (62).

In addition to extensive and intensive tempo training, speed endurance training
may be warranted. This type of training can be performed with distances ranging
from 50 to 150 m, with high intensities (90-100% of maximum), and with a wide range
of recovery between repetitions (1-10 min) and sets (3-4 min) (15). This is also a form
of interval training that creates a large amount of physiological stress, establishing
a foundation from which to develop further speed.

As training progresses from the general preparatory to specific preparatory phase
of training, additional sport-specific activities, including speed training with various
intensities, are incorporated. For team sports training, tactical drills of 2 to S min can
be performed nonstop to develop sport-specific endurance (41). In soccer this may be
accomplished via the use of small-sided games in which fewer players participate in a
game simulation (i.e. 2 versus 2; 3 versus 3; 5 versus S etc.) or a soccer-specific dribble
track (figure 6.18), as recent research suggests that this practice effectively develops
soccer-specific endurance capacity (27).

Maximum Speed and Anaerobic Endurance Phase

As the competitive phase approaches, training becomes more intensive, event-specific,
refined, and specialized. Training will include work designed to maximize speed and
continue to develop speed endurance (15).

Speed can be developed with short-distance sprints (20-80 m) performed at high
intensities (90-100% of maximum) with longer rest intervals between repetitions (3-5
min) and sets (6-8 min) (15). This type of training will stress the anaerobic system:s,
especially the phosphagen system.

Speed endurance training, as noted previously, uses various distances and rest
intervals. These different interval structures can be used to target physiological
adaptations. For example, the glycolytic system and lactate tolerance can be targeted
via the use of high-intensity (95-100% maximum) short-distance sprints (<80 m) per-
formed with short rest intervals between repetitions (1 min) and longer repetitions
between sets (4 min).

Specific Speed Phase

The specific speed phase can incorporate some or all the speed components and vari-
ous bioenergetic-specific training methods (phosphagen and glycolytic) depending on
the specifics of the sport. This phase may be ideal for the use of sport-specific training
practices such as small-sided games (41) or skill-based conditioning activities (18).
This phase should contain drills for developing agility and reaction time, especially
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for team sports, martial arts, and combat sports. At this time, the plan should begin
to incorporate agility and reaction time drills.

Specific Speed, Agility, and Reactive Agility Phase

This phase of training uses methods and drills to develop speed and refine related
abilities, such as agility and reaction time. Speed development is essential to the
development of agility (90). However, simply working on straight-line speed will not
maximize an athlete’s agility (90, 91). Techniques that involve agility must also be
developed (90). If the training phases are planned correctly, the speed that is devel-
oped in the previous phases will be translated into agility, which will improve sports
performance.

Another component of agility is perceptual decision making, which is related to
reaction time or visual scanning, anticipation, pattern recognition, and knowledge
of situations (90). This has been termed reactive agility and is marked by the ability to
react to a situation, which appears to differentiate players of different levels in various
sports (12, 61). Specific drills are needed to develop this type of agility. For example,
it has been suggested that reactive agility drills can increase mental processing and
decrease response time to a stimulus (87). If implemented correctly, this type of train-
ing should improve an athlete’s ability to react to events on the field of play.

INTEGRATED PERIODIZATION

One of the most important factors that must be considered when constructing a
periodized training plan is the integration of training factors. Too often sport sci-
entists, coaches, and practitioners isolate training factors instead of integrating all
the factors into the training plan. To maximize the coach’s ability to construct and
deliver appropriately designed training plans, an interdisciplinary team of experts
may be needed (54). This group can be considered a sports enhancement team and
can include sport scientists, sport psychologists, nutritionists, biomechanists, and
sports medicine professionals. Given the rapidly evolving nature of sport science (89),
the team approach may be necessary to most effectively interpret, develop, and imple-
ment new training methods in the context of a periodized training plan.

The integration of all training components into a comprehensive annual training
plan requires the coach and sports enhancement team to evaluate the athlete and
the training goals, which will allow them to appropriately sequence training factors.
Depending on the phase of the periodization plan, the training emphasis will shift
to develop specific characteristics and manage fatigue. A truly comprehensive plan
includes dietary recommendations and psychological training. An example of an
integrated periodization plan is presented in figure 6.19. If the training plan is not
completely integrated, the likelihood that the athlete will achieve successful results
is significantly decreased.

ANNUAL TRAINING PLAN PHASES
AND CHARACTERISTICS

The annual training plan should contain at least three training phases: preparatory,
competitive, and transition phases. The number of times these three phases are per-
formed will depend on the type of cycle that is used (e.g., monocycle, bi-cycle, tri-cycle).
The objectives and characteristics of these phases remain consistent regardless of how
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many times they are repeated throughout the annual training plan. To optimize the
athlete’s development throughout the annual training plan and elevate preparedness
and performance to its highest levels at the appropriate time, each training phase
must be correctly sequenced, completely integrated, and properly structured.

Preparatory Phase

The preparatory phase is probably the most important phase of the annual training
plan. This phase establishes the physical, technical, and psychological base from
which the competitive phase is developed. The adaptations developed as a result of
the increased volume of training in this phase will allow the athlete to better toler-
ate the increase in training intensity that occurs in the competitive phase. However,
if the preparatory phase is inadequate, the athlete’s ability to tolerate training and
maximize performance during the competitive phase will be compromised. The
preparatory phase has the following objectives:

* To acquire and improve general physical training capacity
* To improve the biomotor abilities required by the sport

* To cultivate psychological traits

To develop, improve, or perfect technique

To familiarize athletes with the basic strategic maneuvers mastered in the fol-
lowing phases

* To teach athletes the theory and methodology of training specific to the sport

The preparatory phase lasts 3 to 6 months depending on the climate, sport, and
type of annual plan used (e.g., monocycle, bi-cycle, tri-cycle). For individual sports
the preparatory phase is approximately two times as long as the competitive phase,
whereas for team sports the preparatory phase may be somewhat shorter, but not less
than 2 to 3 months. The preparatory phase is specific to each sport and distinctive
for each subphase (table 6.2). For any sport, the preparatory phase should be divided
into two subphases: general and specific preparation.

General Preparatory Subphase

The general preparatory subphase is used to elevate the athlete’s working capacity,
increase general physical preparation, improve technical elements, and enhance basic
tactical abilities. The primary emphasis of this subphase is to establish a high level of
physical conditioning, which will improve the athlete’s physiological and psychologi-
cal capacity to tolerate the demands of both training and competition. Regardless
of the sport, a sound physical base is an essential component for the athlete. Typi-
cally, the base is established through the use of general and sport-specific exercises
rather than a reliance on sport-specific skill development. For instance, a gymnastics
coach may dedicate the first two or three microcycles to the development of general
and specific strength needed to master a certain technical element in the following
cycles. This concept is valid for other sports in which certain physical attributes can
limit technical progress. Many times the inability to develop technical skill is the
result of an inadequately developed physical base. Therefore it may be warranted to
determine whether the athlete possesses adequate physical support for the technical
performance of an element or skill (11).

Throughout this subphase the plan includes a high training volume, consisting of
exercises that require both general and specific effort. The goal is to improve working
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Table 6.2 Training Objectives for Each Subphase of the Preparatory

Phase
Dominant SUBPHASE
Sport training factor | General preparation Specific preparation
Gymnastics | Physical General and maximal strength | Specific strength and power
Technical Technical elements Elements, half and skeleton
of full routine
Rowing Physical Aerobic endurance Anaerobic endurance
Anatomical adaptation Aerobic endurance
Maximal strength Muscular endurance
Muscular endurance
Swimming Physical Aerobic endurance Anaerobic endurance
v Anatomical adaptation Aerobic endurance
Maximal strength Maximal strength
Maximal power
Swimming Physical Aerobic endurance Aerobic endurance
(800 m) Anatomical adaptation Anaerobic endurance
Maximal strength Muscular endurance
Team Technical Technical elements Apply technical elements in
sports game situations
Tactical Individual and simple team Team tactics
tactics
Physical High intensity exercise Anaerobic endurance
endurance
General and maximal strength | Power development

capacity and psychological drive (determination, perseverance, and willpower) neces-
sary for the sport. For example, the development of aerobic endurance is the main
objective for sports in which endurance is the dominant ability or a major contributor
to performance (e.g., running, swimming, rowing, Nordic skiing). For these sports
70% to 80% of the total training time may be devoted to the development of aerobic
endurance, which can be seen in the kilometers covered in training. In sports for
which strength, power, and speed are important attributes, this subphase will focus
on the development of anatomical adaptations and maximal strength. Increasing the
weight lifted or the volume load of training is an objective way to increase working
capacity and induce adaptations necessary for the sporting activity.

The process is somewhat different for team sport athletes in that while developing
the physical base these athletes must also spend substantial time developing techni-
cal and tactical skills. Although technical and tactical improvements are important
aspects of the training process, the plan must not neglect the development of high
intensity exercise endurance, strength, and speed because these components of the
physical base lay the groundwork for future performance accomplishments.

In most sports, the type of training used in the preparatory phase, especially the
general subphase, plays a major role in determining the athlete’s performance capacity
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during the competitive phase. Insuf-
ficient emphasis on training volume
during this subphase may account
for poor performances, lack of
consistency, and a decrease in per-
formance capacity during the later
portion of the competitive phase.
Consequently, 15% to 25% of the
training for the preparatory phase
should be allocated to this subphase,
with the rest of the preparatory
phase consisting of sport-specific
preparatory activities. The duration
of the general preparatory phase will
be longer with novice athletes and
should be progressively reduced for
advanced athletes.

Increasing training volume during
the general preparatory subphase
Establishing a high level of physical conditioningis  is the primary emphasis; although
important before beginning specific training tasks. training intensity is important, it is

a secondary factor in the prepara-
tory phase. Intensive training can be undertaken but should not exceed 40% of the
total amount of training in this subphase, particularly for beginners and juniors. It
is important to remember the objective of increasing working capacity during this
subphase. With the increases in training, volume fatigue will increase markedly and
thus preparedness will decrease greatly, reducing performance capacity. Therefore, it is
inadvisable to compete during this subphase because the athlete will have a high level
of fatigue, which will reduce performance capacity and increase the risk for injury (59,
60). When the athlete is highly fatigued as a result of training, technical skills will be
relatively unstable and the athlete’s ability to perform specific tactical maneuvers will
decrease. Competition during this subphase also can negatively affect the athlete’s
psychological status, and it decreases the amount of time that can be dedicated to
developing the physiological base needed to expand the athlete’s capabilities.

© Human Kinetics

Specific Preparatory Subphase

The specific preparatory subphase, or the second part of the preparatory phase,
represents a transition from an emphasis on physical development to an emphasis
on competition. Like the general preparatory subphase, the specific preparatory
subphase has the objective of increasing the athlete’s working capacity. However, in
this subphase the emphasis in training is on sport-specific activities. Although the
volume of work is high during this subphase, the primary emphasis (70-80% of total
work) is on specific exercises related to the skills or technical elements of the sport.
Toward the end of this phase the volume begins to progressively decrease, allowing
for a gradual increase in the training intensity.

For sports in which intensity is important (e.g., sprinting, jumping, and team
sports) the training volume may be lowered by as much as 40% in the later portions of
this subphase. A different approach would be taken for sports that rely on technical
mastery and coordinated movements, such as figure skating, diving, and gymnastics.
In these sports it is essential that the athlete continue to perfect and develop the
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technical proficiency necessary for success during the competitive phase. Similarly,
in team sports, racket sports, and martial arts, the specific preparatory subphase
should focus on the development and improvement of sport-specific technical and
tactical elements. This is accomplished with specific exercises that target the prime
movers, movement patterns, and technical skills required by the sport. These exercises
must be performed in such a way as to create a link between the physical attributes
developed in the general preparatory subphase and the technical and tactical skills
necessary for successful competition. Although the major emphasis is on technical
and tactical skill development, a secondary emphasis should be on maintaining
general physical development. This secondary focus should contain only a few exer-
cises for general development (a maximum of 20%) that contribute to the athlete’s
multilateral development.

As the athlete’s training shifts toward specialized training, there should be pro-
gressive improvement in performance-based testing and athletic performance. In
the later stages of this subphase, competitions can be used as evaluative tools that
provide feedback about the athlete’s preparation for competition, specifically her
technical and tactical development. Information garnered from these competitions
can be used to modify training plans to address specific deficiencies.

Competitive Phase

Among the main tasks of the competitive phase is the perfection of all training fac-
tors, which enables the athlete to compete successfully in the main competitions or
championships targeted by the annual training plan. Several general objectives are
addressed during the competitive phase, regardless of the sport:

* Continued improvement or maintenance of sport-specific biomotor abilities
* Enhancing psychological traits

* Perfecting and consolidating technique

* Elevating performance to the highest level

* Dissipating fatigue and elevating preparedness

* Perfecting technical and tactical maneuvers

* Gaining competitive experience

* Maintaining sport-specific fitness

As the athlete progresses to the competitive phase, it is important that the level of
physical development established during the preparatory phase be maintained. Main-
tenance of the physical attributes developed in previous phases is important because
they support the other training factors that are developed during the competitive
phase. This can be accomplished by dedicating 90% of the total physical preparation
activities to sport-specific activities such as skill-based conditioning exercises (19) or
small-sided games in team sports (41). The remaining 10% of the planned physical
preparation activities can come from nonspecific or indirect activities, such as active
rest or game-based activities that are not directly related to the sport being trained.

The objectives established for the competitive phase are met by the use of sport-
specific training activities that can include technical and tactical exercises. Included
in this process may be the use of simulated, exhibition, and actual competitive events.
It is essential that the training activities are sport specific to stimulate performance
improvement, stabilization, and consistency. As the athlete progresses through
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the competitive phase, training becomes more intensive while training volume is
decreased. For sports dominated by speed, power, and maximum strength (e.g., sprint-
ing, jumping, throwing, weightlifting) training intensity can increase dramatically
while the volume of training is progressively decreased. In endurance sports (e.g., dis-
tance running, swimming, cross-country skiing, canoeing, rowing) training volume
can be maintained or only slightly lower than that seen in the preparatory phase. An
exception to this practice occurs during the competitive microcycle, when intensity
decreases according to the number of races and the level of competition.

As the athlete progresses through the competitive phase, the alterations to the
training plan should elevate preparedness and increase performance. The structure
of the training plan will play a large role in stimulating these effects; if the plan is
structured correctly, the athlete will optimize performance at the appropriate time.
If performance begins to decline or becomes stagnant, it is likely that the amount
of work was decreased too much, reducing physical capacity, or that the work was
maintained at too high a level and fatigue is masking the potential performance
gains. The modulation between work
and performance appears tobeanart
based on science, and the integration
of athlete monitoring and coaching
experience will guide the decisions
made during this phase of training.

The length of the competitive
phase depends on the sport and the
type of annual training plan. Long
competitive phases are typically
seen in team sports as a result of
the set league schedules. Conversely,
athletes in individual sports have
more freedom in determining their
competitive schedule, allowing for
more control over the length of the
competitive phase and the structure
of training leading into the major
competition of the year. Regardless
of the sport, one of the most impor-
tant factors in determining the dura-
tion and structure of the competitive
phase is the phase’s start date. When

AP Photo/Gerry Broome/FILE

Annual training plans should be structured to
account for the possibility of reaching a major
championship competition.

structuring the competitive phase
and its start date consider the fol-
lowing parameters:

* The number of competitions required to reach the highest performance. On
average it takes between 7 and 10 competitions to achieve the highest perfor-

mance results.

* The amount of time or interval between competitions.

* The duration of eventual qualifying meets.

* The time required for special preparation before the main competition of the year.

* The time needed for recovery and regeneration.
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When structuring the competitive phase of the annual training plan it may be
warranted to divide the phase into two subphases: the precompetitive phase and the
main competitive phase.

Precompetitive Subphase

The precompetitive phase generally contains unofficial competitions or, in the case
of team sports, exhibition games. Although this subphase is an integral part of the
competitive phase, the objective is not to achieve the highest level of competition.
This subphase should serve as a training tool in which the athlete participates in
exhibitions or unofficial competitions as a means of preparing for later events. One
of the main reasons for the use of exhibition or unofficial contests is to allow for
objective feedback about the athlete’s training level and preparedness for future
contests. These competitions will allow for the evaluation of all technical, tactical,
and physical skills under competitive conditions. Exhibitions and unofficial competi-
tions should not significantly alter the training program, especially for elite athletes,
because these contests provide a testing ground for the main competitive subphase,
when the official contests begin.

Main Competitive Subphase

The main competitive subphase is dedicated strictly to maximizing preparedness,
thus allowing for superior performances at the main contests. The number of training
sessions contained in this subphase should reflect whether athletes are participat-
ing in a loading or regeneration (unloading) microcycle. A loading microcycle may
have 10 to 14 sessions per week, whereas an unloading microcycle will contain much
fewer sessions, thus facilitating a decrease in fatigue and an elevation in preparedness
prior to the competition. The training content of this subphase should be centered
on sport-specific methods and the maintenance of specific physical development.

Although the training volume may still be high for endurance sports, the coach
can reduce the training volume to 50% to 75% of the level of the preparatory phase
for sports that require technical mastery, speed, strength or power. While volume
is decreasing the intensity of training gradually increases, with the highest levels
occurring 2 or 3 weeks prior to the main competition. During this subphase, train-
ing sessions with maximal intensity should not occur more than two or three times
per week. In the last 8 to 14 days (one or two microcycles) prior to the competition,
a taper or unloading period should be used (see chapter 7 for more information).

The stress curve will be elevated during the competitive phase as a result of the
increased intensity of training and the participation in competitions. The stress
curve should have an undulating shape, reflecting the fluctuations between stressful
activities (competitions and intense training sessions) and short periods of regenera-
tion. The harder a competition or training session, the higher the stress curve and
the longer the compensation phase needed to reduce the amount of accumulated
stress or fatigue.

If possible, the coach should arrange competitions progressively in order of impor-
tance, concluding with the main competitions. Another organizational strategy is
to introduce main competitions interspersed with lesser competitions that allow
the athlete to continue to train drastically altering the training plan. This second
strategy is possible with individual sports but may not be feasible with team sports
and a set league schedule.

Six to eight microcycles prior to the main competition, focus the training program
and daily cycle on the specific requirements of the competition. This will maximize
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the athlete’s physical, technical, tactical, and psychological preparations for the
main competition. Preparing the athlete for the specific competitive environment
and demands will prevent any surprises and enhance the athlete’s performance. In
this portion of the competitive phase, 8 to 14 days of unloading will be used to peak
the athlete (see chapter 7).

Unloading or Tapering Subphase The unloading or tapering phase is the best way to
elevate the athlete’s preparedness and stimulate a supercompensation of performance
that will increase the athlete’s performance potential during the competition.
Peaking is accomplished via manipulating both volume and intensity to reduce the
accumulated fatigue stimulated from previous training and competition, which will
allow the athlete to rest and regenerate before the major competition.

The unloading or tapering subphase should last 8 to 14 days and can use various
methods of reducing volume and training intensity (see figures 7.3 and 7.4 on pp. 190
and 193 and chapter 7 for more details). The strategy used for unloading during this
subphase depends largely on the type of training undertaken and the individual sport.
Classically, for endurance sports, some suggest reducing intensity and maintaining
volume, because endurance athletes were thought to tolerate high-volume training
better than high-intensity training (figure 6.20). However, contemporary literature
suggests that it may be warranted to reduce training volume and maintain training
intensity (8, 31, 37, 48). During the first microcycle of unloading, the process will
involve reducing the number of daily training sessions and modulating training
intensity to begin the recovery process. The coach should eliminate all extraneous
activities that can contribute to the athlete’s fatigue and encourage the athlete to
use free time to rest and recover for the pending competition. In this portion of the
unloading period, it may be warranted to reduce the volume and frequency (two ses-
sions per week) of strength training. Further reductions in the volume and intensity
of training may be planned during the second microcycle of the unloading period.
This can be accomplished by limiting strength training to one or two sessions or
removing strength training completely depending on the sport. The volume and
intensity of other training factors also should be reduced.

The same unloading approach is used for sports dominated by speed, power, or
technical proficiency. In the first microcycle the training volume is reduced by 40%
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Figure 6.20 Unloading phase for an endurance sport.
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to 50%, depending on the level of training undertaken prior to the taper. This period
should include several short but high-intensity sessions to maintain the adaptations
induced by previous training phases (figure 6.21). A two-peak microcycle structure
may be used during the first microcycle of this subphase, butlong rest intervals need
to be included between repetitions to help dissipate fatigue and stress. During the
high-intensity training session, all exercises should be dynamic and of short dura-
tion and should contain medium- to high-intensity loading. The other sessions in
the microcycle should alternate submaximal intensities between low and very low
intensities. With these types of sports, the volume and frequency of strength train-
ing should be reduced while maintaining moderate to high intensities. Complete
removal of strength training may not be warranted because power and speed are
highly dependent on strength levels.

During the second microcycle of this subphase, in which the main competition
occurs, the coach continues to reduce training volume and the intensity of train-
ing.

Only one peak occurs during the early portion of this microcycle. Across this
microcycle the objective is to maximally reduce fatigue and stress while increasing
preparedness and maintaining the physiological adaptations that have been estab-
lished.

A slightly different approach may be used when working with team sports where
both training volume and intensity are equally important. During the first microcycle
of the unloading phase, the coach should reduce the work volume to produce the
unloading effect (figure 6.22). This can be accomplished by progressively reducing
intensity across the microcycle while having two intense training sessions of 50% to
60% of maximum. During the second microcycle of this subphase, the coach should
continue to reduce the volume and intensity of training, reducing volume to a greater
extent than intensity. This subphase can include a two-peak microcycle, the first peak
of which is performed at higher intensity than the second (15-20% less than the first
peak). Two days prior to the competition, the athlete should undergo short training
sessions of low to very low intensities (figure 6.22). For more details on tapering or
peaking athletes for competition, refer to chapter 7.
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Figure 6.21 Unloading phase for a speed- or power-dominated sport.
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Figure 6.22 Unloading phase for a team sport.

Special Preparation Period The special preparation period can be organized
separately or in concert with the unloading phase and contains activities designed
to enhance performance in the most important competition in the competitive
phase. The special preparation period can last between 3 and 7 days, depending on
the characteristics of the competition. During this phase certain training aspects,
especially tactical elements, are altered according to the latest information on
opponents or the competitive schedule. The vast majority of the training in this
phase follows the model concept, with the purpose of enhancing preparation for the
upcoming competition. One aspect that has important implications for the final
result is the special psychological preparations that target relaxation, confidence
building, and motivation. However, these techniques should be used cautiously
because overemphasis on psychological elements can impair performance. Each
athlete is different and will require specific preparation activities to meet her
individual needs.

Transition Phase

After long periods of preparation, hard work, and stressful competitions, in which
both physiological and psychological fatigue can accumulate, a transition period
should be used to link annual training plans or preparation for another major com-
petition, as in the case of the bi-cycle, tri-cycle, and multicycle annual training plan.
The transition phase serves an important role in preparing the athlete for the next
training cycle. The athlete should start the new preparatory phase only when fully
recovered from the previous competitive season (10). If the athlete initiates a new pre-
paratory phase without full recovery, it is likely that performances will be impaired
in future competitive cycles and the risk of injury will increase (10).

The transition phase, often inappropriately called the off-season, links two annual
training plans. This phase facilitates psychological rest, relaxation, and biological
regeneration while maintaining an acceptable level of general physical preparation
(40-50% of the competitive phase). Training should be low key; all loading factors
should be reduced, with the main training components centering on general training,
with minimal, if any, technical or tactical development (10, 39). The transition phase
generally should last 2 to 4 weeks but could be extended to 6 weeks (10, 39). Under
normal circumstances the transition phase should not last longer than 6 weeks.

(9]
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There are two common approaches to the transition phase. The first and incor-
rect approach encourages complete rest with no physical activity; the term off-season
fits perfectly. This abrupt interruption of training and the complete inactivity can
lead to significant detraining even if only undertaken for a short period of time (<4
weeks) (49, 50). This detraining effect can cause a substantial loss in the physiological
adaptations established in the previous months of training.

Some authors have suggested that an abrupt cessation of training by highly
trained athletes creates a phenomenon known as detraining syndrome (or relaxation
syndrome) (49, 50), exercise abstinence, or exercise dependency syndrome (38). This
type of detraining appears to occur in athletes who either intentionally cease train-
ing or are forced to stop training in response to an injury (38). Detraining syndrome
can be characterized by many symptoms including insomnia, anxiety, depression,
alterations to cardiovascular function, and a loss of appetite (see the bottom of this
page for additional symptoms). These symptoms usually are not pathological and
can be reversed if training is resumed within a short time. If the cessation of train-
ing is prolonged, these symptoms can become more pronounced indicating that the
athlete’s body is unable to adapt to this sudden inactivity. The time frame in which
these symptoms manifest themselves is highly specific to the individual athlete but
can occur within 2 to 3 weeks of inactivity and will vary in severity.

Simply decreasing the level of training can also stimulate a detraining effect
that will decrease physiological (table 6.3) and performance capacity (49, 50). The
magnitude of the detraining effects will be related to the duration of the detraining
period. Short-term detraining, which occurs in less than 4 weeks, can result in some
significant decreases in endurance (49) and strength performance (32, 49).

In endurance athletes, short-term detraining has been reported to result in a 4%
to 25% decrease in time to exhaustion and a substantial reduction in endurance per-
formance (49). It has been postulated that the reductions in endurance performance
are largely dictated by the decline in cardiorespiratory fitness noted in response to
short-term detraining (30). Maximal aerobic capacity can be reduced by 4% in as little
as 4 days of detraining (86), decreased by 7% within 3 weeks of the cessation of train-
ing (9), and reduced by 14% in as little as 4 weeks of detraining (49). If the detraining
period is extended to 8 weeks, aerobic capacity can continue to decrease up to 20% of
predetraining values (50). These reductions in aerobic capacity are most likely related
to specific alterations to the cardiorespiratory system including decreases in blood
volume, stroke volume, and maximal cardiac output (table 6.3). These detraining-
induced physiological alterations appear to occur progressively and proportionally
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POTENTIAL SYMPTOMS OF DETRAINING SYNDROME

® |Increased occurrence of dizziness and ® |ncreased incidence of headaches
fainting * Loss of appetite
* Nonsystematic precordial disturbances o areased inddlene 6 frsermie

® |ncreased sensation or occurrence of cardiac .

; Occurrence of anxiety and depression
arrhythmias

) ) * Profuse sweating
® Occurrence of extrasystolia and palpita-

. e Gastric disturbances
tions

Adapted from Mujika and Padilla 2000 (49).



Table 6.3 Short-Term (<4 Weeks) and Long-Term (>4 Weeks) Detraining Effects

Physiological factors altered Short term Long term
by detraining Detraining characteristics (<4 weeks) (>4 weeks)

Cardiorespiratory Maximal oxygen uptake U U
Blood volume

Submaximal heart rate
Recovery heart rate

Stroke volume during exercise
Maximal cardiac output
Ventricular mass and dimension
Mean blood pressure

Maximal ventilatory volume
Submaximal ventilatory volume
Oxygen pulse

Ventilatory equivalent

Endurance performance

EE D E D E D s EE DS s =

Skeletal muscle Capillary density

e E D E D E D EEE DS 2=

Arterial-venous oxygen difference
Altered

Fiber type distribution

=

Fiber cross-sectional area

Type ll:I area ratio
Muscle mass
EMG activity

Strength power performance

e e e e e <

Oxidative enzyme capacity

Glycogen synthase activity
Mitochondrial ATP production
Metabolic characteristics Maximal respiratory exchange ratio
Submaximal respiratory exchange ratio
Insulin-mediated glucose uptake

Muscle GLUT4 protein content

e e e o =

Muscle lipoprotein lipase activity

Postprandial lipemia

High-density lipoprotein cholesterol
Low-density lipoprotein cholesterol
Submaximal blood lactate

Lactate threshold

Bicarbonate level

Muscle glycogen level

e E e E D EE D EEE D 2 EEE s e

= e EE =2 E =

Adrenaline-stimulated lipolysis

Adapted from Mujika and Padilla 2000 (49, 50).

U = decrease, T = increase, — = no data available; EMG = electromyographic; ATP = adenosine triphosphate; GLUT4
= glucose transporter-4.
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to the training status of the athlete, thus suggesting that highly trained endurance
athletes will experience a greater magnitude of decline in both physiological and
performance capacity.

Short-term and long-term detraining can also produce marked alterations in
strength and power performance. For example, 4 weeks of detraining in which strength
training is completely removed from the training plan results in a 6% to 10% reduc-
tion in maximal muscular strength (23, 32) and a 14% to 17% decrease in maximal
power generation capacity (32). These reductions in strength power performance may
be related to preferential atrophy of Type II muscle fibers (29, 67) and a reduction in
neural drive (1, 22-24). The reduction in the ability to express muscular strength and
power characteristics depends on the magnitude of the reduction of muscle cross-
sectional area and electromyographic activity.

The extent of strength and power performance and physiological detraining-
induced maladaptations depends on several factors including the duration of
detraining and the training status of the athlete. Although the largest decrease in
the expression of muscular strength occurs during the first 4 weeks (10% decrease),
extending the detraining period to 8 weeks will result in a continued performance
reduction (11-12% decrease) (23, 49, 50). These reductions in performance appear to
occur at a greater rate and magnitude in highly trained individuals compared with
recreational athletes and untrained people, because the latter appear able to main-
tain both strength and power performance in response to 2 to 3 weeks of detraining
(29, 35, 51).

If training completely stops during the transition phase, it is likely, depending on
the length of the phase, that the athlete will lose a substantial amount of the physi-
ological adaptations gained from the previous training period. When this occurs,
the athlete will spend a large portion of the next preparatory phase attempting to
reestablish the physiological adaptations that were gained in the previous training
period, which limits the athlete’s ability to continue to improve. Conversely, if the
athlete uses an active rest period during the transition phase, she will retain a larger
portion of her physiological adaptations and continue to develop both physiological
and performance capacities during the next general preparation phase.

In the second approach to the transition phase, active rest is used to minimize
the loss of physiological function that occurs when passive methods are used. Active
rest refers to participating in a compatible sport or using a period of low-volume and
low-intensity training within the athlete’s sport (71). By using this approach, the
athlete will be able to minimize the loss of physiological adaptation and maintain
some level of general fitness.

The transition phase begins immediately after the completion of the main com-
petition and can last between 2 and 4 weeks. During the first week after the compe-
tition, active or passive rest can be used. Passive rest may be necessary if the athlete
has injuries. If active rest is used during this microcycle, the volume and intensity of
training are substantially reduced and may target movement patterns or activities
thatare not used in training. During the second to fourth microcycle of the transition
phase (in a 4-week transition), the volume and intensity of training can remain low
or can increase slightly. The activity used for active rest must match the bioenergetic
characteristics of the sport being trained for. For example, a cyclist may use cross-
country skiing or running as a transition activity, whereas a volleyball player may
use basketball. The transition phase is a period during which the athlete can recover
physically and psychologically while minimizing the loss of fitness.
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The transition phase has an additional purpose. During this phase, the coach
and athlete should analyze the training program, performance results, and testing
outcomes. This is an essential task because it will allow the coach and athlete to make
specific changes to the athlete’s next annual training plan.

CHART OF THE ANNUAL TRAINING PLAN

Now that the basic concept of periodization and the main objectives of each training
phase and subphase have been presented, an annual training plan can be constructed.
Charting an annual training plan requires an understanding of the relationships
between the training components and stress that these factors impart upon the ath-
lete. During this process decisions must be made about when the major competitions
are, the ratio of training factors contained in each phase, and the sequencing of the
training phases. Successful training planners are able to use their knowledge about
training and its physiological responses to develop training plans that will induce
specific outcomes.

Annual training plans for all athletes are constructed with the same basic steps, but
each plan, and thus the chart, must be individualized to the sport and the athlete’s
needs. Several examples of annual training plan charts are provided in this text (see
the following sections), and readers can either adapt these examples or create their
own charts.

Chart of a Monocycle Annual Training Plan

The first annual training plan presented (figure 6.23) is a monocycle, which is the
simplest form of an annual training plan. Although figure 6.23 is structured for
rowing, the format can be used as a template when creating an annual training plan
for any sport that uses a monocycle model.

The top part of the chart contains a list of the athletes’ names, followed by objec-
tives that are generated by the coach alone or through consultation with the athlete.
The first objective set is for performance, which should be a measurable performance
(such as a time or distance), a ranking to achieve, or a combination of both perfor-
mance and ranking (e.g., win six games and place fourth at the junior champion-
ships). Objectives for tests and standards should be described briefly, as suggested in
the section on training parameters. After this is completed, objectives should be set
for each of the training factors (e.g., physical, technical, tactical, and psychological
preparation). The objectives of each training factor should emphasize the improve-
ment and perfection of areas of weakness that have been noted from previous testing
and performance analysis. The objectives of the training factors, tests, standards, and
performance should all be interrelated. Achieving the objectives set for the training
factors and tests and standards should increase the athlete’s likelihood of achieving
performance objectives at the appropriate time.

Below the objectives section is the schedule of competitions, which is the most
important training parameter needed when establishing the annual training plan.
This is why each sport governing body, collegiate sport conference, and national
sports federation should set its competitive schedule immediately after the current
year’s championship. Without the competitive schedule, coaches cannot appropriately
structure the annual training plan.

The coach should construct the chart from right to left around the competition
dates by placing the main competition, be it provincial, national, world champion-
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Athlete’s name Training objectives
Performance | Tests/Standards | Physical prep | Technical prep | Tactical prep | Psychological prep
Top 14 men and top
24 women following Men As per 1. Increase the | 1. Perfect all 1. Perfect 1. Improve con-
the last rowing -1 crew: 3-5 section 6 volume of details of the the start. centration, for
ergometer test -1 crew: 5-9 training. modern- the start.
-5 points orthodox 2. Duplicate
2. Develop the | technique. the optimal | 2. Improve
Women dominant curve of the fighting power
-3 crews:1-3 biomotor 2. Maximize the| races’ fatigue | for the finish
-1 crew: 4-6 abilities lever ratio, coefficient. of the race.
-2 crews: 4-9 (aerobic and | optimal drive
-12 points anaerobic through the
endurance, water.
Total points muscular
(M&W) =17 endurance,
and power).
Dates Months Sept Oct Nov Dec Jan Feb | March | April | May | June July Aug
Weeks 9[16[23[30] 7 [14]21]28] 4 |11]18[25] 2| 9116(23)30[ 6 |13[20(27| 3 [10[17[24] 2 | 9 |16(23)30] 6 |13[20(27| 4 | 11]18[25] 1 | 815[22129| 6 [13]20[27| 3 |10]17[24]31
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Medical control X X X
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Rest |I
%100 — SEARE IS
Volume "o TE T = (ASENERINER
& ..... |ntenSIty 80 , ;‘ . P ...:. ". T ¢0 .-.- - \ =
% ecoe Peaking 70 S AR R ole Qadphs -.
£ 60 O 2 1l
o| Il Phys prep L -
£ 50 RV T
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Figure 6.23 Annual training plan for the 1980 Olympic Games.
T = transition, prep = preparation.

ship, or Olympic Games, on the right-hand side of the chart and allowing room (4-6
weeks) for the transition phase. In figure 6.23 the major competition occurs on July
20. This date dictates how to list the remaining months and weekends in the plan-
ning chart. There should be 52 boxes; one for each weekend when, in most cases,
competitions are organized. In figure 6.23, the Olympic finals are scheduled on July
20, so the transition phase is placed to the right of that date and corresponds to the
month of August. All other months are then listed from right to left, suggesting that
under normal circumstances the preparatory phase may commence in September of
the previous year. To the left of the main competition of the year, all other contests
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that the athlete will participate in are listed. Symbols or color are used to differentiate
main, important, and exhibition competitions. The coach should indicate whether
the competition is domestic or international and place the location of the competi-
tion in the space provided.

Once the dates and locations of the competitions are recorded on the training
chart, the annual training plan can be divided into training phases, working from
right to left. In figure 6.23, the line for periodization contains the three classic phases
(preparatory, competitive, and transition phases). The transition phase is planned for
August, whereas the competitive phase is 16 weeks long, from April 6 to July 20. The
remaining weeks are used for the preparatory phase (October 7 to March 30) and an
initial transition phase (September 9-30). Either a color code or lines can be used to
indicate where each phase begins or ends.

After establishing the training phase, the coach divides the annual training plan
into individual macrocycles based on the schedule of competitions, the objectives
of training, and the similarities of the methods used to achieve the objectives. In
figure 6.23 the transition phases (September and August) are considered as separate
macrocycles. Although the main competition or tournament is of short duration,
the optimization (peaking) of preparedness during the days or week(s) prior to the
competition warrants a separate macrocycle. Furthermore, the period preceding the
main competition (three microcycles in this example), when preparedness is elevated,
is a separate macrocycle.

Another short macrocycle is specified for the week following the two competitions
in Europe, namely Griinau and Lucerne. After these competitions against some of
the finest competitors in the world, competition- and travel-induced fatigue will be
high and a recovery macrocycle is planned before the next macrocycle, which leads
into the Olympics. A 4-week macrocycle is used for these two international competi-
tions because they are approached in a cyclical fashion, each having one microcycle
for training and one for unloading and competition. Another 4-week macrocycle,
containing three microcycles of specialized training and one microcycle of unload-
ing, is planned to precede the time-trial race in Welland.

The longest macrocycle (six microcycles) of the annual plan will precede the three
microcycles of specialized training. During these six microcycles, the main objective
is to develop aerobic endurance. During this cycle the athletes participate in two long-
distance regattas in British Columbia (BC). The macrocycle from February to March is
also long (five microcycles) and is designed to convert maximal strength to muscular
endurance. The two macrocycles prior to this macrocycle (December to January) have
some similarities (developing maximal strength and aerobic endurance). Throughout
most of December, the athletes will work on developing aerobic endurance through
rowing ergometer work, running, and cross-country skiing. General development,
building the foundation for strength training, and aerobic endurance are among
the main objectives of both cycles. Finally, after dividing the annual training plan
into macrocycles, the coach can number them from left to right (first to last). Each
macrocycle is referred to by number.

After determining and numbering the macrocycles, the coach determines the dates
for testing and medical controls. The first test should be conducted during the micro-
cycle prior to the first macrocycle of the preparatory phase, especially for prospective
athletes. The results of these tests will be used to compute optimal load, number of
repetitions, and amount of work planned for training. It is a recommended that all
athletes be tested prior to initiating a new training program so the coach can gauge
their training status. During the preparatory phase, it may be advisable to test the
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athlete at the end of each macrocycle to assess progress toward training objectives
and to continually adjust the training load to meet the athlete’s changing physiologi-
cal status. During the precompetitive and competitive phases, specific competitions
are used as testing days. These competitions can reveal the athlete’s progress toward
specific objectives of the annual training plan.

Three or four medical evaluations during the annual training plan should be
sufficient. The first should occur prior to the preparatory phase so that the athlete’s
health status is known before she begins a new training plan. Unhealthy individu-
als will require a different training plan structure that could include a prolonged
regeneration and rest phase or a period of rehabilitation. Other medical control dates
should be placed before and after the competitive phase. A long competitive phase
may require at least one extra medical control date to effectively monitor the athlete’s
health status. Medical information collected during the last control can influence the
length and type of transition phase used for each athlete. Medical controls should be
conducted by a physician with a background in sport who understands the demands
of training and the physiological responses to training.

The next section of the chart indicates locations of preparation during the annual
plan. The coach can use different colors or, as in figure 6.23, draw an arrow to point
out the training time at the club, in camps, or in semicamps. The chart should
indicate periods of rest, including the transition phase. Sundays are not necessarily
shown on the chart if they are the only days off. Two or three holidays or rest days
(e.g., a religious holiday or the day after an important competition) are indicated by
anarrow bar in the appropriate box.

Once most of the athlete’s activities have been recorded on the chart, the percent-
age of each training factor per macrocycle can be calculated and placed on the chart.
Once the percentages are established, the training component and peaking curves
can be added to the chart. To distinguish quickly between each training factor, the
coach may use different colors or symbols. The emphasis placed on each training
factor depends on the specifics of the sport, the strengths and weaknesses of the
athletes, and the phase of training. For example, during the first macrocycle of the
annual plan the major emphasis usually is general physical preparation regardless of
the sport. If the first macrocycle targets general physical preparation, then the second
macrocycle will focus on specific physical preparation that is directly related to the
demands of the sport. The factor that is focused on is the major emphasis, but other
factors such as tactical or technical training are not excluded; rather these factors are
trained but with a lower emphasis. This basic approach can be used with individual
or team sports and allows for phase potentiation throughout the training plan.

Another important factor in deciding what weight to place on each training factor
is performance level. The limiting factor of improvement for prospective athletes is
generally considered to be technical proficiency. However, recent evidence suggests
that muscular strength may be the most important factor because it is strongly related
to technical abilities (79). Once basic technique is established, physical preparation,
particularly specific physical preparation including the continued development of
muscular strength, appears to be the limiting factor associated with performance
improvements.

Athletes usually begin a new annual training program with workload percentages
between 30% and 50% of maximal work capacity, depending on their performance
levels. Using workload percentages lower than 30% during the initial stages of the
annual plan commonly results in low levels of improvement across the year. However,
in a year following the Olympic Games, participating athletes may allow themselves
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a longer rest period, so the volume of training for the new plan will be lower, possibly
around 20% and 30% of maximal. An annual training program preceding the Olym-
pics should begin with a volume of training of around 40%. The curve that repre-
sents the volume of training is progressively elevated through the preparatory phase,
reaching its summit at the end of the general preparation phase and the beginning
of the specific physical preparation phase. Conversely, during the competitive phase,
the curve that represents the amount of endurance volume decreases progressively
to below the curve that depicts intensity. This curve trails the training volume curve
through the preparatory phase and then surpasses it by the middle of the competitive
phase. Both curves undulate more during the macrocycles with many competitions.
The intensity is generally higher during the early part of a microcycle that precedes a
competition and decreases as the competition approaches to allow the athlete to rest
and regenerate before the competition. When volume of training is high, intensity of
training is generally lower. If both volume and intensity are high, the potential for
overtraining increases markedly (16).

During the early part of the macrocycle before the main competition, volume
increases, reflecting an emphasis on high-quality work. Toward the end of this mac-
rocycle the volume decreases, usually in the last two microcycles prior to the next
macrocycle. Training intensity is at first slightly lower than training volume but then
elevates progressively as the competition approaches. During unloading, however,
both curves may drop slightly depending on the type of taper being used. Tradi-
tionally, intensity is not elevated much for endurance sports, allowing both volume
and intensity to be stressed equally. However, contemporary literature suggests that
increasing intensity of endurance training with high-intensity interval training may
allow for volume to be reduced while maintaining performance capacity (40). Sports
characterized by dynamic activities that express high power outputs will require that
intensity be elevated to levels higher than the training volume curve. As for the short
subphase of competitions, volume is down and intensity is up, signifying that most
competitions are intense.

The peaking curve, or preparatory curve as it is sometimes called, is a direct result
of the interplay between volume and intensity that will affect the athlete’s level of fit-
ness or fatigue. The peaking curve generally trails both volume and intensity curves
through the preparatory phase in response to the fatigue that is developed in this
phase. The peaking curve then elevates during the precompetition and competitive
subphases in response to the reduction of fatigue that occurs as volume is decreased.
The peaking curve (preparatory curve) represents the athlete’s potential for high-level
performance as well as his level of fatigue.

In the sample chart for an annual plan (figure 6.23), the magnitude and not the
percentage of each curve signifies the emphasis placed on volume and intensity.
Expressing these curves in percentages rather than in relation to each other is more
complicated; therefore, only experienced coaches training elite athletes should use
that method of expression. Similarly, the stress curve is not included in the chart,
because its shape is affected by (and therefore resembles) the intensity curve; competi-
tion dates also affect the stress curve.

Figure 6.24 presents a hypothetical monocycle for a volleyball team. In this example
amain goal is to qualify for and win the finals of the provincial or state championship
or the university conference championship in the United States. In the example, the
team must qualify for the national championship tournament and place in the top
three teams (third being the most realistic objective). Before the league games there
are three exhibition games, which are a means of testing the team’s abilities.



165

Annual Training Plan

e = - — Ok deud yohsd <
| — — e - T ol oz dad 108
= mu — W 0 10€B]  m— =
. Fl3l oy daid yoa) e
L ofedebe afand 08 deid shyd 3
= == bbbl T o Bupfedd eeee f o
habaled | [ofededobofadobootaboledeboed | bt i [ 1] [E]08 Ausue| aean | G
eodeteos - 2] 06 SUWN|OA\ s
- . [T 001% oA
1sey/dwediwag/dwe)
'S}ep |0J)u0J [edIpaIN
- - - H- -H Sojep bunsa |
g HINE Z 4 4 € 3 ¥ Xopul BUBEad
ZEEH VY[EV[Y|FVI0VBe|BElLE|9E GE|PE|EElce| FEOE[6g 8| L2 9gad v el eq FJOg 6 N8 HZ HON G TV HE NS FOW 6] 8] Z] 9] G| V€ [e |+ SOOI
gl 1 0l 6 8 L 19 S [ v 3 [ SSOAI0TOEN_|
paoueleq a1eIpAyoqied UbiH QUeO UBIH | [€0-MO] &} ‘UI9j0id UPIH 1oIp paouefeg TONIINN -
Sobojel}S UORRSdWOD SenwIS [ SoIbojeRs dwod Ao | Buies [eon TEJIDOJOUIASd | 3
Tone[nTS ouer) GoI0 DS ADY | TOISIne] oo} olseq TOTSMBOY NG | 8
SOUEUSTUTETY 1} UOL 11DV | pests W
31G0IdY SOUBUSTUTEY pUS 0joeds-oWeD | SREREEE S| PUB 01GoIdY SOUEINpUT | S
BCELEED SOUBUSTUTE Mod AUOD | SXIN vV TOUSNS |
T R ) aqﬁmaﬂn_ BSEU DUIITETL |
g ERAER AN REER
5 ol (FRF5SEEEER =515
El 3| IS|gSlgslElRSE EllE uopeso]
® ] omouommoo; S|Q|o suonedwo)
[EMIEME]
X X XXX X X[ XXX oNsaog |
62jee|SV| 8| |vq L0V €| Z20efeV] 9[62fec|SH 8] ¥ [SelaHv Y| ¥ |Ge[st| - v [Be[VelvE| Z [O[Ec[o |6 | [SefBH[VH[¥ [B2[rer |Z [0E[5e[or[6 [2 B2t gt [S SEEY o
AT Jun TN Ay PN G°d Tef 0 ON o) 105 oy SUIUOIN 1€d
‘suonenyis aweb ‘Rupaixeyy b
_ ] . w_wsmﬂ_%w_“% lapnoys 108u8d ‘€ S 9¢g = AllIIdY "¢ ‘pafe/d saweb e
suolenyis Bupew uorenalo SIIDIS [BA1UYDE) 10 %06 UM 'S
-uolstoap o} leq jo sulaped Ile enoidw ‘g "80UBINPUD uw gl =
si1afe|d asodxa pue  [‘uonewloy aroidw| ‘g S Jenosnw 1NoII0 8dURIND 1€
80uspluod pling ¢| Buika|jon pue anoidw| ‘g -us sejnosny "z | = sdiusuoidweyo )
‘siofejd om) Buinids anoidw| g [EUOHEN "¢
"UONJBJJUSIUOD yum Bunoolq jo -uondeel "yibuais Apog wo 8¢ | = sdiysuoidweyd
[eyuaw anoidwy |, Buiwn anosdw) |  entes sroxdwy 7 | 1essusb snosdwy | = dwnleonen | [elounold
["do10 [e0IDOJOYOASd |  doid [eonoeL | doJd [edluyos] | doJd [edISAUd | SPIEepUEIS/SISOL | oouewlood |
saAoalqo buiurel| aweu saB|yly

Figure 6.24 Monocycle annual training plan for a hypothetical volleyball team.

Prep

= maximal strength, Conv pow =

anatomical adaptation, MxS

end

skill preparation, Dev comp strat = develop competitive strategies, cal

preparation, T = transition, AA

advanced
carbohydrates.

endurance, tech = technical, Adv skill prep

conversion power, Regen = regenerate,

calories, carb =

In the example presented in figure 6.24, the periodization section is expanded

compared with figure 6.23. Included in this section are elements of periodization

for strength, endurance, speed, and nutrition. The periodization section can be

manipulated to include elements that meet the specific demands of the individual

athlete or requirements of the sport.

The ratios between the training factors are different in figures 6.24 and 6.23
as a result of the specific requirements of a team sport. In this example, technical
and tactical preparation has a higher emphasis. In the first macrocycle, physical
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preparation is the dominant factor, as it should be with most sports, especially when
there is a long preparatory phase, because the athlete must first develop a physical
foundation. Without solid physical development the athlete may not be able to per-
form the technical maneuvers required by the sport. For example, without significant
muscular strength in the lower body, the athlete may not be able to generate enough
force to jump high enough to spike the ball or block incoming balls.

The volume and intensity curves are presented as horizontal lines to represent
a step-loading pattern and illustrate their percentages, compared with figure 6.23
where curves are used to show the need to stress the intensity component at a much
earlier stage of preparation. In figure 6.24 the volume of training is elevated in the
first four macrocycles, with the intensity curve elevating during the fifth macrocycle.
This reflects the development of maximal strength and the emphasis on game-specific
endurance, agility, and reaction time. Throughout the competitive phase, intensity
remains high, reflecting training activities at this time and the stress of competitions.

Peaking Index

A new parameter is introduced in figure 6.24, the peaking or preparedness index
(58,79, 92). This index represents the athlete’s level of preparedness to compete and
reflects the athlete’s physiological, technical, tactical, and psychological status (table
6.4). To modulate the athlete’s level of preparedness, the training factors must be
manipulated to dissipate fatigue, thus elevating the athlete’s preparedness to perform.
In this process competitions must be prioritized; it would be impossible to peak for
every competition because fitness would begin to decline attributable to spending too
much time at low volumes or intensities of training. Thus varying levels of emphasis
should be placed on specific competitions. Except for high-priority competitions, it
is not essential for the athlete (especially elite athletes and teams) to peak for every
competition. In sports in which the competitive phase is long and there are many
competitions, it is not feasible to achieve a true peak for each competition. The athlete
should achieve his highest level of preparedness (peak) for the main competition at
the end of the competitive phase. Therefore, it may be warranted to approach many of
the competitions in the competitive phase of the annual training plan without peak-
ing, thus effectively training through the competition and using minimal unloading
strategies prior to these competitions. If peaking strategies that include unloading
for every competition in the competitive phase (let’s say 12 games over 6 months in
American university football or 60 games over 10 months in premier league soccer)

were used, significantly lower train-

Table 6.4 Description of the Peaking Index ing volumes and intensities would

Peaking index Level of preparedness (%) occur in the competitive phase,
1 100 which would reduce physiological
5 30 function, muscular strength, physi-

cal preparation,and preparedness to
2 R perform across the season. However,
4 60 this does not mean the athlete will
5 <50 not focus on each game. Rather the

The peaking index will be modulated by alterations in training
load (volume and intensity) and will reflect the athlete’s level of

athlete and coach must determine
the optimal approach to take or the

fatigue, which directly affects preparedness. High levels of fatigue degree of unloading to use prior to
will decrease preparedness, whereas low levels of fatigue will the competition.

increase preparedness. However, if fitness declines too much in
response to prolonged periods of low volume and intensities of

Coaches should use the greatest

training, preparedness will decline. amount of unloading when target-
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ing the most important competitions or the three strongest opponents in the com-
petitive schedule in team sports. In figure 6.24, this is indicated by the peaking index
of 1 and represents a situation where the athlete’s level of preparedness must be atits
highest. To achieve this level of preparedness, the athlete would have to use specific
peaking strategies (see chapter 7). Peaking index 2 represents a level of preparedness
that is approximately 90% of that experienced in level 1. This index would be used
when playing the top two thirds of the league, excluding the top three to five teams.
To achieve this level of preparedness, the athlete would use less reduction in training
volume and intensity compared with level 1. When playing against nothreatening
teams in aleague game or during precompetitive games, athletes would use a peaking
index of 3 (70-80% of maximal preparedness). The training plan should emphasize
technical and tactical objectives rather than winning during precompetitive games.
It may be necessary to achieve this level of preparedness in the special preparation
subphase of a bi-cycle or tri-cycle plan. Peaking index 4, indicated as 60% of maximal
preparedness, represents a level of preparedness typically seen in the preparatory
phase, when the athlete is undertaking high training loads and is not prepared to
compete. A peaking index of 5, which represents 50% or less of maximal preparedness,
is typically seen during the transition phase, where the training workload is at the
lowest level during the annual plan, as are levels of fitness and fatigue.

The peaking index line in figure 6.24 represents the appropriate index for each
macrocycle. At the bottom of this chartis a row for the peaking index, which serves as
a guide by which the index curve is drawn. Although the lines drawn in this example
are straight lines that express the index and magnitude for each macrocycle, the peak-
ing index will actually fluctuate or undulate dramatically in parallel to the fatigue
or stress levels generated by training.

Chart of a Bi-Cycle Annual Training Plan

An annual training plan for a hypothetical team that emphasizes tactical and tech-
nical preparations is presented in figure 6.25. This annual plan has a bi-cycle struc-
ture that contains two main competitions, the first competition being on February
25 and the more important competition being on August 26. The first preparatory
phaseislonger and the volume of training is much greater compared with the second
preparatory phase. Less emphasis is placed on training intensity in the first prepara-
tory phase, thus allowing the athlete to build a solid endurance and strength base.
Because the February 25 competition is not as important as the August 26 event,
the competition phase is shorter during the first cycle. Its duration and number of
competitions suggest that the major emphasis during the first half of the training
year is not placed on outstanding performances. Rather, the emphasis during this
cycle is on improving the athlete’s level of physical preparation in conjunction with
increasing both technical and tactical capacity.

During the second cycle, training volume is dominant for six microcycles and
slightly less important for the remaining 19 microcycles attributable to a longer
competitive phase, throughout which the intensity of training is the major empha-
sis. Volume and intensity of training will vary in response to the training demands
of each microcycle, with short unloading periods occurring before each important
competition. The competitions in the first competitive cycle are organized in a
cyclic manner, whereas those in the second competitive phase are structured using
a grouping method. The approach used in the second cycle allows for training to be
easily divided into training and competitions. After the first competitions (June 3,
10, and 17), the training microcycles that precede the two competitions in July can



168 Periodization

Y B ° [ 4111
& = 0
s S E — 1<) K K51 N ViR
- 1571 IS 2713 A .
Q o o =) > RV &
g | = E) A4 :
2 S 2 DL 4
S <|x JOANOOUB | L o
2 0 I ES A A
2 g 3 o+
S ‘AN 2 Epn e
EEE owoiol |ovf | g 3 [ R 11|
oy ] s [ clo| 19 o|l—[= Ml
[ 2| o] 5| 9| 4 9| 5|~ =] *
o EEENEREENENE .
S - HEEREREERE .&
- 5 EEEEEERS
< ~ 21 | ey I kel el o3
8 o mrnEEEEEESRE Qi TIT1l
5 cl= 3|l olE| § g 8|o)S L
8 EIBE ool |Of-Zl = 8| 4 A == 5] o
o of O [
o[> Aingons| 12| 25| f gf 2| 12 )%
~
N ) 3 18 | M
=HS= QUOIOL o [S] oA e 111
5 g 4 o2l 1%
3 a ol OJUCIO 3 o [ (A s
_2 o] ™ 101 %
o |g =8 o 2] =] 3
®|c = 2| ol >
21£ ale sospuf 21 8f 1o || | [&] [ d Il
9 -
S|2 C EEEERERN NS ]
o — =1 5 Ol N~ 3
& 5 NSUE—E.E ol 1 1=
£ o o251 | Se 18 NJ |
S of2 af 128l [& [ ITHN
Els 5= =EERE S RE |
a < = NERE al [ SR
3 2 [EaAUON E N = - A i
= alo —| o 9 — Te
@ o= o| 9 292l ol | ]
2 == IE@TUUW'_; § gﬁw_ac\l_ £ Pd
o < HEEEEEERR 2
o[> ooo]| o H 5 a|S[ [ P
N £l-9 5 c_8 =] |—] L3
U X g
" R oo || o § 5 gém%t’ -F O
° ] B O . J
= o= o) } — —
5 1= OOIoL A8 [= . [ |
2 3 Q) Sl 1= [< A 1%
% ol z| ) N S Ol
9| <t < -
5 8le 3 @ o Pe | ® 11|
2 g = ||
(2] (=] f{ g A
5} —H < kS 2
et ~ 2] 22 2 / <
5 S K o] [=] | 2
>[® Sl =5~
3= gl X < ol | | L
3 Z[= QE @ ~ .
g - al |l I's [of 1] <A NN
g ] = © N . | T 10
= = ko) omgc\l <t N + ]
2 & CEREEENERE PR
& = aEREC R
~ [0 =1 gv—ﬂlp
0| L — ><
| oy »| <] W uiyead
(=] O O 0O 0O 0O O O O
ol O ®d® O~ O®L T ®A —
2 5 5 |~
ol o
— a 2w | o) L [=%
[ = O
o g R REEREE £ R -
IS IS] <] _— EEREEPRER 1os) 0o =2 25 5 02
2 9
@ PR EEEEEEEREEEER gl |2l | §2% 02256
< &g & EEEREREEERE Clalglyl 2 6 265 5
» S| 95l S FEEEEEEEE S3cle| S 2L s @
@ = = ! = IS T = F= I 1 7 S S Slojofx] = = il
o] _ gwe - ,
= ol . .
z g g3l I I
o | ..
3 z gmﬁ w o e
= ) uonezipolad S|El1C| € ©
& =3 R dB[5| 5 &8
£ ol ol2| @ =
8 al—|[= s} slojoey Bulurel |

Figure 6.25 Bi-cycle annual training plan for a hypothetical team.

Prep = preparation, S = September, T = transition, AA = anatomical adaptation, MxS = maximal strength,
Conv = conversion, Conv pow = conversion power, Gen end = general endurance, An end = anaerobic
endurance, Adv = advanced.

be structured based on an evaluation of the athlete’s performance, technique, and
tactical proficiency during the initial competitions. A similar strategy can be used
during the later stages of the second competitive phase.

Figure 6.25 shows a line on the periodization chart that specifies the 52 microcycles
contained in the annual training plan. This parameter is significant, especially during
the analysis of the previous year’s training program. This analysis can provide infor-
mation about the number of microcycles needed to achieve optimal performance. This
analysis indicates that the current annual plan can accommodate the appropriate
number of microcycles to achieve the highest possible level of performance.
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Annual Tra

which three major competitions are targeted. This type of structure can be used for
sports such as boxing, swimming, weightlifting, or wrestling, where competitions
are spread evenly throughout the training year. Figure 6.26 is a generic example that

Figure 6.26 is an example of an annual training plan with a tri-cycle structure in
does not reference a specific sport.

Chart of a Tri-Cycle Annual Training Plan
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sport specific endurance, Fund

precompetition phase, SP = specific preparatory phase, AA
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sport specific speed training, PC

Figure 6.26 Tri-cycle annual training plan.

Prep
relaxation, Bal

anatomical adaptation, MxS
Adv = advanced, Imag/visual
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In figure 6.26, no training objectives have been set and it is assumed that all
training factors play an almost equal role in determining performance capacity. The
first main competition (April 26) is a qualifying meet for the Pan American Games
(August 2) and the World Championships (December 13). In this example, the athlete
is projected to easily qualify (90% probability) for the first major competition, and
therefore a peaking index of 2 is used. For the next two competitions, a peaking index
of 1 is required to optimize performance at both international competitions.

The annual plan is appropriately organized for each competition and contains the
classic training phases and subphases. However, a transition phase is not included
after the qualifying meet (April 26) because a peaking index of 2 is used, thus indicat-
ing that the athlete was not taken to a peak. Instead of having a transition phase, the
athlete undertakes 2 days of active rest before initiating a new preparatory phase for
the August 2 international competition. A short transition phase, or full microcycle,
is used following this competition after which the athlete begins a new preparatory
and competitive phase. During the lead-up to the World Championships on December
13, the athlete participates in an invitation international meet (Frankfurt, November
8) to gain additional experience in European and international competition.

The first preparatory phase is slightly longer than the other two preparatory phases
and places a greater emphasis on training volume to establish a solid foundation of
general physical preparation. Although the general preparation phases of the other
two cycles are shorter, they also provide enough training volume to continue to
develop the training base. Collectively all three general preparatory phases develop
the physiological characteristics necessary from which to elevate training intensity
during the three competitive phases. The ratios of training factors across the different
phases and subphases of the annual training plan indicate that physical preparation
dominates each preparatory phase. In the macrocycles contained in the competitive
phase, the ratio between the training factors is more balanced between the four train-
ing factors (physical, tactical, technical, and psychological).

Another example of an annual training plan with a tri-cycle formatis presented in
figure 6.27. As with the previous example, the planning chart depicts the periodiza-
tion modeling of the dominant abilities as well as the psychological training factors
across all phases of the training year. This example includes the volume of specific
endurance work in meters per week. The curve of these activities evolves according
to the training phases and follows the tenets of periodization. Because the volume
of specific endurance per week is expressed in precise amounts, a critical element of
objectivity is added to the planning of the training load.

Figure 6.28 on page 172 demonstrates an annual planning chart for swimming in
which training volume and intensity are objectively defined. This example uses a bi-
cycle structure and expresses the volume of training in kilometers per week and the
intensity, in this case speed, as a percentage of maximum. This type of volume and
intensity quantification works well for sports in which training load can be objectively
measured. Examples of such sports include running, cycling, skiing, canoeing, rowing,
and weightlifting. The concept may be modified for sports like gymnastics in which
the training load can be specified by the number of half or full routines performed
each week.

Chart of an Annual Training Plan for Artistic Sports

For sports that require perfect artistry, coordination, or very specific skills, the
annual plan chart will be modified slightly. These types of plans can be structured as
amonocycle, bi-cycle, or tri-cycle plan depending on the number and distribution of
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Athlete’s name Training objectives
Performance Test/Standards Physical prep Technical prep Tactical prep Psychological prep
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Figure 6.27 Tri-cycle annual training plan for an Olympic sprinter.

Prep = preparations, O = October, Comp = Competitive, T = Transition, AA = anatomical adaptation, MxS = maximal strength,
Main & power = maintenance and power, Main = maintenance, Gen end = general endurance, Spec end = special endurance,
Main spec end = maintenance of special endurance, Gen sp = general speed, Max sp = maximum speed, Main & max sp =
maintenance and maximization of speed, Rec = recovery, Relax = relaxation, Sim comp strat = simulate competitive strategies,
Cal = calories, Carb = carbohydrates.

competitions. Figure 6.29 on page 173 illustrates an annual training plan chart that
contains a bi-cycle structure and is designed for gymnastics; however, this format
could easily be applied to other sports such as figure skating, diving, or synchronized
swimming. The first unique aspect of this chart is that the amount of time the gym-
nast will spend learning, repeating, and perfecting halfand full routines is presented
in the middle portion of the chart.

In this example there are two major competitions: the Olympic Games (July 20)
and the World Cup (October 24-26). Before both contests, athletes participate in a
competition to select the team or individual gymnasts. As a part of the normal train-
ing progression, the gymnasts participate in several exhibitions contests during the
precompetitive subphase, one of which may be an international contest (May 25).
After the completion of the Olympic Games, gymnasts have a short transition phase
that contains 3 or 4 days of rest followed by light work.

The chart is based on hypothetical data; therefore, the phases when the athletes
must learn technical elements, exercises, and routines are also supposition. Obviously,
athletes acquire new elements and routines a year before a meet such as the Olympic
Games or World Cup. When athletes begin perfecting an element, they retain only the
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Athlete’s name Training objectives
Performance Tests/Standards Physical prep Technical prep Tactical prep Psych prep
Dates Month Sep Oct Nov Dec Jan Feb March April May June July Aug _ [Sep
Weeks 18]24] 18 [15]22]20] 5 [12]19 [26] 3 [10]17[24]31] 7 [14]21 |28] 4 [11[18[25] 4]11]18[25] 1 [ 8 [15[22]29] 6 [13]20]27] 3 [10]17[24] 1 {8 [15[22]29] 5 [12[19]26] 2| 9
Domestic
International X X[ [X X| X
5
Competitions| Location @ 3 o o
- o 5 | |8 8 g g le S
£ g g | |g § SHERE §
= & £ o) > & |@| |2 =
[Training phase Preparatory 1 Comp 1 T Preparatory 2 Comp 2 T
c Strength AA | MxS Power Main AA MxS Power | Main Rehab
'% Endurance Aerobic | Aero & an Sport specific Aerobic Aero & an Sport specific Aerobic
._g Speed | Gen sp Specific speed | Gen s | Specific speed | | |
2 Psychological Goal settin | Visualization Stress man Visualization | Mental reh Pos thoughts/Stress man| Relax
& Nutrition Bal Protein and carb High carb Bal |Carb Bal | Protein High carb |
Macrocycles 1 2 | 3 4 5 6 7 8 9 10 11 12 13 [ 14 15
Microcycles T[2 31415161718 [O[I0T1 12 [13] 14516117 [18[19] 202122 [23| 242526127 28129130[31[32[33[34/35 361 37 38| 39140[ 41 [42[43 444514647 48] 49150[ 51|52
Peaking index 4 3 2 3 2 4 3 4 3 2 2 5
Testing dates .: . .
Medical control dates
|_Camp/Semicamp
130 %100% o ooe | oo
120 90f 2] otole °13°1 | °re 5 feofe .
ol |, 1| E sof3] FHNRREREERINY 9 SAEEE :
g E 100 5 7oi od* o-ool.. op ..'o . o ole
£ 3 R 60| 5] [t e e - [ - -
212 9 —
o £ £ T 50 = b = b
= g % 80 2 40 g, Ol (o — — o | —— || | | o - —— - —
gl & |7 7 so|=f bt I Oy Hgligi
H I 60 20| © = e ==
. 50 10

Figure 6.28 Bi-cycle annual training plan for a 100 m swimmer.

Prep = preparations, Comp = competitive, T = transition, AA = anatomical adaptation, MxS = maximal strength, Main =
maintenance, Rehab = rehabilitation, Aero & an = aerobic and anaerobic endurance, Gen sp = general speed, Stress man
= stress management, Ment reh = mental rehearsal, Pos thoughts/Stress man = positive thoughts and stress management,
Relax = relaxation, Bal = balanced, Carb = carbohydrates.

elements that will be a part of the final routine. It is highly unlikely that new techni-
cal elements will be learned at this point because there is insufficient time to ensure
that the skill is perfected by the time of competition. The elements that the athlete
will learn and potentially include in the competitive routine should be established
at least 1 year prior to the major contest. Only under special circumstances should a
new skill be introduced in close proximity to a major competition. Such an instance
might occur when a new element is invented or discovered that does not pose alearn-
ing problem or unduly stress the athlete.

The ratio between training factors is unique for gymnastics and other artistic sports
because tactical training plays a minor role and is rarely noted on the annual training
plan chart. In the first macrocycle, physical training should be the dominant training
factor; the development of biomotor abilities such as specific strength is essential. The
development of strength is essential for the gymnast because deficiencies here may
impede the athlete’s ability to develop or master specific technical skills (11). Begin-
ning with the second macrocycle, technical training becomes the major emphasis
along with continued development of physical preparation. This method is valid for
all cycles of the training plan except the tenth, which marks the beginning of the
second part of the annual training plan. The transition phase should be considered
a maintenance phase for physical preparation in this example.
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Figure 6.29 Tri-cycle annual training plan for a gymnast.

Prep = preparations, T = transition, AA = anatomical adaptation, MxS = maximal strength, Main = maintenance, Gen end =
general endurance, Speed end = speed endurance, SS dev = specific speed development, L = learning, R = repetition for
skill automatization, P = perfection, H = half routines or lines, F = full routines.
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Individual Annual Training Plan

Most of the annual training plans that have been presented thus far can be used for
either individual athletes or teams. These charts represent basic training structures
that can serve as rough guidelines for preparing a year of training. However, although
these plans offer specific training information, they do not present the individualized
work necessary for each athlete. Therefore, the development of an individualized annual
training plan as outlined in figure 6.30 (on page 174) might be warranted. This plan
allows the coach to monitor the athlete’s training plan in precise terms, because the
plan incorporates all the means of training the individual athlete would use in train-
ing and more specifically the number of repetitions or mileage for a year of training,
The coach must know the competition schedule in order to create the training
plan. Once the competition schedule is established, the periodization plan can be
developed and the objectives for each macrocycle can be expressed according to the
training phase for each training factor. In figure 6.30, a hypothetical individual
training plan for a high jumper, anatomical adaptation, maximum strength, and
power are developed during the first subphase of training (general preparation). As
the program advances or approaches the competitive phase, the emphasis on other
factors such as technique will increase. As the athlete moves into the transition phase
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Figure

6.30 Individual training plan for a high jumper.

Prep = preparation, Comp = competitive, T = transition, GP = general preparatory phase, SP = specific preparatory phase, PC
= precompetition phase, AA = anatomical adaptation, MxS power = maximal strength power, MxS tech = maximal strength
technique, MxS PT = maximal strength power technique, Tech PT = technique power technique, MxS TP = maximal strength
technique power, Tech P = technique power, GPP = general physical preparation, M = moderate, H = high, L = low.

of the annual training plan, general physical preparation becomes the dominant
training objective.

Training intensity is specified in the annual plan because it will govern the amount
and quality of work for each macrocycle. Intensity can be stated simply on a scale
from low to high, as presented in figure 6.30, or more precisely using the scale pre-
sented in table 4.1 (1 = very low, 2 = low, 3 = medium, 4 = heavy, 5 = maximum, and
6 = supermaximal).

In figure 6.30, the most significant difference between the individual annual train-
ing plan and the other example plans presented in this chapter is the inclusion of a
section that outlines the means of training. This section lists the dominant technical
skills, drills, and exercises that are used to develop specific biomotor abilities. The
repetitions, distance or time, volume load (kg), or kilogram force meters (kgm) that
the athlete achieves during the whole training year are presented adjacent to each
means of training. These figures are then divided per macrocycle, depending on the
objectives and importance of each factor in the succeeding macrocycles. Some exer-
cises are part of the entire year of training (e.g., ankle flexion), and others (exercises
with medicine balls) are specific for the preparatory and precompetitive phases only.
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In figure 6.30, all weight-training exercises are expressed in kilogram force meters,
whereas other exercises specific to the development of power (plyometrics, explosive
weight training) are expressed as the number of repetitions. For example, weight
training that targets the generation of power is calculated as follows: 3,800 repeti-
tions per year X 1 m, or distance traveled by the barbell X 70 kg, or the average load
=266,000 kgm. The bottom of the chart lists tests and corresponding standards with
the progression to achieve those standards.

The individual annual training plan can be used for both individual and team
sports. This type of plan appears to be best suited for individual sports, especially those
with objective means of measurement. However, this plan can easily be adapted to the
needs of team sports. For example, the number of repetitions of a specific skill set or
series of tactical maneuvers can be planned. It is easy to include physical preparation,
tests, and standards in the annual training plan of team sports athletes.

CRITERIA FOR COMPILING AN ANNUAL PLAN

Compiling an annual training plan is an essential part of the training process because
this plan provides the guidelines by which training is directed. The ideal time to
establish the annual training plan is at the end of the transition phase before the
initiation of the next training year. After the athlete completes the main competition
of the year, her improvement and physiological and psychological responses to the
training plan can be analyzed and evaluated. Her rate of improvement or progress,
competition performance, and tests also can be analyzed at this time. The informa-
tion garnered from this analysis will influence the objectives established for the next
training year as well as the structure of the training plan. The coach will use these
observations coupled with the upcoming competitive schedule to establish the next
year’s training plan.

Each year’s competitive schedule, including national and international events, is
set by the national or international federation. Each regional organization bases its

These dates must be available by the

competition calendar on this schedule.
° ) v.

transition phase of the previous year’s \J
annual training plan; otherwise, the ELEMENTS OF AN ANNUAL
nextyear’s annual training plan cannot
be established. Once the annual train- TRAINING PLAN
ing plan is established, individual or 1. Introduction
small-group training pla.nst can be . Flimogseaiioande
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literature, attending conferences, net- 9. Athlete or team organization and administra-
working with other coaches, and closely tion model (including budget and equipment
observing the training process of their needs)
athletes. The coach will modify and )\ (o



176 Periodization

adapt the annual training plan in parallel with her increased knowledge and experi-
ence. The more organized the coach, the easier this process will be.

In some instances the coach may be asked by the national sports association or
funding organization to present a model of the next annual training plan. Such a
model should be well organized and well thought out and must account for the main
parameters of training. The following sections outline a model of an annual plan
that contains all of the needed elements. An outline of the components contained in
the presentation of a training program can be found on page 175.

Introduction

In the introduction, the first thing that should be presented is a needs analysis (13,
14) in which the scientific and methodological aspects of the sport are presented in
the context of the training needs. For example, a soccer coach should discuss the
magnitude of the physiological, technical, and tactical skills needed for success in the
sport (27). This discussion may include information about the duration of the game
(90 min) and the distance covered (~8-12 km) during a game (26). Further information
about the contributions of strength and strength derivatives including acceleration,
jumps, and sprints can be presented. For example, on average a soccer player will sprint
for 2 to 4 s every 90 s, corresponding to 1% to 11% of the overall match distance (26).
Elite players perform about 50 turns while maintaining balance and control of the
ball (26). Thus, it can be demonstrated that soccer is a series of repetitive sprints that
rely on energy supply from the phosphagen (ATP-PC) and glycolytic energy systems,
which are interspersed with lower-intensity aerobic activities (26). The relationships
among muscular strength, speed, power, and agility can be outlined as well (26, 28,
90). Finally, the coach should outline the duration of the annual training plan (e.g.,
September 15, 2009 to August 16, 2010) and present personal or team information
(e.g., sport, gender, age, height, weight, body composition).

Retrospective Analysis

To properly elaborate the performance predictions and objectives for the upcoming
year, the coach must thoroughly analyze performance and behavior in the past year.
Performance achievements refer to competitive performance as well as performance on
tests and standards. This information can be presented in a tabular form (table 6.5).

After analyzing the past year’s competitive performances, objectives, and tests or
standards, the coach can determine the athlete’s state of preparation by analyzing
each training factor. For physical preparation, the coach would analyze whether the

Table 6.5 Hypothetical Analysis of Test Results for a Female Javelin
Thrower

Performance Planned Achieved

1. Distance thrown 51.50 m 52.57 m

2. 30 m dash 4.80s 47s
Objectives | 3 Standing long jump | 2.40 m 2.36m

4. Chin-ups 8 7

5. Baseball throw 60.00 m 61.36 m

Note: The factors presented are only examples; other factors such as markers of muscular strength (e.g.,
power clean, back squat, snatch), changes in body composition, or body mass would be presented.
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indices of general, specific, and biomotor ability development corresponded with
the specific needs of the sport and whether they adequately supported the techni-
cal, tactical, and psychological preparation. The coach can collect such information
from competitions and test results, linking any improvement or decline in technical
or tactical performance with the athlete’s rate of progress or regress as reflected in
test scores. Often, improvement will prevail during the preparation phase but regres-
sion occurs during the competitive phase as a result of inconsistent and inadequate
physical preparation. Thus, the coach would continue specific physical preparation
throughout the competitive phase and test the athlete’s progress consistently in each
macrocycle to collect objective data regarding the dynamics of physical preparation.

When examining technical preparation, the coach should evaluate the technical
proficiency of the athlete and to what extent technical training and capacity affected
the athlete’s competitive performance. The coach should assess the effectiveness of
past technical elements to determine whether to use them in the future. The time
dedicated to improving technical elements directly reflects the athlete’s level of tech-
nical proficiency and the fineness of the skill acquisition. Because muscular strength
affects technical proficiency (11, 79), the coach should determine whether the athlete
has sufficient strength to undertake the technical elements required by the sport.

An analysis of tactical preparation should reveal whether tactical maneuvers used
were properly chosen, were suited to the characteristics of the team, and led to the
solution of game problems. As a conclusion of the retrospective analysis, the coach
should indicate which, if any, of the past year’s strategic tools should be eliminated,
maintained as part of the team’s strategies, or perfected so that the team’s efficiency
will improve in the next training year.

The coach also has to investigate the athlete’s psychological preparation and behav-
ior and how these factors affected the final performance. In assessing the athlete’s
behavior, the coach would consider what happened during training and at all other
times, because often the things that occur outside of training significantly affect
training and competitive performance.

Finally, the coach needs to collaborate with training specialists (e.g., strength and
conditioning coaches, exercise physiologists, sport scientists, nutritionists, physio-
therapists) to determine how the strategies used in the previous year affected the
athlete’s performance capacity. The conclusions of the retrospective analysis are then
used to predict future progress and performance and to establish specific training
and competitive objectives for the new annual training plan.

Performance Prediction

One of the coach’s important duties is determining the skills and abilities that need
to be developed and the performances that need to be achieved between the date of
planning and the main contests. Performance prediction is a reference from which
the objectives and standards for the annual training plan are generated. Achieving
these objectives and standards increases the athlete’s likelihood of attaining the
highest possible competitive performance. For instance, a gymnastics coach scores
routines and technical elements to see whether they are difficult enough to warrant
a 15.01 average score (total points of 120.1 in the all around), which is needed for a
gymnast to place in the top six at the women’s national championships. Following
such an analysis, the coach decides what technical elements need to be incorporated
from the following year’s routines and the skills that may need to be added to achieve
the predicted score during the next training year. This prediction must consider the
gymnast’s ability and skill level in order to be realistic.
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Performance prediction for team sports is more difficult than for individual sports
because there are many more factors that can affect performance. Among the few
aspects that the coach can predict are the technical elements, tactical maneuvers,
and level of ability that the players must acquire to improve performance during the
next year’s annual training plan.

For sports in which performance is objectively and precisely measured (e.g., track
and field, weightlifting, track cycling), performance prediction is easier. With these
sports the coach examines the best results achieved in the previous training year and
uses the athlete’s rate of improvement to predict the level that the athlete can attain
in the next training year. For example, the performances of men rowing in a major
regatta can be predicted with this process (table 6.6). Using these predictions and
considering the athlete’s abilities and potential for improvement, the coach can set
the standards for his or her crews and the placing expectations for a specific regatta
(table 6.7). Using performance prediction, the coach sets realistic objectives for each
training factor and prepares the chart of the annual training plan.

Objectives

In both the annual training plan and the planning projection, the objectives must
be presented in a methodological sequence with precise and concise language. The
objectives are established based on past performances, test standards achieved, the

Table 6.6 Performance Prediction for the Places of Male Rowers in
the Olympic Games (Events Listed in Speed Order)

PERFORMANCE (MIN) AND PLACE
Event I -1 IV-VI VI-IX
Eight 5:38 5:41 5:45 5:50
Quad 5:51 4:55 5:59 6:04
Coxless four 6:05 6:09 6:13 6:17
Coxed four 6:13 6:17 6:21 6:26
Double skull 6:23 6:27 6:31 6:36
Coxless pair 6:43 6:46 6:50 6:55
Single skull 7:03 7:07 7:11 7:16
Coxed pair 7:08 712 7:16 7:21

Table 6.7 Minimum Performance Prediction and Placing
Expectation in a Major Regatta

Event Performance (min) Predicted place
Eight 5:45 VI-VIII

Quad 5:58 VI-VIII

Coxless four 6:12 I-v

Coxed four 6:20 VII-IX

Double skull 6:30 I-v

Coxless pair 6:50 V-VI

Single skull 710 VII-IX

Coxed pair 7:15 VI-IX
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rate of improvement for both skills and performance, and the dates of the main com-
petitions. In setting objectives, the coach must consider the dominant training factor
and the factors thatare poorly developed and thus limit the athlete’s competitive and
training potential. Then the coach determines the order of training priorities accord-
ing to the limiting factors (e.g., physical, technical, or psychological preparation).
The methodological sequence and presentation of each training factor are as follows:
1. Performance objective
2. Physical preparation (e.g., strength, speed, endurance, flexibility, or coordination)
3. Technical preparation (offensive and defensive skills)
4. Tactical preparation (offensive and defensive individual and team tactics)
5. Psychological preparation
6. Theoretical preparation
This does not mean that the coach should stress each factor in this sequence.
Rather he should give priority to those factors in which the athlete is proportionately
underdeveloped and those that are primary to all athletes participating in the sport.
While setting objectives, the coach should consider and state the probability (per-
centage chance) of achieving them, especially the performance objective. Although
this process relies on objective facts, it may be warranted to consider subjective assess-

ments, such as the athlete’s reserve, improvement potential, and psychological traits.
Objectives for a hypothetical volleyball player are presented in table 6.8.

Table 6.8 Obijectives for a Volleyball Player

PERFORMANCE FACTORS

Item Objective Probability of achievement (%)

Performance ¢ Take first place in the junior 80
national championships

* Place in the top six in the senior 50-60
national championships

TRAINING FACTORS

Item Factor Objective
Physical preparation Strength Improve leg strength to improve jumping ability.
Speed Improve speed to facilitate quicker footwork for blocking

and defense.

tournaments.

Flexibility Improve both shoulder and ankle flexibility.
Technical preparation Serving Improve serving consistency.

Spiking Improve spiking accuracy.

Blocking Improve blocking ability.
Tactical preparation Offense Improve spiking in a 6-0 system.

Defense Improve timing and quickness of blocking.
Psychological Develop the ability play calmly and with confidence
preparation following a mistake.

Theoretical preparation Know all penalties that the referee may call.

Endurance | Improve muscular endurance required in long games and
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Competition Calendar

Establishing the competition calendar is an important aspect of the annual train-
ing plan. The competitive schedule is established by the coach in accordance with
the events scheduled by the national, conference, or international governing body.
In this process competitions are selected that best suit the athlete’s needs, level of
development, performance capacity, skills, and psychological traits. Although athletes
should contribute to the planning process, especially elite athletes, the coach has the
decisive role in establishing the competitive schedule.

The major championship or main competitive objective of the training year is the
central factor used to establish the periodized training plan and the competitive cal-
endar. Other official and unofficial competitions should be of secondary importance.
However, these competitions serve an important role in allowing the coach to assess
the athlete’s development and preparation level for the main competitions targeted
by the annual plan. These competitions are spread over the competitive phase and
are most prominent during the precompetitive subphase. Competitions should not
be scheduled early in the preparatory phase because the focus during this phase is on
physical preparation and skill development rather than performance. Ideally, major
competitions and secondary competitions are alternated in the plan. Although team
sports have many league or official games, competitions are sometimes scarce in
individual sports. To maintain the unity of the annual training plan throughout the
competitive phase, the coach should consider organizing preparatory competitions
that can be integrated into the training plan.

When arranging the competitions in the annual plan the coach must consider the
principle of progressive increase in training load, in which preparatory competitions
of secondary importance must lead into major competitions that are more chal-
lenging. Although this method is ideal, it is not always possible especially in team
sports in which sport governing bodies set the competition calendar. The number of
competitions in the competition calendar can have a profound effect on the ability
of the athlete to achieve the performance objectives. A heavy, demanding competi-
tion schedule, as often occurs in team sports, may result in a premature elevation in
preparedness that in turn leads to a less than optimal performance at the end of the
competitive phase when the major contest is planned. Conversely, participating in too
few competitions can decrease preparedness and prevent the athlete from achieving
the planned performance objective. Therefore, planning can become a delicate balanc-
ing act between too many and too few competitions in the calendar. Two important
criteria can be used to establish the optimal number of competitions: the nature of
the sport and the athlete’s performance level or developmental status. For sports in
which the effort is intense and for athletes with low performance capabilities, 15 to
25 competitions per year may suffice. With elite athletes, especially those involved in
team sports (e.g., premier league soccer) more contests (>30) may be planned.

Once the competition schedule is established it should not be changed, because the
entire annual training plan is based on this schedule. Coaches who work with high
school or university athletes should not plan any competitions, especially important
ones, during examination periods. Similarly, athletes should not participant in any
official or demanding competitions during the last macrocycle before the main
contest. During this last cycle, the coach and athlete should focus on training and
make relatively few changes based on results of the previous secondary competi-
tion. Each contest, whether primary or secondary, will tax the athlete physically and
mentally. Recovery and regeneration must be built into the training plan, especially
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after secondary contests that lead into the main competitions targeted by the annual
training plan.

Tests and Standards

The evaluation of specific tests and standards related to a sport is a crucial part of
developing a periodized training plan (79). These evaluations need to be organized,
systematic, and consistently performed across the annual training plan to garner
detailed information about the athlete’s progress. Monitoring training by using
tests and standards provides the coach an objective means with which to quantify
the athlete’s evolution, potential for stagnation, or risk of performance deterioration.
By monitoring training, the coach can evaluate the dose-response relationship and
thus optimize the training load to help the athlete achieve optimal performance at
the appropriate time (79).

An athlete monitoring program can include specific physical tests that are peri-
odically performed by the athlete to evaluate markers of the athlete’s progress (see
bottom of this page). More specific testing can be used to identify the athlete’s
strengths and weakness. Test results are then evaluated in relation to established
performance standards. To ensure the effectiveness of a testing battery, the tests used
must be valid (measure what they are supposed to measure), reliable (repeatable), and
related to factors that affect the actual competitive performance. To truly under-
stand the athlete’s status, the coach must select diverse tests that evaluate more than
just competitive performance results (66). For example, swimming performance is
affected by basic speed, stroke mechanics, and start and turning ability. In addition,
physiological factors such as anaerobic power and capacity, muscle power and flex-
ibility, and basic and specific endurance affect swimming performance (66). Actual
swim performance should also be evaluated, but time should not be the only focus.
The coach should examine technical proficiency in conjunction with a competitive
performance to gain insight into the athlete’s progress (66). Therefore, to monitor
a swimmer’s preparation, the coach should periodically use tests that address these
factors. A large amount of research has been conducted that correlates specific tests

MAIN OBJECTIVES OF THE TESTS CONTAINED
IN AN ATHLETE MONITORING PROGRAM

To monitor the athlete’s rate of improve-
ment in specific biomotor abilities or skills

To determine skill status and ability level,
which can then be used to guide training

To determine the athlete’s training content

To determine the athlete’s strengths, weak-
nesses, and limitations

To test improvement in tactical skills or
maneuvers

To evaluate body mechanics and movement

skill

To determine appropriate standards in all
training factors

To evaluate and develop psychological attri-
butes or traits

To evaluate the athlete’s potential for over-
training

To monitor the dose-response relationship
in the training plan
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with performance in specific sporting activities, and this research can be used to
establish performance-based testing procedures.

The testing battery should be based on metabolic specificity (bioenergetics), sport
specificity (biomechanical or movement pattern), and the athlete’s training status
(25). Athletes should be familiarized with the testing procedures but should not
directly train to master the test because this distorts the evaluative ability of the test.
Obviously, the test may contain an activity that is germane to the training process
and is frequently encountered during the training plan. For example, a common
exercise used to train lower-body strength is the back squat, and this same exercise
is often used to evaluate lower-body strength. So in this instance an athlete would
train the back squat to develop leg strength and use a 1RM test with the back squat
to evaluate maximal strength.

The testing battery should be concise (4-8 performance tests) and the tests should
be highly related to the sport in question (20, 28, 33, 75-77). For example, Stone and
colleagues (75) reported that maximal strength as assessed by the snatch and iso-
metric midthigh pull is strongly related to both shot put- and weight bag-throwing
ability in university throwers. Therefore, it makes sense to evaluate maximal strength
throughout the annual training plan of university throwers. Haff and colleagues (21)
used a biweekly testing battery that included assessments of body mass, body fat, lean
body mass, hormonal responses to training, and force-time curve characteristics
(peak force, rate of force development with isometric and dynamic movements) in
elite women weightlifters. The testing battery was simple to perform, and changes in
the force-time curve characteristics were related to the training plan. Interestingly,
the maximization of peak force and peak rate of force development were shown to
be related to weightlifting performance (20). Thus, this simple battery of tests was
able to differentiate the level of preparedness of these athletes.

The tests used across the annual training plan and the dates of testing should be
decided when the coach constructs the annual training plan. The first tests should
occur during the first microcycle of the preparatory phase. By conducting the test
at this time, the coach can determine the athlete’s level of preparation and make
any modifications to the annual training plan. Each macrocycle targets specific
objectives, and testing can be conducted to determine whether these objectives are
accomplished. Therefore, some form of testing should be conducted during 1 or 2
days at the end of each preparatory phase and precompetitive subphase macrocycle.
This is done to evaluate the athlete’s preparatory status during these phases. If the
test results reveal consistent improvement, the original training structure should
be maintained. Conversely, if the results indicate stagnation or decrease in the spe-
cific test measures, then the coach may need to modify the next training cycle. The
coach must be careful when evaluating testing data, because the phase of training
may cause expected decreases in specific performance characteristics. For example,
during the general preparation phase where training volume, work load, and fatigue
are the highest, one might suspect declines in markers of maximal power-generating
capacity (71, 79). On the other hand, during the competitive phase one would expect
elevations in power-generating capacity. During the competitive phase of the annual
training plan, testing sessions should be planned only if the time between two com-
petitions is 4 to 5 weeks. During this phase the competitions themselves provide ideal
opportunities to evaluate the athlete’s training status. Regardless of which phase of
the annual training plan the testing sessions occur in, the coach must keep detailed
records about the athlete’s test results. The more organized the data, the easier it is
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to perform a longitudinal analysis of the athlete’s rate of improvement and adapta-
tion to the training plan.

In the written plan, the coach should indicate the test for each training factor
using different colors or symbols. The coach should establish standards for each
test, especially for physical and technical factors, while compiling the annual plan.
Standards from the previous training year can serve as reference points for achiev-
ing each standard. This progression should reflect the athlete’s rate of improvement
and level of adaptation to the program. For novice athletes who are just beginning
a structured training program, the results of the first testing session can be used as
the reference point for further planning.

The coach must be careful when establishing standards because they provide incen-
tives for preparation and progress. Standards must present a challenge but also must
be realistic enough that the athlete can achieve them. For athletes who are aiming
for high levels of performance, the standards must resemble those of other top ath-
letes. There are two types of standards: Evolutionary standards are slightly superior
to the athlete’s potential and stimulate increases in performance, and maintenance
standards that aim to preserve an optimal level of preparation. The time frame of
training that progresses the athlete toward these standards should include a maxi-
mum of two macrocycles between each testing period. If the athlete has not achieved
the standard within two macrocycles, the coach must determine why. For simplicity,
the results of the tests and standards can be presented in a tabular format (table 6.9).

Periodization Model

The periodization of the annual plan provides the model to follow in training. The
competition schedule can be used as a foundation from which the most suitable
annual plan is constructed (mono-, bi-, or tri-cycle structure). After selecting the
annual plan structure, the coach determines the duration of each phase and subphase
of training. After sequencing each training phase, the coach designs the individual
macrocycles contained in the annual plan. Within the macrocycles, the number, date,
location, objectives, and methods to meet the stated objectives must be integrated

Table 6.9 Tests and Standard for a Preparatory Phase of Training in
University Throwers

Tests Measures August 23 September 20 | October 18

Biometrics | Body mass (kg) | 101.0 101.5 103.0
Lean body mass (kg) | 78.3 78.8 80.2
Body composition | (%) | 21.9 21.5 21.5

Isometric Peak force (N) 2,881 2,894 3,002

ml:ﬂth'gh Peak rate of force | (N/s) | 15,047 18,873 18,000

P development

Resistance | Snatch 61.8 65.5 67.7

training

Throwing Shot put (m) 11.99 12.25 12.63
Weight bag throw | (m) 11.55 12.43 12.97

Adapted from Stone et al. 2003 (75).
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into the plan. The final step in creating the periodization model is the most difficult
task in the planning process. In this step the coach inserts all athlete (team) activities
into the chart of the annual training plan.

Preparation Model

The preparation model is a synopsis of the entire annual training plan. It delineates
the main qualities and quantitative parameters used in training and the percentage
increment per parameter between the current and previous annual plans. The coach
must link the preparation model with the whole structure of the annual plan and its
objectives. An experienced coach might predict the duration and number of workouts
required to develop the necessary skills and abilities to accomplish the objectives. A
preparation model can be structured as shown in table 6.10.

The model presented in table 6.10 assumes that to reach a higher performance level,
the athlete must increase his aerobic and muscular endurance. This is accomplished
by elevating training volume, prolonging the preparatory phase, and increasing the
number of training lessons to correspond with an increase in the total number of
hours spent training. Also, modifying the ratio between different methods and types
of training will enhance muscular endurance and aerobic endurance.

Table 6.10 Preparatory Model for a 400 m Swimmer

Symbol/ Volume Change over
Training factor units (%) previous year (%)
Type of annual training plan Monocycle
Periodization
Duration of annual plan (days) 322 100 >8
Preparatory phase (days) 182 56.5 <5
Competitive phase (days) 119 37 <3
Transition phase (days) 21 6.5
Macrocycles (n) 9
Microcycles (n) 46
At the club 41
At national camp 3
Abroad 2
Competitions (n) 7
International 2
National 4
Regional 1
Training lessons (n) 554 >6
Hours of training 1,122 <8.4
Tests (n) 16
Medical controls (n) 3
Specific training (days) 266 82.6 >3
Swimming (km) 2,436 >6
Nonspecific training (days) 14 >2
Running (km) 640 4.4 >2
Resistance training (kgm) 460,000 >14
Games (hr) 28 >1
Rest (days) 42 13 <8
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To improve both aerobic and muscular endurance through resistance training
and special water exercises, the training content can be altered with the guidelines
presented in table 6.11. The breakdown per training phase may occur as in table 6.12.
In addition to including these sections of an annual plan, the coach should consider
the team or club’s organizational and administration structure, including the budget
and equipment needs.

Table 6.11 Model of Training Content for the Annual Plan and
Alterations of Each Element Compared With the Previous Year

Content of annual | Change from
Content plan (%) previous year (%)
Anaerobic endurance and speed 2 <6
Muscular endurance 16 >2
Racing tempo endurance 32 No change
Aerobic endurance over medium distance 24 >2
Aerobic endurance over long distance 20 >2

Table 6.12 Alterations of Training Content and Its Percentage per Training
Phase Between the Previous and Current Annual Plan
Preparatory | Change | Competitive | Change

Content phase (%) (%) phase (%) (%)
Anaerobic endurance and speed 5 <4 8 <2
Muscular endurance 10 >2 16 >3
Racing tempo endurance 20 <2 36 <2
Aerobic endurance over medium distance 30 >3 20 >2
Aerobic endurance over long distance 35 >5 20 >4

SUMMARY OF MAJOR CONCEPTS

The annual training plan and the microcyles contained in the plan are the corner-
stones of a well-structured training program. Irrespective of the coach’s knowledge of
sport science, if his planning and organizational skills are poor his training effective-
ness will be low. The fundamental concept for good annual planningis periodization,
especially structuring the phases of biomotor abilities. The periodization of strength,
speed, and endurance represents the manipulation of different training phases with
specific goals, organized in a specific sequence, with the ultimate scope of creating
sport-specific adaptation. When adaptation is complete, the athlete is physiologically
equipped to perform at high levels.

A good understanding of periodization will help the coach produce better annual
training plans, using the chart to schedule training activities. The competition
schedule should guide the structure of the training phases. The periodization of
nutrition and psychological training should be integrated into the annual training
plan as well. The coach can use the blank charts supplied in the appendix to exercise
and improve her skills in annual planning. The coach can also create her own charts
to meet the needs of her athletes.
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CHAPTER

PEAKING FOR
COMPETITION

thletes, coaches, and sport scientists work continually to facilitate the devel-
Aopment of physiological adaptations that underlie optimal performance.

Athletes undergo rigorous training plans that require them to train at high
loads interspersed with unloading phases to optimize performance at major com-
petitions. Peaking an athlete’s performance usually is accomplished by reducing the
training load for a predetermined time prior to major competitions. This period of
reduced training is termed a taper. To optimize performance at the appropriate time,
coaches and athletes must understand how to integrate tapers and competitions into
the annual training plan.

PEAKING

The ultimate goal of an athlete’s training plan is to optimize performance in spe-
cific competitions throughout the training year. This goal is accomplished through
careful sequencing of the annual training plan. The foundation for peaking an ath-
lete’s performance is established during the preparatory and competition phases of
training, when the athlete builds her physical, tactical, and technical training base
(64, 65). During the later portions of the competition phase of training, the process
of peaking an athlete for specific competition is initiated (figure 7.1). Peaking, or
tapering as it is sometimes called (64, 65), is a complex process that can be affected
by many factors including the training volume, frequency, and intensity (19). If
implemented correctly, tapering or peaking occurs in response to the physiological
and psychological adaptations induced by the training plan (19, 41). The taper is one
of the most critical phases of an athlete’s preparation for competition (19). Tapers
are widely used by athletes from various sports to gain a performance edge over their
competitors (10, 21, 24, 26, 34, 35, 38, 50, 63).
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Note: Due to rights limitations, this item has
been removed. The material can be found in
its original source.

Figure 71 Generalized periodization model for strength and power training with a
taper.
From S.S. Plisk and M.H. Stone, 2003, “Periodization strategies,” Strength and Conditioning 25:19-37.

DEFINING A TAPER

Many definitions have been used to describe how an athlete’s training plan is modified
in the final days before a competition (4, 39, 41, 44, 59, 62). When attempting to peak
an athlete for competition, the coach reduces the workload prior to the competition
(41). The reduction in workload that is used during this time is considered a taper (4,
41, 61). Traditionally, a taper is simply defined as a reduction in training workload
prior to a competition (58). More recently, Mujika and Padilla (40) defined a taperas “a
progressive non-linear reduction of the training load during a variable period of time,
in an attempt to reduce the physiological and psychological stress of daily training
and optimize sports performance” (p. 80). This definition expands on the traditional
definition by including some implications for the design of the taper (41).

Primary Aim of a Taper

The goal of a taper is to optimize the athlete’s performance at a specific time (4, 19,
41, 59). This is usually accomplished by systematically reducing the training load to
reduce the cumulative fatigue, both physiological and psychological, that is gener-
ated in response to training while maintaining sport-specific fitness (41). The taper
allows the athlete to recover from training, thus elevating performance (41, 61). This
contention is supported in the scientific literature showing that accumulated fatigue
is reduced during a taper period while fitness slightly increases (35), improving per-
formance. As fatigue is dissipated in response to the taper the athlete may realize
significant positive psychological alterations, such as a reduction in perception of
effort, improved mood, a reduction in sense of fatigue, and an increased sense of vigor
(20, 41, 56). These findings indicate that at the initiation of a taper, the physiologi-
cal adaptations to the training program have already occurred (41) and are probably
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Training volume

masked by accumulated fatigue (60), whereas the psychological adaptations will
occur in response to the taper. Thus, the taper is a mechanism for decreasing both

physiological and psychological fatigue, allowing for performance gains.

Premise of Tapering

The relationship between fitness and fatigue (figure 5.1 on p. 98) is a central concept
underlying the appropriate implementation of a taper (5, 60). An athlete’s prepared-
ness is variable because it is directly affected by changes in the levels of fitness and
fatigue generated in response to training (6, 64, 65). Preparedness is optimized by
using training plans that maximize the fitness response while minimizing the
development of fatigue (54). When training workload is high, preparedness is low as

a result of a high level of accumulated fatigue.

The premise behind a taper is to dissipate accumulated fatigue while retaining
fitness. Because the level of acquired fitness is relatively stable over several minutes,
hours, and days, it is considered to be a slow-changing component of athletic prepared-
ness. Conversely, fatigue is considered to be a fast-changing component because it is
highly variable and is affected by physiological and psychological stressors (64, 65).
Thus, when the training load is decreased during a taper the accumulated fatigue is
dissipated somewhat rapidly, whereas the acquired fitness is maintained for a given

duration depending on the type of taper used (4, 5).

Although the premise behind a taper is somewhat simple, the implementation of
a taper is complex. If the duration of the taper is too long the fitness gains stimu-
lated by the training program can dissipate, resulting in a state of detraining (40)
and reducing preparedness (figures 7.2 and 7.3). One can consider the reduction in
training load to be a compromise between the extent of the training reduction and
the duration of this reduction (61), which combine to determine preparedness. If,

Suboptimal taper length: Taper duration too long
|

Optimal taper length
|

eecccccce

Duration of taper (days or weeks)

Taper

Fatigue
Preparedness
Fitness

Figure 7.2 Relationships among fatigue, fitness, preparedness, and taper length.
During the taper fatigue decreases rapidly, while fitness is maintained for a little longer
depending on the composition of the taper. However, if the taper extends for too long,

fitness will dissipate until detraining occurs.
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Figure 7.3 Relationship between preparedness and a taper.
Adapted from Bosquet, Leger, and Legros 2002 (4).

for example, the training load prior to the taper is very high, a greater reduction and
duration of a taper will be necessary to maximize the decrease in fatigue required
to elevate preparedness (30, 61). Thus, the taper is more than simply reducing the
training load; it involves integrating many factors to elevate the athlete’s prepared-
ness and optimize performance.

Factors Affecting a Taper

There are many strategies for including a taper in an annual training plan (4). The
key component of each of these strategies is to alter the training plan to reduce train-
ing load. Training load can be reduced during a taper by reducing training volume,
intensity, or frequency (4, 41). The effectiveness of these reductions in training load
will depend on the duration of the taper (59) and its relationship to the training load
that preceded the taper (61). If the taper lasts too long, both fatigue and fitness will
dissipate, which would lead to detraining (40) and decrease the athlete’s preparedness.
In this situation, performance would not increase and the taper would be deemed
ineffective. Therefore, the coach must understand the interactions among training
intensity, volume of training, training frequency, and the duration of the taper.

Training Intensity

The scientific literature indicates that when reducing volume and frequency during
a taper it might be warranted to maintain or slightly elevate the training intensity (4,
24,30, 34, 41,50, 59). It appears that the training intensity during the taper is closely
related to the ability to maintain training-induced performance adaptations during
periods of reduced training load (17, 58). It has also been suggested that the training
intensity is a key factor in maintaining training-induced physiological adaptations
during the taper (4, 44). When examining endurance training studies, researchers have
noted that lower training intensities (<70% VO,max) during the taper period tend to
result in a decrease or maintenance of endurance performance (25, 33). Conversely,
when higher intensities (290% VO,max) are included in the taper, performance tends

Optimal reduction
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RECOMMENDED TAPERING STRATEGIES

* Use taper strategies to dissipate fatigue, precedes the taper, it may be warranted to
maintain fitness, elevate preparedness, and decrease training volume by 60% to 90% of
improve performance. pretaper volumes.

* Create individualized taper strategies that * Maintain training frequency at 80% or more
last between 1 and 4 weeks, with 8 to 14 of pretaper frequencies.

days being optimal in most instances. * Use progressive, nonlinear taper models.

* Maintain moderate to high training intensi-

v : ‘ n * Expect performance gains of approximately
ties during the taper to avoid detraining.

3% in response to the taper.
* Decrease training volume by 41% to 60%
of pretaper volumes. If extensive training

Adapted from Mujika and Padilla 2003 (41), Mujika 1998 (34), and Bosquet et al. 2002 (4).

to increase (58). Similarly, when examining strength and power training, investigators
have determined that maintaining intensity during the taper, while decreasing train-
ing volume, enhances strength but not power performance (11, 27). Thus, it seems
warranted to maintain the training intensity during the taper period and adjust the
workload by manipulating training volume or frequency or the duration of the taper
(41, 59). See the top of this page for recommended tapering strategies.

Training Volume

Reducing training volume during a taper to reduce the training load is the method
thatis probably the most discussed in the scientific literature (4, 19, 34,41, 59, 61). The
volume of training can be decreased during a taper by reducing the duration of each
training session, reducing training frequency, or both (4, 41). Decreasing the duration
of each training session is preferable to reducing the training frequency, because the
former appears to exert a greater effect on the effectiveness of a taper (4).

When attempting to create a taper by reducing training volume, the coach should
consider that the trainingload (i.e., training volume and intensity) encountered prior
to the taper will affect how much the training volume should be decreased and how
long the taper should last (61). Because of this relationship, there are different rec-
ommendations for how much training volume must be decreased during the taper
period to maximize performance outcomes (4, 41). Tapers that range between a 50%
and 90% reduction in training volume have been reported in the scientific literature
on swimming (28, 36, 37, 42, 62), running (22, 23, 25, 33, 38, 39, 58), cycling (32, 47,
48,57), triathlon (2,49, 63), and strength training (11, 27). In well-trained endurance
athletes (e.g., cycling and running), a standardized 50% to 70% reduction in training
volume has been reported to maintain or increase training-induced adaptations (22,
23,25,32,33,57). Progressive tapers that resultin a 75% reduction in training volume
appear to optimize taper-induced outcomes compared with a 50% reduction in train-
ing volume (38). It appears that low-volume tapers result in better physiological and
performance outcomes compared with moderate-volume tapers (58).

The scientific literature indicates that a 41% to 60% reduction in training volume
during the taper results in optimal performance improvements (4). However, the
percentage reduction in training volume is related to the pretaper training load and
the duration of the taper. If the training load prior to the taper is heavy, then a greater
reduction in training volume, on the magnitude of 60% to 90% of pretaper loads, may
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be warranted to dissipate fatigue
(41, 61) (see the recommendations
on p. 191). If training volume is
substantially reduced, a shorter
duration of taper may be warranted
to offset the loss of training-induced
adaptations that would result in a
decrease in fitness and prepared-
ness (30).

Training Frequency

Reducing training frequency is
another popular method for reduc-
ing the training load during a taper
(14, 18,41, 59). Several studies report

€ thatreductions on the magnitude of
&  50% of pretaper training frequencies
g can increase performance (18, 28).
€  Decreases in training frequency for
§ 2 to 4 weeks have been shown to
& result in maintenance of training-
< induced physiological and perfor-
Tapering training can help an athlete peak for a mance outcomes in athletic groups
key competition. (22, 23, 25, 32, 33, 41, 44, 50, 57).

Thisliterature indicates that modu-
lating training frequencies might be a successful method for altering training volume.
However, performance seems to be only increased with tapers that use a high
frequency of training, when compared to a moderate frequency of training in highly
trained endurance runners (39). A recent meta-analysis indicated that a decrease in
the frequency of training during a taper does not appear to improve performance (4).
Although physiological adaptations can be maintained with 30% to 50% of pretaper
training frequencies in moderately trained individuals, it has been suggested that
highly trained athletes may need a greater frequency of training during the taper
period to maintain technical proficiency (41). These findings indicate that train-
ing frequency should be maintained at 80% or more of pretaper training values to
optimize performance outcomes and maintain technical proficiency (4, 41) (see the
recommendations on p. 191).

Duration of Taper

The duration of a taper is probably one of the most difficult things to determine (41),
because many factors affect the taper. For example, the pretaper training load can
significantly affect the length of the taper necessary to dissipate training-induced
fatigue and elevate preparedness (61). The amount of volume reduction or the pattern
of reduction during the taper affects the duration needed to elevate preparedness
while maintaining fitness. If a larger reduction in training volume is used, then a
shorter duration of taper would be warranted (30, 61). Physiological, psychological,
and performance improvements have been reported in the scientific literature for 1- to
4-week tapers (4). Several authors suggest that 8 to 14 days are necessary to dissipate
fatigue and avoid the negative effects of detraining that might occur with a longer
taper (4, 30). However, it appears that the duration of a taper is highly individualized



Peaking for Competition 193

(4, 41) as a result of differences in physiological and psychological adaptations to
reductions in training load (4, 35, 43). Therefore, it is recommended that the taper
duration be individualized for each athlete (41) (see the recommendations on p. 191).

Types of Tapers

Various taper formats have been proposed in the literature (4, 41). Tapers can be
broadly defined as either progressive or nonprogressive. A progressive taper is
marked by a systematic and progressive reduction in training load, whereas a nonpro-
gressive taper uses standardized reductions in training load (41). Different loading
characteristics can exist within each category of taper.

In a progressive taper, the training load is reduced in either a linear or an expo-
nential fashion. Progressive tapers can be classified into three types: a linear taper,
a slow exponential taper, and a fast exponential taper (figure 7.4) (41). The linear
taper normally contains higher training loads than those seen in either a slow or fast
exponential taper. A slow exponential taper tends to have a slower reduction in train-
ing load and higher training loads than those seen in a fast exponential taper (41).
Fast exponential tapers appear to result in greater performance gains than linear or
slow exponential tapers (2, 41, 63). For example, a comparison between fast and slow
exponential tapers revealed that the fast exponential taper resulted in a 3.9% to 4.1%
greater increase in markers of performance (41).

The nonprogressive taper, also called a step taper (2, 34, 41, 63), is accomplished
with standardized reductions in training. This taper is often marked by sudden
decreases in training load (61), which can increase the potential for a loss of fitness
during the taper (2). Step tapers have been shown by many studies to improve both
physiological and performance adaptations to training (13, 17, 22, 23, 25, 32, 41, 51).
However, the literature indicates that step tapers are less effective than either slow
or fast progressive tapers (2, 4, 63). For example, Mujika and Padilla (41) reported
that step tapers resultin a 1.2% to 1.5% increase in markers of performance, whereas
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Figure 7.4 Four common types of tapers as proposed by Mujika and Padilla (41).
Adapted from Mujika and Padilla 2003 (41).
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exponential tapers resultin a 4.0% to 5.0% increase in performance. Authors usually
recommend that an exponential taper be used when attempting to peak an athlete’s
performance for a competition (4, 41, 61).

The selection of the type of progressive taper used will depend on many factors
including the training load prior to the taper (61) and the duration of the taper
(19). However, it appears that the fast exponential tapers should be selected in most
instances (41) (see the recommendations on p. 191).

Expected Performance Improvements

The primary goal of any taper is to elevate performance at the appropriate time (4,
34, 41). Small improvements in performance may result in distinct differences in
placing at the Olympics. For example, Mujika and colleagues (43) reported that the
difference between the gold medal and fourth place in swimming at the 2000 Sydney
Olympics was only 1.62% and the difference between third and eighth place was only
2.02%. At the 2004 Athens Olympics the difference between first and third place in
weightlifting was 1.96% (women = 2.21%; men = 1.73%). These data show that very
small elevations in performance can have a great impact on performance outcomes
and may differentiate between winning and losing.

When examining the scientific literature it has been reported that a properly imple-
mented taper can result in significant improvements in performance (0.5-11.0%) and
muscular strength and power (8-25%) in runners, triathletes, cyclists and swimmers
(16,24,32,38, 41,48, 53, 58, 63). When looking specifically at competition measures
it appears that a 0.5% to 6.0% (~3.0%) increase in performance can be expected in
response to a preevent taper (41). Mujika and colleagues (43) reported that during a
3-week taper prior to the 2004 Sydney Olympics, swimming performance was elevated
by 2.2%. Interestingly, the magnitude of this taper-induced increase in swimming
performance was similar to the differences between first and fourth place (1.62%)
and third and eighth place (2.02%) (4, 43).

Regarding muscular strength, it appears that a taper can result in a 2% to 8%
increase in performance. Izquierdo and colleagues (27) reported that a taper protocol
resultsina2.0% increase in back squat and bench press performance. Alarger increase
in strength performance in response to a taper protocol was reported by Coutts and
colleagues (7), who found that 3RM back squat strength increased by 7.2% and 3RM
bench press increased by 5.2%. Gibala and colleagues (11) reported a 3% to 8% increase
in maximal isometric and dynamic force-generating capacity.

A properly implemented taper can result in significant increases in performance.
The magnitude of the performance gains will be related to many factors, especially
the type of taper selected (41). The appropriate taper may result in an elevation of
performance (~3.0%) that differentiates between first and third place at the Olympic
Games, because the magnitude of taper-induced gains in performance is similar to
that of the difference between first and third place in many sports.

COMPETITION PHASE OF THE ANNUAL PLAN

The competition phase of the annual training plan is a complex period because it
depends on the number of competitions that the athlete is undertaking (52), the primary
goal of the training plan, and the preparedness of the athlete. This phase of training is
designed to elevate the athlete’s level of physiological, technical, and tactical prepared-
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ness, which should resultin a peaking of
performance. This process is facilitated
by using the tapering methods men-
tioned previously at specific time points
to elevate the athlete’s performance at
the appropriate time (major competi-
tions such as regional, state, conference,
national, and world championships or,
most important, the Olympic Games).
Although the competition period usu-
ally contains many competitions, a
true peak of performance can only be
maintained for about 2 to 3 weeks (60),
suggesting that the competition phase
must be planned carefully to optimize
the athlete’s performance.

Classifications of
Competitions

Competitions can be classified into two
broad categories: (1) major or official
competitions and (2) preparatory or
exhibition competitions.

Major competitions are the athlete’s
most important competitions (e.g.,
national championships, world cham-

pionships, Olympic Games). These
contests require the athlete to be at
peak performance and often provide
the guidelines for organizing the ath-
lete’s annual training plan, especially
for individual sports. Preparations for

Minor competitions and exhibition events at the
beginning of the competition calendar are good
ways to gauge how a training plan is working.
Coaches can use these events to analyze what
parts of the training plan may need to be altered
to prepare the athlete for major competitions and

a major competition usually include a
taper to dissipate accumulated fatigue
and enhance the athlete’s preparedness.

Preparatory or exhibition competitions are used to test the athlete and attain
feedback regarding specific aspects of training. These competitions are integral to
the preparation of the athlete and are an important part of the training plan. Often
athletes will train through these types of competitions without using any specific
tapering strategies. Many coaches use these competitions to test some aspect of the
athlete’s development. For example, at alocal competition a weightlifter may compete
atvery near maximal capacity in the snatch to test a technical change he has made in
training. If this is his goal for this competition, he may use only moderate training
loads for the clean and jerk and then undertake a training session after the contest.
Victory is not always the focus of these types of competitions; rather they are under-
taken as very high-intensity training sessions. However, victory in these competitions
may yield valuable information about the athlete’s level of preparedness that may
warrant alterations to the training plan.

events.

© Human Kinetics
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Planning for Competition

The most important step in developing the annual training plan is to establish the
competitive schedule for the athlete or team and to determine which competitions
require peak form. The competition schedule is established by the sport’s governing
body and culminates with the national or world championships. When determining
the competitive schedule, the coach needs to select specific competitions that can be
considered preparatory or exhibition contests and are scheduled to target specific
training objectives. These contests are used as hard training days that target specific
skill sets, so they can serve as important tools for preparing the athlete for major
competitions. Because these contests are used as training days, specific tapering
strategies usually are not used.

Many coaches make two very large mistakes when planning the competitive
schedule for their athletes. The first mistake is to have the athlete participate in every
available competition; this interrupts the athlete’s training and her ability to develop
the physiological, technical, and tactical skills required for major competitions.
The second major mistake is attempting to peak the athlete for every competition.
If the athlete attempts to peak too frequently, she likely will need a large number of
restoration-based training sessions and will not undergo enough actual training to
enhance physiological, tactical, or technical characteristics. It is recommended that
the athlete attempt to peak by using specific tapering strategies for only a very few
competitions (two or three) and that the remainder of the competitive schedule con-
sist of specific training days or competitions of secondary emphasis (figure 7.5). Both
of these common coaching errors can be avoided if the coach plans an appropriate
competitive phase of training.

There are several ways to plan the competitive phase of training (52). If the athlete
is preparing for one specific competition, the coach should use a simple competition
training period, whereas if two or more competitions are being prepared for a complex

Training phase Competitive phase
Peaking

Preparedness
Dat May June July August September

ales 1] 8 [15 ] 22]29 |5 [12[ 18] 26| 3 [10 | 17] 24] 31| 7 [ 14|21 [ 28| 4 | 11 [ 1825
Macrocycles 6 7 8 9 10 11
Competitve
schedule N[\ N\ I\ \/ e 4 _I !

N\ Competiton (minor emphasis)

() Qualifying competition (major emphasis)

_] National championships (major emphasis)
!] World championships (major emphasis)

Figure 7.5 Competitive calendar showing emphasis on preparedness and peaking.
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competition training period is used (52). The number of macrocycles in the competitive
period is dictated by the complexity of the competition phase of training (simple vs.
complex) and the athlete’s needs (52).

Two methods for planning the competitive phase of the annual training plan are
traditionally used: the grouping and the cyclic approach. The grouping approach is
a method of planning 2 or 3 weeks in a row, during which the athlete takes part in
tournaments or competitions or participates in several events or races per weekend.
Asillustrated in figure 7.6, this approach is usually followed by several microcycles (3
or 4 weeks) that are dedicated to training and allow the athlete to prepare for another
2 or 3 weeks of grouped competitions.

In the example illustrated in figure 7.6, the athlete or team participates in a group
of competitions spread over a 2-week period during the early part of the competitive
schedule. During these 2 weeks, races or games may be held during each weekend. The
first microcycle following these competitions is of low intensity, with the first 2 or 3
days of the cycle targeting a low training load designed to stimulate regeneration. After
the first 2 or 3 days of the cycle are completed the training load is increased, typically
resulting in one peak at the end of the microcycle. The next two and a half microcycles
are dedicated to hard training followed by a short 2- or 3-day unloading period that
leads into the next 3 weeks of competitions. The next major competition occurs on
August 21 and is designated as the qualifying competition for the championships that
are held on September 25. Because the August 21 contest is a major competition that
serves as a qualifier for the championships, an 8- to 14-day exponential taper is used
to elevate performance. After the athlete completes the qualifying competition, she
enters a regeneration microcycle that includes 2 to 2.5 weeks of hard training before
undertaking another taper. If the schedule is structured correctly, performance will
be optimized at the championships.

The grouping method usually is best suited for individual sports where only a few
major competitions are undertaken throughout the annual training plan. With team
sports, the grouping method may only be useful when teams approach national cham-
pionships, international competitions, or official international tournaments. Coaches
of most team sports use a cyclic approach to planning the competitive schedule.

In the cyclic approach, competitions are spaced at regular, repeating intervals
(figure 7.7). In figure 7.7, the vast majority of the competitions occur each weekend
during macrocycles 8 and 9. This pattern of competition is often seen in American
football, where competitions usually occur each weekend throughout the fall. The last

Training phase Competitive phase

May June July August September
Dates 1] 8 [15122]29[5 [12]19]26] 3 [10 [ 171 24] 31 7 [14[ 21|28 4 [11]18]25
Macrocycles 6 7 8 9 10 11
Competitve
schedule O AN A% A ]

N2 Competiton (minor emphasis)
_] Qualifying competition (major emphasis)

B championships (major emphasis)

Figure 7.6 Competitive schedule based on the grouping approach.
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two macrocycles (10 and 11) contain the two major competitions of this competition
phase. In American university football, the competition in macrocycle 10 would be
the conference championships, whereas the contest in macrocycle 11 would be a bowl
game. Because each microcycle throughout macrocycle 8 and 9 ends with a game, a
one-peak microcycle structure may be warranted. This peak or increased training load
would occur on Tuesday or Wednesday. One or two days before each game, an unload-
ing period would be used to dissipate fatigue and prepare the athlete for competition.
Coaches who work with individual sports should consider using the cyclic approach
in the lead-up to the major competitions (figure 7.8). In this approach the coach may
take the athlete to several competitions that occur every 2 weeks to gain information
about the athlete in competitive situations. This will allow the coach to modify the
training plan based on the feedback garnered from the periodic competitions.

In the cyclic approach, the first half of the week after a competition would contain
alower trainingload to enhance recovery, whereas the second half of the week would
contain higher training loads (figure 7.9). The microcycle preceding the next compe-
tition would be structured so that the higher training loads are encountered earlier
in the week (i.e., Tuesday or Wednesday) and unloading would occur in the second
half of the week to facilitate recovery for the weekend competition. However, this is
only an example of how a microcycle could be formatted; many different formats
are available based on the type of taper and the competitive season. Although these
two major approaches are usually used to design the competitive phase of training,
it is likely that the cyclic and grouped approaches can be combined when planning
for competitions.

Training phase Competitive phase

Dat August September QOctober November December
ates 1] 8 [15 [ 22]29 |5 [12]19] 26| 3 [10 | 17[24] 31| 7 [ 14|21 |28 4 | 11]18][25
Macrocycles 7 8 9 10 11
Competitve _I !
schedule N N NN AN AN AN AN AN AN AN

O Competiton (minor emphasis)
_] Qualifying competition (major emphasis)
!] Championships (major emphasis)

Figure 7.7 Competition schedule for a team sport based on a cyclic approach.

Training phase Competitive phase

Dat November Decembe January February March
ates 1] 8 |15 22[29 |5 [12 19 [26] 3 [10 | 17 [ 24] 31| 7 [14 [ 21 [28 11 [ 18 | 25
Macrocycles

Competitve

schedule | o 1O 1O 19O @ A L

N Competiton (minor emphasis)

_] Qualifying competition (major emphasis)

Bl championships (major emphasis)

Figure 7.8 Cyclic approach for a cross-country skier.
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[0 Competition day
[ Rest day
A Training day

Training load

90-100% | Very high

80-90% High

70-80% Medium o
¢
50-70% Low
0% Rest

Microcycle 1 Microcycle 2

Figure 7.9 Microcycle structure for training between competitions during the cyclic
approach.

Competition Frequency

Determining the frequency of competitions is a complex undertaking. Factors such
as the athlete’s characteristics, training age, and sport contribute to the frequency
and number of competitions undertaken each year. The coach also must consider
the length of the competition phase, given that a longer phase would allow a greater
number of competitions.

A primary determinant of the number of competitions undertaken by athletes is
their age and training experience (9). The less experienced the child or youth athlete,
the less frequently she should compete (9). If the athlete’s training is centered on
multilateral development, the young athlete will increase the number of competitive
starts progressively as her skills develop and her training plan increases the empha-
sis on specialization (45, 55). Kauhanen (29) suggested that as the young athlete
becomes more trained, the number of major competitions should increase each year
(table 7.1). During these years, secondary or minor competitions are still undertaken
to help develop the athlete’s skills in competition. With young athletes the primary
emphasis is the development of the skills that will be used in competition as they
become more trained.

A second factor determining the frequency of competitions is the characteristics
of the sport. In team sports, the length of the season can have a great impact on the
number of competitions held. For example, a top team in the FA Premier League may
compete in roughly 60 competitions over approximately 270 days, which roughly
equates to competing every 3 1/2 to 4 1/2 days (8). Individual sports athletes usually
have greater flexibility in the selection of competitions because these athletes will
probably compete less frequently than athletes in team sports. For example, an elite
weightlifter may only compete in three or four major competitions per training year
(1, 12). Dick (8) suggested that the build-up and principle competition period in track
and field should consist of about 7 to 10 competitions. Any additional competitions
would be used for lower-level training (8). Table 7.2 offers some very rough guidelines
concerning the number of competitions for novice and advanced athletes. Regardless
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Table 7.1 Frequency of Competitions in the Annual Training Plan of
Junior Weightlifters

Training year 1 2 3 4 5

Age (years) 14-15 15-16 16-17 17-18 18-19

Total number of competitions 6-8 8-12 9-12 9-12 9-12
Major competitions 0 0-2 1-2 2-3 2-3
Secondary competitions 6-8 8-10 8-10 7-9 7-9

Adapted from H. Kauhanen 1998 (29).

Table 7.2 Suggested Number of Competitions Per Year in Athletics
(Track and Field)

NOVICE ATHLETES ELITE ATHLETES

Event Winter Summer | Winter Summer

Sprinters, hurdlers, jumpers, and throwers

Specialized event 3-4 12-16 3-5 16-20

Other events and sports 2-3 4-6 1-3 3-5
Middle distance

800-1,500 m — 4-8 2-3 10-16

Short distances 2-3 8-10 2-4 8-10
Distance running and walking

Marathon — 1 — 2-3

50K walk 6-8 — 8-10
Combined events

Decathlon — 1-2 — 2-3

Heptathlon — 1-2 — 2-4

Individual events 2-4 10-12 3-5 12-16

of the athlete or sport, the coach must consider the relationships among recovery,
training, and peaking.

When constructing the training plan for the competitive phase, the coach must
consider the sequence and frequency of competitions and how they relate to the time
allowed for recovery after competition (46). The more frequently the athlete com-
petes, the less time he will have to train for the next competition (8, 15). Therefore,
overly frequent competitions can impede the athlete’s development, because each
competition undertaken can result in fatigue, which must be dealt with by reducing
training loads.

The coach should plan for two to four major competitions during the competitive
phase of the training year. These competitions will most likely include qualifying
meets for the year’s main competition. The training plan should also include second-
ary competitions that are used as hard training sessions and to test the athlete’s ability.
The coach and athlete should think of the competitive schedule as a build-up to the
major competition (table 7.3). However, the schedule must allow time between the
preparatory (exhibition) competitions and the major competitions. The precompeti-
tion training period can be sequenced in several ways (31) (figure 7.10). The optimal
sequencing of training in this phase will depend on the time interval between each
competition.
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Table 7.3 Objectives for the Competitive Subphase

Competitive Subphase | Objectives

Means of implementation

Precompetition 1. Improve performance

2. Gain experience

3. Determine strengths and
weaknesses

4. Test technique and tactics

Specialized preparation 1. Correct deficiencies revealed

for league competitions

improve competitive abilities

—_

League or official . Elevate preparedness
competitions 2. Prepare for qualifying
competitions

Special preparation 1. Maximize preparedness
2. Compete at highest level in
major competition

during precompetition subphase
2. Alter techniques and methods to 3.

1. Enter competitions of
progressive difficulty

2. Increase density of competitions

3. Decrease training volume
slightly

—_

. Include extensive training

2. Increase training volume
Participate in some competitions
without altering training

1. Reduce training volume and
increase training intensity
according to demands of the
sport

2. Participate in competitions of
increasing demands

1. Use specialized preparation
methods such as a taper to
prepare for major competition

Restoration

Competition — Competiton —» =
(maintenance)

— Competition

Restoration

Competition —— Competition :
(maintenance)

— Competition

Restoration

Competition — Competition :
(maintenance)

— Competition

Figure 7.10 Three sequences of precompetition training.
Data from G.I. Kukushkin 1983 (31).

Restoration

) —— Competition
(preparation)

—Precompetition — Competition

Regarding the time interval between competitions, Bompa (3) and Harre (15)

recommended the following:

* Undertake competitions only when the athlete is capable of achieving set objec-
tives for each training factor: physical, technical, tactical, and psychological.

* Carefully select and schedule competitions so that they progressively increase

in difficuley.

* Select challenging competitions, because unchallenging competitions do not

motivate the athlete.

* Challenge the athlete by placing her against opponents with superior capabili-

ties.
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* Avoid entering too many competitions. Participating in too many competitions,
especially those that require substantial travel, will result in an improperly dosed
competitive and training schedule, which will reduce physical and psychological
potential.

* Sequence the competitive schedule in a progressive fashion, allowing for prepared-
ness to be maximized at the main competition of the season. This will allow the
athlete every possibility to perform at her highest level at this contest.

* Allocate adequate time between competitions to allow the athlete time to train
and correct any technical flaws noted in secondary or exhibition competi-
tions.

* Instruct the athlete to perform at her highest level only in the main competitions
of the training year. Think of the other competitions as sequential progressive
steps that bring the athlete’s physiological capacity, technical skill, tactical ability,
and psychological state, and thus performance, to the very highest level.

SUMMARY OF MAJOR CONCEPTS

The appropriate use of tapering strategies is essential for the athlete to achieve peak
preparedness and performance. The athlete cannot achieve a true peak for every com-
petition he enters. Therefore, the coach must carefully craft the competitive schedule to
include two to four major competitions. All other competitions should be considered
preparatory competitions in which the athlete uses the competitive environment as
a training tool. If, however, a team sport athlete participates in competitions that
occurin a cyclic pattern, the coach should consider training strategies that allow the
athlete to recover, train, and dissipate fatigue before each contest. As with individual
sports, the culmination of the competitive team sports calendar should be a major
contest, such as conference or national championship, at which the athlete reaches
a physiological and performance peak.

The goal of a tapering strategy is to reduce training-induced fatigue and elevate
preparedness. When appropriately applied, the taper can improve performance
approximately 3%, which can make alarge difference in the competitive outcome. To
implement the taper, the coach should decrease the training load in an exponential
fashion and decrease training volume as well, by about 41% to 60% in most instances.
If, however, the pretaper training load is very high, a greater reduction in training
volume (60-90%) may be warranted. When training volume is reduced, training
frequency should be maintained at 80% or more of the pretaper values. The taper
should last approximately 8 to 14 days. If the pretaper training load is excessive, a
longer taper may be warranted; however, another strategy is to use a fast exponential
taper that involves larger decreases in volume. During the taper period the training
intensity should be maintained or slightly increased to allow the athlete to maintain
the physiological adaptations achieved during the pretaper training.



CHAPTER

TRAINING CYCLES

raining cycles can be structured into long-term plans such as the quadrennial

I (4-year) plan and the individual annual plan (1 year). Based on the method-

ological plans of the Germans preparing for the 1936 Olympics, the annual

plan can be further subdivided into grosse (macrocycle) and kleine (microcycle)

plans. Macrocycles can be structured in 2- to 7-week increments, whereas microcycles

generally consist of 1 week or 3 to 7 days of training. Although some authors suggest

that eight or nine microcycle variants exist, it is probably better to use five basic vari-

ants: developmental, shock, regeneration, competition, and tapering. Although the

five basic microcycle types are used most of the time, it is likely that some coaches
use variations of these broad categories.

MICROCYCLE

The term microcycle is rooted in the Greek word micros, which means “small,” and the
Latin word cyclus, which refers to a regular sequence of events. In training methodol-
ogy, amicrocycle is a weekly or 3 to 7- day training program within an annual program.
The microcycle is the most important functional planning tool in the training process
(16, 19, 20). The structure and content of the microcycle determine the quality of the
training process. The microcycle is structured according to the objectives, volume,
intensity, and methods that are the focus of the training phase. The physiological
and psychological demands placed on the athlete cannot be steady; they must change
according to the athlete’s working capacity, the athlete’s need for recovery, and the
competition plan. The microcycle must be flexible enough that individual training
sessions can be modified to address certain circumstances (20). When the microcycle
is modified, subsequent training lessons must be modified to maintain the focus of
the microcycle and ensure that the training objectives are achieved (22).

Constructing Microcycles

The microcycle has a strong historical precedence and can be found in the works
of Philostratus, an ancient Greek scholar. Philostratus proposed a short-term plan
that he called the tetra system, which was a 4-day training cycle that proceeded in the
following order.

203
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Day 1: Undertake a short and energetic program.
Day 2: Exercise intensely.
Day 3: Relax to revive the activity.

Day 4: Perform moderate exercise.

The tetra system structure was to be repeated continually. Such ancient training
practices are the foundation of the microcycle structure.

The main criteria determining the microcycle structure are the training goal,
training factors, and desired improvements in athletic performance. The appropri-
ate microcycle structure will dictate the rate of improvement in the various training
factors. The sequencing of the microcycle is of particular importance, because the
fatigue generated in one session can significantly affect subsequent training sessions.
For example, if a session that focuses on endurance development or contains a very
intense stimulus precedes a technical training session, the fatigue generated by the
first session will significantly impair the development of technique in the next ses-
sion. Thus, the sequencing of the training stimuli throughout the microcycle must
account for accumulated fatigue in order to maximize the development of specific
performance or biomotor factors. The microcycle should be structured using the
same concepts suggested for the training session plan:

When structuring microcycles, the coach should include opportunities for the athlete to
improve technical knowledge and develop speed, strength, and endurance.

© Human Kinetics
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Technical or tactical training

Development of speed, agility, or power

Development of strength

Development of specific endurance

Constructing a Microcycle

Repetition of a training stimulus is essential for the athlete to improve a technical
element or develop a biomotor ability. Repetitia mater studiorum ets is a Roman phrase
meaning “repetition is the mother of study.” To maximize gains, exercises that target
specific biomotor abilities must be undertaken with varying frequencies during
the microcycle. Depending on the athlete’s ability, targeted training sessions with
similar objectives and content may need to be repeated two or three times during a
microcycle to maximize the training effect. Of particular importance is the train-
ing stimulus used, because the amount of fatigue generated will affect the recovery
required before that stimulus can be used again. For example, in strength training a
20RM load requires significantly more recovery than either a SRM or a 10RM load
(1). Thus a longer recovery period may be warranted before performing this type of
strength training.

When the athlete and coach are targeting specific endurance with submaximal
intensities, three training sessions per week will suffice. However, for specific endur-
ance of maximum intensity during the competitive phase, the athlete should engage
in endurance training twice a week and dedicate the remaining days to lower-intensity
training. The athlete should use one or two training sessions per week to maintain
strength, flexibility, and speed. It appears that 2 or 3 days a week are optimal for
plyometric, speed, and agility training.

Various training loads should be alternated throughout the microcycle. The athlete
should use maximalloads no more than twice a week, interspersed with low-intensity
training days and active rest days. It is particularly important to schedule active rest
and relaxation the day after a competition. Active rest or low-intensity exercise should
be interspersed throughout the microcycle, especially after sessions that have high
to maximal demand.

When planning the microcycles, the coach can repeat the basic structure across
several microcycles, especially during the preparatory phase. Throughout a macro-
cycle, microcycles of similar nature (i.e., content and methods) can be repeated two
or three times, which can result in qualitative improvements based on the athlete’s
adaptation. The types of microcycle fluctuations will vary depending on the athlete’s
level of development.

Structural Considerations

The long-term or annual training plan dictates the structure of the macrocycle and
microcycle plans. The individual microcycle plans should be developed to meet the
objectives of each phase of the annual and macrocycle training plans. One school
of thought is to develop only two microcycles into the future, allowing the coach to
modify the training structure in response to the athlete’s improvement. A second
school of thought is to construct and use macrocycle plans. The second approach
must allow for flexibility in the training plan. In this approach the macrocycle is
considered a guideline, and the plan can be altered to address the athlete’s improve-
ment rate or dynamics. Regardless of which school of thought is used, the microcycle
should be constructed in accordance with the training objectives and the phase of
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training. When structuring the microcycles of the training plan, the coach should
consider many factors:

* The objective of the microcycle and the dominant training factors.

* The training demand (e.g., number of sessions, number of hours, volume, inten-
sity, and complexity) targeted during the microcycle.

* The intensity of the microcycle and the intensity fluctuations that are contained
in the microcycle.

* The methods that will be used to induce the training stimulus in each training
session.

* The days on which training and competition will occur (if applicable).

* The need to alter intensity each day. One possibility is to start the microcycle
with a low- or medium-intensity training session and progress with increasing
intensity.

* The timing of competitions in the context of the microcycle. When the microcycle
leads into a competition, the highest intensity or peak training session should
occur 3 to S days prior to the event.

The coach must determine whether the athlete should perform one or more sessions
per day. If the athlete’s development and work, school, or personal schedule allow for
multiple training sessions, the coach should plan the timing of such sessions.

Itis helpful to begin each microcycle with a meeting in which the coach and athlete
discuss the objectives for each training factor contained in the microcycle and how
those objectives will be achieved. The coach and athlete should discuss the volume
and intensity of training, the number of training session contained in each training
day, and where the most difficult training sessions will fall. The coach may want to
target performance standards for the microcycle. Additional personalized informa-
tion can be given to athletes at this time. Finally, if the microcycle is leading into a
competition, the coach should give the athlete details about the upcoming contest
and motivate the athlete to attain each competition goal.

If there is no competition at the end of microcycle, a short meeting should be held
after the last training session of the microcycle to analyze whether the athlete achieved
the microcycle training objectives and goals. The coach should use this meeting to
critique the athlete’s performance during training, making sure to highlight the posi-
tive aspects while targeting others for improvement. The coach can strengthen the
evaluation of the microcycle by collecting input from the athlete. The coach should
then take all information obtained from the meetings and training outcomes to
formulate strategies for future microcycles with similar objectives and goals. The
meeting following a microcycle is a tool with which coaches and athletes can coor-
dinate their focus on performance outcomes.

Classifying Microcycles

Several different microcycle structures are presented in this chapter, but specific train-
ing circumstances result in an infinite number of structural variations. The dynam-
ics of the microcycle is dictated by many factors including the phase of training, the
developmental status of the athlete, and the training factor emphasis (e.g., technical,
tactical, or physical preparation). One of the most important factors dictating the
microcycle structure is the athlete’s level of development and training capacity. For
example, a highly trained athlete may be able to tolerate a greater density of train-
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ing sessions performed at higher intensities than a novice or less-developed athlete.
Athletes on the same team may have different work capacities and training needs, so
individualization of microcycle structure may be warranted.

To create an individualized training stimulus, the coach must eliminate stan-
dardization and rigidity when structuring the microcycle. The microcycle should
be flexible in the context of the training plan as well, which will allow the coach to
change training factors as the athlete progresses through the training plan. This
flexibility allows the coach to use information gathered from training, assessments,
or competition to modify the training plan to help the athlete meet performance
and training objectives.

One method for classifying microcycles centers on the number of training sessions
per week. As stated previously, the number of training sessions that the athlete can
tolerate without overtraining occurring is dictated by the athlete’s level of develop-
ment and physical preparation. Additionally, the microcycle structure will change
depending on the available time for training and whether the athlete is participating
in a training camp or undergoing regular training sessions.

There are a variety of microcycle structures: 3 days per week (figure 8.1), 4 days per
week (figure 8.2), and 5 days per week (figure 8.3) are common structures. Advanced
athletes who have a high work tolerance and can meet the time requirements can
undergo eight training sessions per week (figures 8.4 and 8.5). Microcycles with

Session DAY
time Monday Tuesday | Wednesday | Thursday Friday Saturday Sunday
a.m.
p.m. Training Training Training
Figure 8.1 Microcycle with three training sessions per week.
Session DAY
time Monday Tuesday | Wednesday | Thursday Friday Saturday Sunday
a.m.
p.m. Training Training Training Training

Figure 8.2 Microcycle with four training sessions per week. A variant is to have the fourth

training session on Friday.

Session DAY
time Monday Tuesday | Wednesday | Thursday Friday Saturday Sunday
a.m.
p.m. Training Training Training Training Training
Figure 8.3 Microcycle with five sessions per week.
Session DAY
time Monday Tuesday | Wednesday | Thursday Friday Saturday Sunday
a.m. Training Training Training Training
p.m. Training Training Training Training

Figure 8.4 Microcycle with eight sessions per week.
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additional training session may be used during holidays or during training camps,
when more time is available for training, or with more advanced athletes.

There are many ways to increase the number of training sessions. The athlete can
use a 3+1 microcycle, training on three successive half days, followed by a half day of
rest, for a total of 9 training sessions during the microcycle (figure 8.6). This model
can be modified for an athlete whose training tolerance or potential is higher and
can tolerate more intensive microcycles. A 5+1 microcycle (five sessions plus 1/2 day
of rest) (figure 8.7) and a 5+1+1 microcycle (five sessions plus 1/2 day rest, followed
by 1/2 day of work) are intensive microcycles (figure 8.8). The structure of these more
intensive microcycles depends on the amount of time that is available and the type
of training stimulus used during each session.

The microcycle structure can be further expanded by integrating multiple train-
ing sessions throughout the day that target different training factors. For example, a
three-component microcycle may be constructed where a sprint-agility or a plyometric
session is conducted in the morning and the main training session, which targets
tactical or technical development followed by strength training, may be performed
in the late afternoon or early evening (figure 8.9).

An additional aspect of the microcycle structure relates to the variations in train-
ing intensity and demand. The training dynamics should not be uniform across
the microcycle. They should vary depending on the characteristics of the training,
the type of microcycle used, the environmental conditions (e.g., climate, weather),

Session DAY
time Monday Tuesday | Wednesday | Thursday Friday Saturday Sunday
a.m. Training Training
p.m. Training Training Training Training Training Training

Figure 8.5 Alternative microcycle with eight sessions per week.

Session DAY
time Monday Tuesday | Wednesday | Thursday Friday Saturday Sunday
a.m. Training Training Training Training Training Training
p-m. Training Training Training
Figure 8.6 Microcycle with a 3+1 structure.
Session DAY
time Monday Tuesday | Wednesday | Thursday Friday Saturday Sunday
a.m. Training Training Training Training Training Training
p.m. Training Training Training Training
Figure 8.7 Microcycle with a 5+1 structure.
Session DAY
time Monday Tuesday | Wednesday | Thursday Friday Saturday Sunday
a.m. Training Training Training Training Training Training Training
p.m. Training Training Training Training

Figure 8.8 Microcycle with a 5+1+1 structure.
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and the phase of the annual training plan. The intensity of training can alternate
between the seven intensity zones, ranging from very high (90-100% of maximum) to
a recovery session where no training is undertaken (table 8.1). These alterations are
dictated by the objectives of the microcycle. For example, the objectives of an inten-
sive microcycle may require one (figure 8.10), two (figures 8.11-8.15), or occasionally

Session DAY
time Monday Tuesday Wednesday Thursday Friday Saturday Sunday

7:00 | Plyometric Sprint and Plyometric Sprint and Plyometric Sprint and
a.m. | training | agility training | training | agility training | training | agility training
3:00 Main Main training Main Main training Main
p.m. | training training training
5:00 | Strength Strength Strength
p.m. | training training training

Figure 8.9 Microcycle with the integration of multiple training factors.

Table 8.1 Intensity Zones and Training Demand
Percentage of
Intensity zone Training demand maximum performance | Intensity
5 Very high 90-100 Maximum
4 High 80-90 Heavy
3 Medium 70-80 Medium
2 Low 50-70 Low
1 Very low <50 Very low
Recovery Recovery No training Recovery
Training demand
90-100% Very high
80-90% High
70-80% Medium
50-70% Low
<50% Very low
0 Recovery
Days of the microcycle
Figure 8.10 Microcycle with one peak.
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Training demand
90-100% Very high
80-90% High
70-80% Medium
50-70% Low
<50% Very low
0 Recovery

| M T W Th F Sa Su
Days of the microcycle

Figure 8.11 Two-peak microcycle.

Training demand
90-100% Very high
80-90% High
70-80% Medium
50-70% Low
<50% Very low
0 Recovery

Days of the microcycle

Figure 8.12 Variation of a two-peak microcycle.

three (figure 8.16) high-demand to very high-demand training days depending on
the objective of the microcycle.

When planning the modulations of intensity or training demand within the micro-
cycle, the coach should consider the principles of load progression. The microcycle
usually should contain only one peak, which occurs somewhere during the middle
3 days of the week. In some instances a microcycle can contain two peaks that are
followed by 1 or 2 days of regeneration sessions. An exception to this rule may occur
when model training is being used; in this case, two peaks can occur on adjacent days
to simulate a competitive situation.

The microcycle structure can be modified if the athlete is training at high altitude
or has traveled a long distance and crossed several time zones (5-8 hr time difference).
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Training demand
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Figure 8.13 Two-peak microcycle with high demand.

Training demand
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Figure 8.14 Two-peak microcycle in which the second peak is a competition.

In these situations it may be warranted to add an adaptation microcycle that does
not contain a peak. The microcycle structure also should be altered when the athlete
is training in a hot and humid climate. In this situation it is recommended that the
peak occur at the beginning of the week when the athlete has more vigor.

The sample microcycles in figures 8.10 through 8.16 represent total training
demand rather than the separate variables of volume and intensities. The use of
total training demand allows for the microcycle structure to be used in a variety of
sporting activities, because sports vary in their area of emphasis, with some being
dominated by speed-power, maximal strength, or endurance. Additionally, team
sports contain a complex interaction of many factors that can best represented by
total training demand.
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Training demand
90-100% Very high
80-90% High
70-80% Medium
50-70% Low
<50% Very low
0 Recovery

Days of the microcycle

Figure 8.15 Microcycle model for two adjacent peaks.
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Figure 8.16 Three-peak microcycle with alternating training demands.

A microcycle can be structured many ways; some authors speculate that there are
at least 22 possible microcycle structures. This number of microcycle variants may
complicate the training and planning process, so it may be better for the coach to
use the most common microcycle structures and adapt them to individual training

needs.

The microcycle should be functional and, therefore, as simple as possible. The
plan should specify the date, objectives, and content for each training session. The
content should be succinct and easy to understand and should emphasize major
items to target in the training session. Figure 8.17 shows a microcycle plan from the
competition phase.
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Sport/Event: Javelin Microcyle # 29
Date : 20.07-27-09 Objectives:
1. Perform 67:00 m
2. Perfect the rhythm of the last three strides under higher velocity conditions
3. Develop the ability to concentrate for the morning competition
4. Maintain leg and arm power
Time Mon. Tues. Wed. Thurs. Fri. Sat. Sun.
a.m. ¢ 15 min Competition Same as | Competition Competition
10:00-11:00 | warm-up warm-up: 6 throws Tuesday | warm-up 10:45
e Sprints:
20,30,40m 6
2.3
4’4
e Warm-up: 20 e Warm-up: Basketball | Same as | ® Warm-up: Basketball
min Competition game: 2 X | Monday Competition game: 2 X
* Sprints: * Throws: 15 min * Throws: 15 min
304m 3 « 6 throws 4/4 15 medium
i « 15 throws, approach
* Technique: 3/4 with short » Walk & .
« Last 3 strides approach throw: 15 min
« Warm-up: at different
* 30 throws : . sports in the
with baseball 7 min specific
o warm-up grass
* 15 medicine ] . « Relaxation:
ball throws » Weight training: Speci .
30 min pecial
*2Xx30m s . EXercises
bounds * Flexibility: 5 min

Figure 8.17 Competition phase microcycle plan.

Classification of Microcycles Based on Training
Objectives and Phase of Training

The structure of the microcycle depends on the training objectives and thus the train-
ing phase. From this point of view there are four general microcycle classifications:
developmental, shock, recovery-regeneration, and peaking and unloading,

Developmental Microcycles

Developmental microcycles are specific to the preparatory phase of training. The
objective is to increase the level of adaptation, improve skills, and develop biomotor
abilities. Such cycles could have two or three peaks of medium and high demand. The
microcycle can use a step loading or flat loading method, depending on the athlete’s
classification. Figure 8.18 illustrates a microcycle for the early part of the preparatory
phase, presenting training sessions for early adaptation and development.

Shock Microcycle

A shock microcycle contains a sudden increase of training demands beyond those
previously experienced. These microcycles may also be considered as planned over-
reaching (20) or concentrated loading (20-22). A shock microcycle can be character-
ized by two to four peaks in training demand that most likely occur in the middle
and second part of the preparatory phase. A shock microcycle is designed to apply a
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saturated stimulus that will elevate the athlete’s preparedness in subsequent training
blocks (16). This type of load will result in a significant level of physiological distur-
bance, which will facilitate further increases in preparedness and performance (S, 6,
15). However, the greater the training load programmed in a shock microcycle, the
longer the delay before performance increases after the athlete returns to normal
training loads (16, 19).

An example of a shock microcycle is presented in figure 8.19. In this example a
three-peak microcycle has been constructed in which very high training demands
are encountered. To facilitate recovery, two recovery days are planned (Thursday and

Training demand

90-100% Very high
80-90% High
70-80% Medium

50-70% Low

<50% Very low

Adaptation
Developmental
Developmental
Developmental

Adaptation

0 Recovery Recovery

Days of the microcycle

Figure 8.18 Developmental microcycle. The scope or focus of this microcycle is adaptation.

Training demand
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80-90% High
70-80% Medium
©
50-70% Low =
5 £
e Q.
o S
<50% Very low 3 [
[e) [0)
o) o
®
0 Recovery o Recovery

Th
Days of the microcycle

Figure 8.19 Variant of a shock microcycle. A variant of the shock microcycle presented may contain
a light recovery training session on Thursday.
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Figure 8.20 Variant of a shock microcycle interspersing high-intensity peaks with lower-intensity
active rest.

Sunday). An alternative to this formatis to intersperse the high-intensity peaks with
lower-intensity active rest or regeneration workouts (figure 8.20). When using these
types of cycles, the athlete must allow enough time for preparedness and performance
to supercompensate. Therefore, these types of microcycles should not be used imme-
diately before a competition or 2 to 3 weeks after a shock, regeneration, or unloading
microcycle, when training intensity should be markedly lower.

Recovery—Regeneration Microcycle

The goal of a regeneration microcycle is to dissipate fatigue and elevate the athlete’s
level of preparedness, which ultimately will improve performance. This microcycle is
marked by a significantly lower training demand, which can be created by decreas-
ing training intensity, volume, or some combination of both. Another approach to
using this type of microcycle is to include activities that train similar physiological
characteristics as the targeted sport but are different than the typical training activi-
ties. The regeneration microcycle elevates performance and decreases the potential
for overtraining.

Peaking and Unloading Microcycles

To dissipate fatigue and elevate performance, unloading or peaking microcycles need
to be included in the annual training plan. (See chapter 7 for more information on
peaking.) This type of microcycle is created by manipulating training demand (volume
and intensity) to dissipate fatigue and elevate performance at the appropriate time.
The reduction of training demand will result in physiological responses that allow
supercompensation to occur.

Microcycle Dynamics During the Competitive Phase

The sequencing of individual microcycles depends on the competitive schedule.
Timing of competitions also affects the placement of regeneration and unloading
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days within the microcycle. The format used when planning a competitive microcycle
will be affected by the requirements of the sport. In team sports there may be sev-
eral competitions in 1 week, whereas in individual sports (figure 8.21) competitions
may occur over several consecutive weeks. With one competition per week, 1 or 2
days of rest and recovery should be included each week. The bulk of training will be
conducted during the middle of the microcycle. In this example, a medium to high
training demand is used. After the bulk of training is completed, unloading should
then be planned for the 2 days prior to the next competition.

This basic competitive microcycle can be modified when the opponent is weaker
or the competition is of little importance. Such a competition will not present a
high physiological challenge, and the subsequent competition-induced fatigue will
be markedly less than usual. It may be warranted in these situations to replace the
recovery day that is planned for Monday in this example with an additional techni-
cal or tactical training session. Additionally, it is likely that only one unloading day
would be needed before a minor competition. This schedule results in a net gain of 4
training days, with at least one of those days being of a high demand.

When teams have multiple competitions or games in one microcycle (see figure
8.22), Monday is as a short regeneration session that contains a very low to low train-
ing demand. The second session of the microcycle (Tuesday) is a tactical day that
is used to elevate performance during the Wednesday competition. On Thursday a
regeneration day is planned, and Friday is the only high-demand training session of
the microcycle. To elevate performance for the Sunday game, an unloading day is
planned for Saturday.

If the competitive schedule is organized over 2 days of a weekend (e.g., team sports
tournament or several races in track and swimming) the microcycle can be organized
as depicted in figure 8.23. Two unloading training sessions are used on the 2 days
(Thursday and Friday) prior to the weekend competition so that fatigue is dissipated
and supercompensation of preparedness occurs at the competition. The highest train-
ing demand occurs at the beginning of the microcycle (Tuesday), thus progressively
decreasing the training demand across the microcycle.

Training demand
90-100% Very high
80-90% High
70-80% Medium = g
= =2 =
= < =
g 2 | = g
50-70% Low £ £ £ €
(&) 5 = © ) o
= 3 = £ 2
o Q < kel =
o () = (3] I} o
<50% Very low c < @ o o
[ 3] = = kel
g | 2 5 | 5
o
0 Recovery Rest
Su M T W Th F

Days of the microcycle

Figure 8.21 Microcycle with weekly competitions.
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Figure 8.22 Competitive microcycle for a team sport with two games in 1 week.
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Figure 8.23 Competitive microcycle for a team sport with two games in one weekend.

Days of the microcycle
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Competition

Competition / Game

Competition

If the microcycle contains a multiple-day tournament, the coach should plan
regeneration activities that may include active recovery (see chapter S for informa-
tion on rest and recovery). Active recovery performed at very low intensities can
facilitate lactate removal (10, 13, 17), dampen central nervous system activity (18),
and reduce muscle soreness (18). Active recovery should include very low intensities
of exercise that do not significantly affect muscle glycogen stores. Tournament play
can significantly affect glycogen (9), so glycogen stores must be replenished before
the next competitive match. The best method for accomplishing this is to follow a
postexercise supplementation regime and ensure adequate dietary intake of carbohy-
drate between matches (4, 8). A microcycle for a week-long tournament is presented
in figure 8.24. Note that the morning after every game includes a very low-intensity
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DAYS OF THE MICROCYCLE
Time Mon. Tues. Weds. Thurs. Fri. Sat. Sun.
a.m. Regeneration Regeneration Regeneration
Game Tactical Game Tactical Game Tactical Game
p-m. training training training

Figure 8.24 Microcycle for a week-long team sport tournament.

regeneration session that is designed to speed recovery. Additionally, a low-intensity
tactical training session is planned for the late afternoon on the day prior to each
game. A microcycle formatted in this fashion will provide the athlete with the best
potential to recover and maximize performance.

Model of a Microcycle for Competition

The vast majority of the microcycles in the annual training plan target the develop-
ment of skills and abilities required by the sport. However, during the competitive
phase, the focus of the training plan shifts to maximizing performance capacity
during competition. This is accomplished by modifying the microcycle structure
in accordance with the demands of the sport and the athlete’s physiological and
psychological needs. One strategy is to develop the microcycle based on a model of
the competition. This model can be used repeatedly prior to main competition. The
model should contain training sessions of various intensities and should alternate
between active rest and recovery. The daily cycle should be identical to the day of the
competition.

Many sports (e.g., track and field, swimming, tennis, some team sports, martial
arts) have qualifying rounds followed by finals in the same day (e.g., Friday 10:00 a.m.
and 6:00 p.m.). Models designed to address this competitive schedule would place the
main training day on Friday, which would contain two training sessions that would
occur at the same times as the targeted competition.

Other sports (e.g., some team sports, boxing, tennis, and wrestling) may contain
3 or 4 days of consecutive competitions. This type of competitive format can also
be modeled by modifying the microcycle structure to correspond to the demands of
the competition. This model should be repeated several times prior to the contest.
However, the model should only be used every 2 or 3 weeks, with developmental
microcycles placed between each microcycle containing this competitive model.

Some tournaments such as the Olympic Games, World Championships, or inter-
national competitions are organized over 4 to 9 days. It is not feasible to model this
competitive format because such a model will create a large amount of physiological
stress and significantly affect the time that can be dedicated to training. To prepare
for larger tournaments, the athlete should participate in smaller tournaments that
last 2 or 3 days and contain four or five competitive efforts. To prepare for these
tournaments, the athlete should follow developmental microcycles and daily train-
ing structures that contain characteristics of the targeted tournament. It may also
be warranted to familiarize the athlete with the competitive schedule by using the
competitive model, altering between competition and recovery typically seen in a
tournament. It may be recommended that training days that fall on the same day of
a tournament involve higher demands, whereas the day after this session should be
of lower intensity or contain a recovery session.



Training Cycles

219

The athlete should alternate between simulated competitive days and rest and
recovery days to maximize her ability to adapt to the competition schedule. Many
athletes do not favor free days between competitions because performance during
the second day of competition is sometimes not as good as expected. The decrease
in performance seems to be based on postcompetition psychological reactions (such
as overconfidence, conceit) rather than an accumulation of fatigue. To facilitate the
athlete’s ability to tolerate the rest days between competitions, the coach can include
competition-based microcycles in all macrocycles contained in the competitive phase
of the annual training plan. If the competitive phase is short, the coach can introduce
the competitive model during the last part of the preparatory phase.

Although the competitive model can be used to prepare for a major competition,
the athlete likely will participate in several additional competitions. Such competi-
tions may occur on a different day of the microcycle than the major competition.
The microcycle model usually should not be modified in these situations, especially
if the athlete is likely to qualify for the major competition.

The main goal of the microcycles preceding the major competition is to allow
the athlete to completely recover from the physiological and psychological stress of
training so that peak performance occurs (for more information on peaking, see
chapter 7). The athlete can peak by reducing the training load by approximately 40%
to 60% across the microcycle (2) before the major competition. Another strategy is to
manipulate the training load across two microcycles. In this situation peaking can
be accomplished in 8 to 14 days with gradual reductions in training load. Several
examples of peaking strategies are presented in chapter 7.

Recovery and Regeneration Microcycles

Elevations in preparedness and performance occur when fatigue is dissipated (19,
20, 24). One might argue that fatigue management is central to the actual training
process (20). If fatigue is managed appropriately, a supercompensation effect will
occur, elevating preparedness and performance.

Recovery and regeneration can be integrated into a microcycle in several fashions.
For example, including rest days, variations in training intensity, and alternative
methods of training can facilitate recovery between or within training sessions (20).
A regeneration microcycle should be incorporated at the end of a macrocycle. Figure
8.25 presents a classic 4:1 (loading and unloading) step paradigm in which week 4 is
an unloading or regeneration microcycle. These microcycles can be structured the
same as a training microcycle, but the intensity, density, or frequency of training
can be reduced.

Another restoration microcycle structure contains actual training sessions that are
designed to stimulate recovery. These sessions can contain a slightly longer warm-up
and a relatively short training session consisting of either light work applicable to the
sport or complementary activities followed by a series of activities designed to facili-
tate recovery (see chapter S for more details). Table 8.2 gives an example regeneration
session and several different regeneration techniques.

Regeneration microcycles are integral parts of the annual plan and are particularly
important during the competition phase. During the competition phase of training
for many sports, 2 or 3 microcycles can be included that contain a series of competi-
tions. The use of many competitions will increase the amount of fatigue experienced
by the athlete. To enable the athlete to tolerate this high amount of physiological and
psychological stress, regeneration and recovery microcycle structures should be used.
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Figure 8.25 Placement of a recovery and regeneration microcycle.

Regeneration microcycle

Macrocycle 1

Table 8.2 Regeneration Session

Description

Week 2 Week 3 Week 4 Week 5 Week 6 Week 7

Macrocycle 2

Duration (min)

Regeneration microcycle

Week 8

Warm-up

Training session

Cool-down

Regeneration

Alternative
regeneration
techniques

General warm-up
Specific warm-up

Low-intensity work from either the sport
being trained for or a complementary activity

Static stretching

Warm water immersion
¢ 37-39 °C for the whole body
* 37-40 °C for the legs
e 37-45 °C for the arms or hands

Total body massage

Sauna
® 60-140 °C; 5-15% humidity

Contrast therapy
¢ Thermotherapy: 37-44 °C
* Cryotherapy: 7-20 °C

Cold water immersion
* 12-18 °C

10
20
30

10
10-20

10-20
30

An example of a regeneration microcycle is presented in figure 8.26. This microcycle is
designed to remove physiological and psychological fatigue, aid in the replenishment
of energy substrates, and supercompensate the athlete at the end of the cycle.

Quantifying Training

The coach and athlete should use objective methods to plan training intensities or
loads. Too often training programs are based on subjective indicators. In the best-
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Figure 8.26 Regeneration microcycle.

case scenario the plan alternates heavy training days with easy days throughout the
year. In the worst-case scenario, the plan uses a “no pain, no gain” philosophy and
the loading or intensity of training is constantly very high, which ultimately leads
to overtraining and high levels of fatigue.

Although few coaches quantify the loading parameters contained in their training
programs, quantifying training is one of the most important parts of developing a
training plan. In individual sports, such as track and field, swimming, and rowing,
volume is often quantified using mileage (kilometers or miles per microcycle, mac-
rocycle, or year of training). In the throwing events, volume may be quantified as the
number of throws completed in the individual cycles. Intensity may be quantified as
distance jumped or thrown, the percentage of maximum speed, or maximal power
output or heart rate. In strength training, the volume of training is quantified as
the volume load or tonnage lifted, whereas intensity is determined by the athlete’s
maximal strength or 1RM (see chapter 10 for more information). Training intensity
and volume are rarely quantified in team sports, which makes it difficult for coaches
to monitor the athletes’ training.

The quantification of training is often a difficult undertaking, which is easier to
accomplish when the training program is designed for an athlete with whom the
coach is very familiar. The coach should know the athlete’s training background,
abilities to tolerate physiological and psychological stress, strengths and weakness,
and training environment. Because these characteristics are different for each athlete,
training programs should not be shared by athletes. Understanding the athlete’s needs
and abilities is an essential component of designing a training plan. The intensity of
training should be planned using established equations, and the volume of training
should be quantified.

In all programs, the training intensity throughout the microcycle must be varied
to enhance the athlete’s physiological adaptation to the training load and stimulate
regeneration after a training session. To quantify the training intensity, the coach
may identify three to five training intensities based on the physiological demands
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of the sport. Each intensity must correlate with the activity’s rhythm or tempo, the
training type and method, and the athlete’s heart rate response (plus or minus a few
beats per minute). The intensity zones should be determined according to the bio-
energetic characteristics of the sport or the percentage contribution of the various
energy systems. After gathering this information, the coach can plan the percentage
of each intensity level contained in the microcycle (table 8.3). The highest percentage
of the training load should target the development of the dominant ability and the
bioenergetic characteristics of the sport.

Tables 8.3 and 8.4 show this concept applied in a microcycle for rowing. In table
8.3, intensities 3 and 4 comprise 70% of the total training load for the competitive
phase of the annual training plan. The same two intensities dominate the example
in table 8.4, which shows the link between the theoretical concept and its application
in the training of rowers.

If an objective means of quantifying training does not exist, the coach can sub-
jectively divide skills and training into more difficult (pace of game, race, or match)
and less difficult stratifications. The pace of the game, race, or match should be
simulated with intensity number 2; this intensity should be used for at least 50% of
the training time per week.

Table 8.3 Example of Intensity Zones for Rowing

INTENSITY ZONES
1 2 3 4 5
Characteristics Speed Power Specific racing Aerobic Aerobic
endurance endurance endurance endurance of endurance
medium distance | of long
distance
Rhythm of Maximum Very high, Rapid, the Moderate, lower | Low
activity greater than optimal rhythm than the racing
the racing rate | and ratios rhythm
and rhythm
Stroke rate >40 37-40 32-36 24-32 <24
Type of training Starts and Repetitions of | Races and Long repetitions; | Long-
sprints up to | 250-1,000 m; | controlled variable rate and | distance
15 s; rest 1.5 | rest 3-10 min | racing. Interval power. Long- (steady-
min training of 3-4 distance rowing | state)
min; rest 4-5 min | with sprints of technique
30-60 s
Heart rate >180 170-180 150-170 120-150 <120
(beats/min)
Bioenergetics (%)
Anaerobic | 80 65 25 1% 5
Aerobic 20 35 75 85 95
Total training 10 70 20
volume (%)
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Table 8.4 Example of Using Numeric-Based Intensity Zones to Construct a
Microcycle for Rowing

MICROCYGLE
Time Mon. Tues. Wed. Thurs. Fri. Sat. Sun.
Intensity 4 3 5 4 3 4
g Distribution (km) | 24 20 24 24 20 24
= Training Long Interval Aerobic Variable Interval Aerobic
:: repetitions: 8 | training: 10 X | endurance, | rate, variable | training: 6 X | endurance:
2 X 2 km 3 min, work/ | long power 3 min, work/ |3 X 1min
& rest ratio 1:1 | distance rest ratio 1:1.5
Intensity 2 4 1 4 2
Distribution (km) | 20 24 20 24 20
Training Model training: | Variable Sprints: | Long reps: 3 Model
1% 250m. 2 | rate, variable 500 total | X 6 km, rest training: 1 X
o ) .
2 X 500 m, 2 x | power strokes, |5 min 250 m, 6 X
= 1,000 m, 2 x rest 1.5 1,000 m, 2 X
8 500m, 2 X min 500m, 2 X
© 250 m 250m
Weight training | Maximum Muscular Maximum | Muscular
strength endurance strength | endurance

Abetter quantification system contains five intensities, in which 5 is a low intensity
to use for compensation between other intensities or to facilitate supercompensation.
An example of a five-category stratification follows:

1. Maximum intensity

2. Higher than the pace of the game, race, or match
3. Pace of the game, race, or match

4. Lower than the pace of the game, race, or match

5. Compensation

In either case, the intensity higher than the pace of the game, race, or match is
dominated by anaerobic energy supply, whereas aerobic energy supply dominates
intensities that are below game, race, or match pace.

Whether using objective or subjective methods to quantify training, the coach
should follow the correct sequence when planning the microcycle. The first step is
to plan the intensity zones for each day of the week and indicate this on the training
plan (table 8.4). Intensity zones should be chosen for each day of the week to provide
variations in intensities, type of work, or energy system targeted. After this step of
the planning process is completed, the training plan should be developed (step 2). For
the best results, the coach should include several variables of work for each intensity,
irrespective of whether this refers to technical, tactical, or physical training. Each plan
should include one to three intensity symbols, which means it is possible to train at
least two types of work that tax the same energy system. This suggestion is mostly
valid for sports of high technical and tactical complexity. An example for a team
sport illustrates this sequence. Table 8.5 is an example of a method for quantifying
training; whereas table 8.6 is an example of how to plan intensity zones.
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Table 8.5 Quantification of Training for Team Sports

INTENSITY ZONES
1 2 3 4 5
Characteristics T: complex; T/TA: suicide TA: \'/OZmax T/TA: T: skills:
of training TA: lactic acid drills phosphagen accuracy in
tolerance shooting,
training serving, passing
Duration 30-60 s 20-30s 3-5 min 5-15s 10 min (several
bouts)
Rest interval 3-5 3 2-3 1-2 1
(min)
Heart rate (beats/ | >180 >180 >170 >170 120-150
min)
Bioenergetics (%)
Anaerobic 80 90 40 90 10
Aerobic 20 10 60 10 90
Total training 40 20 20 20
volume (5)

Note: T = technical; TA = tactical. During the rest interval, athletes can practice technical skills of low intensity (e.g., shooting

the basketball).

Table 8.6 Example of Alternating Intensities During a Microcycle for
a Team Sport

DAY
Mon. Tues. Wed. Thurs. Fri. Sat. Sun.
3 2 3 4 5
1 5 5 1
5 2 5

Note: Several intensities are planned for a given day.

Alternating Intensity and Energy System Focus
During a Microcycle

Alternating training intensities during a microcycle is one of the most effective meth-
ods to prevent exhaustion, staleness, and overtraining. The higher the intensity
or power output of the activity, the greater the reliance on anaerobic energy supply
(phosphagen, fast glycolytic, and slow glycolytic). Thus, a plan that modulates the
intensity of training will target a specific energy system, thus facilitating recovery
and regeneration or stimulating adaptation. The structure of this variation will be
dictated by the phase of training (preparatory vs. competitive) and the need to super-
compensate a specific energy system prior to competition. This is best accomplished
through creating microcycle variations based on the interaction of science and train-
ing methodology. A plan that is appropriately varied will greatly increase the athlete’s
probability of reaching peak performance at the appropriate time.
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For most sports, the energy demand of the activity preferentially targets at least
two energy systems (12, 20). Although the primary energy system targeted can be
isolated, all of the energy systems are active at the same time and the intensity of
the activity (i.e., power output) will dictate which energy systems are preferentially
targeted (3). Therefore, a high intensity will increase the influence of the phosphagen
and fast glycolytic systems, whereas a lower intensity will increase the emphasis on
the slow glycolytic and oxidative systems (20). If the competition depletes the athlete’s
energy reserves, training intensity during the postcompetitive training days should
be reduced. Reducing the intensity of training will dissipate cumulative fatigue, thus
creating a microcycle that induces recovery and regeneration and thus prepares the
athlete for subsequent training.

Although it is important to alternate work and regeneration, it is not always nec-
essary for the athlete to be completely recovered for the next bout of training. For
example, during the preparatory phase of training, when the major focus is to develop
astrong physiological foundation, the athlete will not fully recover and performance
will not supercompensate. When the training demand is lowered in later unloading
microcycles, the athlete’s level of preparedness will be elevated and performance will
increase. Therefore, during the preparatory phase of training, the plan can include
developmental and shock microcycles without allowing the athlete enough time
to remove all of the accumulated fatigue. This process will challenge the athlete’s
physiological systems and result in greater performance improvements after future
unloading microcycles. As a competition approaches, the fatigue generated in the
preparatory phase can be reduced by alternating training intensities, thus stimulat-
ing physiological adaptations, removing fatigue, and allowing physical parameters
to supercompensate.

Alternating the focus on intensity and energy systems can be very difficult with
complex sports (such as team sports) in which multiple energy systems play alarge role
in performance and the technical and tactical skills are very intricate. Such activities
can require the athlete to maximize strength, speed, and high-intensity endurance
to be successful. Thus, planning involves a conundrum in which many tasks must
be trained to meet the demands of the sport without inducing overtraining. The best
approach is to vary intensities of training, thus changing the bioenergetic targets of
training, to develop multiple facets of the athlete’s physiology. A two-step process can
be used to vary training intensities in an attempt to target specific energy systems.

The first step is to classify all the skills and types of training according to the
energy systems that are taxed. Table 8.7 gives an example of how one might classify
skills. Although table 8.7 can be used as a guideline for classifying skills, it may be
warranted to systematically classify the skills and biomotor abilities that are ger-
mane to the sport. One method for planning the daily training session is to target
a specific energy system with all skills and physical training activities. Conversely,
the daily session can target one training option and leave the balance of the other
activities for other days.

The second step is to plan a microcycle that alternates the training options from
table 8.7 to target specific energy systems. The alterations in training loads coupled
with appropriate nutrition will allow the athlete to restore energy sources, facilitating
physiological adaptations that will eventually increase performance.

In terms of microcycles that alternate energy systems, these types of training cycles
are not planned throughout the annual plan. During some phases of training fatigue
must be dissipated to stimulate supercompensation, whereas in other phases high
levels of fatigue are generated to challenge the athlete’s physiology to adapt. Even
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though the training options are alternated in these microcycles, it is likely that the
training demand will create alarge amount of fatigue, which will decreases prepared-
ness and ultimately suppress the supercompensation effect.

Several examples of how to manipulate the training demand are presented in this
chapter (see the figures in the following sections). Alternating the training demand
will challenge the athlete on some training days, which will produce a high level of
fatigue, whereas on other days fatigue will be removed in response to a less-challenging
training bout. Each sample microcycle contains a diagram of the dynamics of fatigue
or supercompensation in response to various training sessions.

Team sports are very complex, and a single training session for these sports will
stress multiple energy systems as well as the neuromuscular system (technique, maxi-
mum speed, strength and power). Figure 8.27 gives an example of how the microcycle
can be varied. Monday’s session taxes the neuromuscular, phosphagen, and glycolytic

Table 8.7 Classification of Skills and Physical Training for Alternating

Energy Systems
ENERGY SYSTEM
Phosphagen Glycolytic Oxidative
Technical skills | 1-10 s Technical skills | 10-60 s Technical skills | Long duration
Tactical skills 5-10s Tactical skills 10-60 s Tactical skills Medium to long
duration
Maximum Speed training | 10-60 s Aerobic
speed endurance
Power training | Short Power Muscle Medium to long
duration endurance endurance duration
Maximum 1-2 sets with | Muscle
strength long rest endurance
intervals
Microcycle day
Day M T w Th F Sa Su
Technique | Tactical Technique Tactical Technique | Technical
- or tactical
Training
demand Speed Endurance Endurance | Speed Endurance
Power or Power or Power or
maximal maximal maximal
strength strength strength
Theoretical
fatigue S\ m— - /
curve

Figure 8.27 Microcycle to be used at the end of the preparatory phase of training for a
team sport.
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energy systems. Activities involving speed, power, and maximum strength training
performed for short durations rely on ATP-PCr as fuel. However, a large volume of
these activities can cause significant glycolytic stress and can deplete glycogen stores.
Depending on the volume and intensity of training, the rate of recovery from Mon-
day’s workout should be relatively quick, allowing the athlete to perform Tuesday’s
training session without much fatigue.

In a traditional plan in which the athlete experiences high levels of physiological
stress almost every day, the demanding session occurring on Monday in figure 8.27
could nearly deplete the glycogen stores and produce a high level of accumulated
fatigue. Alternating training intensities may help the athlete better manage this
fatigue. For example, in figure 8.27 Monday is a training day with a high amount of
physiological stress, whereas Tuesday’s training session contains tactical and endur-
ance training performed at a much lower intensity. The remainder of the microcycle
alternates training stressors that modulate fatigue (or preparedness).

Another example of how one might alternate training stressors during a microcycle
is presented in figure 8.28. This figure presents a hypothetical model for a sport in
which speed and power are dominant. Speed and power training occurs on the same
day as power endurance training, which is marked by repeating power exercises 10
to 25 times per set. Two high-intensity training days in which the phosphagen and
glycolytic systems are taxed precede a training day that focuses on tempo training
and the development of endurance.

Figure 8.29 is a microcycle for a sport that is dominated by aerobic endurance capac-
ity and thus relies predominantly on oxidative metabolism. The training options
in this plan tax the same energy system in the same day. The plan simultaneously
includes types of strength training specific to endurance sports that tax the energy
system on the particular day. Consequently, muscular endurance or high-volume
(many repetitions) strength training is performed after the endurance training bout.
Higher-intensity activities (maximal strength or power endurance training) occur on
days that specifically tax the phosphagen and glycolytic systems. This type of targeted

training is sometimes termed ergogenesis or ergogenic training.

Microcycle da:

Day M T W Th F Sa Su
Technical Speed Tempo Technical Speed Tempo
Training Maximum Power or Tactical Maximum Power Tactical
demand strength power strength
endurance

Power
endurance

Theoretical

B “\/\/“\/“\/\/"

Figure 8.28 Alternating training stress for a sport that requires speed and power.
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Figure 8.30 shows a microcycle structure for an endurance sport in which com-
petition lasts between 4 and 6 min. In this example, high-intensity endurance that
stresses both the phosphagen and glycolytic systems is important for a successful
performance. Days that target the development of high-intensity endurance (i.e.,
produce significant glycolytic stress) are followed by low-intensity aerobic work that
is used as a compensation activity. The goal is to develop the ability to produce high
levels of lactic acid formation and then buffer this lactic acid and remove it quickly,
inducing a faster recovery rate. In this example, days that follow high-intensity inter-

Microcycle day

Day M T W Th F Sa Su
Aerobic Anaerobic | Aerobic Ergogenesis| Aerobic Aerobic
o endurance endurance |endurance endurance |endurance
Training
demand Muscular Maximal Compensation| Power Muscular | Compensation
endurance | strength or |training endurance endurance |training
power
endurance
Theoretical

i \\/’\v-\/’\/‘\/\/\

Figure 8.29 Alternating training stress for a sport that requires endurance.

Microcycle day

Day M T w Th F Sa Su
Aerobic Anaerobic Compensation| Aerobic Anaerobic | Compensation
endurance |endurance |training endurance |endurance |training

- of medium of high

Training demand demand
demand Compensation Anaerobic
training threshold
training
Compensation
training
Theoretical

Lauﬁr%:eﬁ/\ /M ~_ N
\J V\JW\/

Figure 8.30 Alternating training stress for a sport that requires endurance for 4 to 6
min.
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val training are always followed by compensation training days designed to enhance
recovery.

MACROCYCLE

The term macro is derived from the Greek word makros, meaning “large.” A training
macrocycle is a phase that lasts 2 to 7 weeks. A macrocycle contains two to seven
microcycles. The microcycle is used to plan for the immediate future, whereas the
macrocycle projects the structure of a training program several weeks in advance.
Therefore, one could think of the macrocycle as the general structure of training and
the microcycle as the exact method used to accomplish the targeted goals.

Duration of a Macrocycle

Although the macrocycle plans used to prepare athletes for various sporting activities
may have some similarities, it is likely that each sport will have requirements that
must be addressed. These requirements will in most instances dictate the macrocycle
structure. The loading paradigm and the duration of the macrocycles may be dif-
ferent depending on the sport and the phase of training. Therefore, the macrocycle
must be carefully crafted to meet the individual athlete’s training objectives. Table
8.8 presents a macrocycle structure for the strength training plan of an American
university women’s soccer team.

When establishing the length of the macrocycle, the coach must consider the phase
of training. During the preparatory phase, the macrocycle is generally longer (4-7
weeks) than those in the competition phase to address the objectives of this portion
of the annual training plan. In this context the macrocycle should be long enough

Table 8.8 Macrocycle Structures for the Strength Training of an American University
Women’s Soccer Team

Month May | June | July August | September | October | November
Phase PREPARATORY PRECOMPETITIVE COMPETITIVE
Focus =
o £ o
[&] = [&]
g 3 5 2 5
< < =
5§ 5 . g 8 g 3 2
=] c c [ <
9 o} 9_-‘ = [S) ‘S o ‘S ©
B & @ 2 e = i S &
Number of | 4 4 5 2 3 2 4 3
microcycles
Emphasis
on training
objectives
Muscular High Moderate | Low — Low High Low —
endurance
Strength Moderate | High Moderate | Low Low Moderate Low Low
Power Low Moderate | High Moderate Low Low Moderate | Low
Speed - Low Moderate | High Moderate | Moderate Moderate | Moderate
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to develop biomotor abilities, technical skills, or tactical elements. Therefore, one
method for determining a macrocycle’s length is the time necessary to perfect an
ability or its components.

The macrocycle structure is also influenced by the competitive schedule. During
the competitive phase of training in individual sports, macrocycles are structured in
shorter blocks in accordance with the competitive schedule and contain two to four
1-week microcycles. Competitions should fall at the end of the macrocycle because this
will give the coach information about the athlete’s level of development and progress
toward training objectives. If the competition phase contains several competitions
during the month (possibly as many as eight), as typically seen in team sports, the
coach must decide which competitions are the most important. In this type of mac-
rocycle structure, less emphasis is placed on the minor competitions because they
are simply used for training and to provide feedback on the athlete’s preparation for
the major contest. Therefore, the length of the macrocycle should allow for the last
microcycle to lead into the major competition.

Another way to classify the macrocycle is based on the objective of training (24, 25).
Zatsiorsky (24) suggested that there are three basic classifications for the macrocycle
(i.e., mesocycles), called accumulation, transmutation, and realization macrocycles. The
goal of the accumulation macrocycle is to elevate the athlete’s potential by increas-
ing her state of conditioning and improving her level of technical proficiency. In the
transmutation macrocycle, the conditioning and technical base established in the
accumulation phase is used to work on the athlete’s preparedness for competitions.
After the athlete’s preparedness is elevated, the realization macrocycle is used to
improve the athlete’s competitive performance.

Structural Consideration for a Macrocycle

The development of the macrocycle structure is based on the objectives, the phase
of training, and the competition schedule. Therefore, the macrocycles of the annual
training plan should vary according to the training objectives for each phase of the
plan (i.e., preparatory, competitive, and transition phases).

Macrocycles for the Preparatory Phase

The main objective of the preparatory phase is to induce physiological, psychologi-
cal, and technical adaptations that will serve as the foundation for competitive per-
formances. A disturbing trend in some sports is the use of year-round competitive
schedules. This schedule will limit the athlete’s performance capacity because too
little time is dedicated to the preparatory phase of training. In an appropriately con-
structed annual training plan, the preparatory phase is a crucial part of the planand
is the foundation for competitive success.

Developmental and shock microcycles are well suited for the preparatory phase
of training. The training demand of developmental macrocycles usually follows the
step-loading method. Figure 8.31 depicts two step-loading examples, the 4:1 and the
3:1 loading patterns. In the 4:1 loading pattern, the training load is increased across
four microcycles and unloading or regeneration is planned for the last microcycle.
This loading pattern works well during the early part of the preparatory phase when
the athlete is attempting to develop a physiological base, correct technical habits, and
learn new technical or tactical skills. A 3:1 loading pattern is also well suited for the
preparatory phase and is probably the most common loading plan. This loading pat-
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tern fits well with the body’s natural biocycles (11, 16, 23, 24). The 3:1 loading pattern
contains three microcycles with increasing workloads followed by a regeneration or
unloading microcycle. If the level of fatigue is very high after the third microcycle,
the load used in the fourth microcycle can be decreased even further or a second
regeneration microcycle can be used to create a 3:2 loading pattern.

Shock macrocycles can be used in the preparatory phase to induce significant
improvements in performance once fatigue is dissipated. Figure 8.32 shows two

Loading
pattern

100%

90%

80%

70%

60%

| 50%

O,

" Microcycle 1 2 3 4 5 1 2 3 4
a 4:1 Macrocycle b 3:1 Macrocycle

Figure 8.31 Two examples of developmental macrocycles: (a) 4:1 model and (b) 3:1 model.

Loading
pattern
100%

Microcycle

Macrocycle 1 Macrocycle 2

Figure 8.32 Two shock macrocycle variations.
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examples of shock macrocycles in which high-demand microcycles are repeated
three times. Performance improvements in this type of macrocycle are delayed: The
higher the training stress during these macrocycles, the longer the time before the
athlete shows improvement in performance or a supercompensation affect (7, 16,
20). For example, Halson and colleagues (7) reported that after 2 weeks of very high
loading demands, 2 weeks of unloading are needed to return performance capacity
to preloading levels. It is likely that additional unloading or regeneration weeks are
needed for performance to supercompensate. Therefore, it may be appropriate to
plan a regeneration or transition macrocycle after shock macrocycles to facilitate the
supercompensation of performance. These types of macrocycles will help dissipate
fatigue to promote adaptive responses to the shock macrocycle.

Macrocycles for the Competitive Phase

The dynamics of the competitive macrocycles are dictated by the competition cal-
endar. Because of this relationship, there are numerous sport-specific macrocycle
structures.

A steady loading pattern should be used throughout the competitive season
with team sports in which there are one or two competitions per week. Within this
structure, microcycles will vary in intensity and volume, especially microcycles that
contain competitions. In these microcycles, the contests will be interspersed with
regeneration days and training days that fluctuate between various levels of demand
(low to high). To address the unique loading demands of team sports, coaches should
consider using various microcycle loading patterns.

With individual sports the macrocycle loading pattern can be 4:1,3:1,2:1, 1:1, 2:2, or
any other combination. One consideration regarding the structure of the macrocycle
is the number of peaks contained in the cycle. For example, if two peaks or important
competitions occur within the macrocycle, it may be warranted to plan for them to
occur at the beginning and end of the macrocycle (figure 8.33). In the macrocycle
presented in figure 8.33, the qualification competition occurs on July 9 and the main
competition on August 14. No other competitions are planned in the microcycles
between these two important dates. The results of the qualification contest are used
as markers of progress toward the major contest and serve as guidelines for modify-
ing before the major contest. If additional contests are planned between these two
contests, this approach is impossible because the focus will be on performing well
instead of training. Additionally, if the number of contests is increased during this
macrocycle the athlete would experience a significant increase in fatigue, which might
impede performance in the major contests at the end of the cycle.

In figure 8.33 there are two competitions, which are separated by several microcy-
cles. The first microcycle after the qualifying competition is a regeneration microcycle
designed to dissipate fatigue and allow the athlete to recover from the stress of the
first competition. The next three microcycles are used to fine-tune technical skills,
tactical strategies, and physical capacity. These microcycles are designed to build the
athlete’s confidence in his abilities and develop the motivational levels necessary to
produce a maximal performance at the major event on August 14. The 8 to 14 days
prior to the August 14 competition are used for peaking (see figure 7.3 on p. 190).
During this time the training load is decreased to elevate preparedness as a result of
decreased fatigue. If the peaking phase is structured correctly, performance will be
significantly elevated.
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July August
23 30 7

Dates

Calendar of events

Major
competition

Training:
- Maintenance

Type of - Model training

training or competition

Competition Competitioni ©
>

Regeneration
(removal of
fatigue)

(all training factors)

Unloading for
supercompensation
Competition

Very high

Medium

Loading
pattern
Very low
Recovery
Microcycle

Macrocycle

Figure 8.33 Macrocycle structure for two important competitions.

Macrocycles for Unloading and Tapering
for Competitions

The goal of unloading and tapering macrocycles is to remove fatigue to stimulate a
supercompensation of performance. Optimal taper or unloading durations appear
to be between 8 and 14 days and require a decrease in training load of about 40% to
60% (see chapter 7) (2). Four strategies for decreasing the load are available: linear,
slow decay, fast decay, or step taper (14). The type and duration of taper are largely
determined by the trainingload encountered in the weeks before the taper period. For
example, if the trainingload is high, the taper or unloading period may require a longer
duration and a greater reduction in training load. The basic tapering strategies appear
to be effective in many sports including weightlifting, track and field, and swimming.
Additional information on tapering strategies can be found in chapter 7.

Macrocycles for the Transition Phase

The transition phase is an important part of the annual training plan. A basic mac-
rocycle structure for a transition phase is presented in figure 8.34. More details about
the structure of the transition phase are provided in chapter 6.
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Training demand
90-100% Very high
80-90% High
70-80% Medium
50-70% Low
<50% Very low
0 Recovery
Microcycle 1 Microcycle 2 | Microcycle 3 | Microcycle 4

Figure 8.34 Loading pattern for a transition macrocycle.

SUMMARY OF MAJOR CONCEPTS

The microcycle is the most important and functional part of the annual training
plan. However, the macrocycle is only useful for dividing the annual training plan
into smaller segments. Ultimately, the macrocycle directs the focus of the microcycle
to fulfill the goals of the annual training plan.

A microcycle must provide variation in the training load (volume and intensity)
to facilitate recovery. The technique used to create this variation in training load is
based on the scientific principles related to the ability of the body to recover from
training stress. The application of these microcycle models is based on many physi-
ological factors that relate to the body’s ability to tolerate, recover from, and adapt
to training stress. If the training loads are varied appropriately, the athlete will be
able to recover from and tolerate the training demand, which ultimately improves
performance.

It is important to vary the loading patterns between the microcycles. This allows
the training load to be varied across the macrocycle so the athlete can deal with
accumulated fatigue and avoid overtraining. The coach must appropriately sequence
developmental, shock, and regeneration microcycles. The shock microcycle should
not be overused, because it creates large amounts of physiological and psychologi-
cal stress coupled with high levels of fatigue. Overuse of the shock microcycle may
increase the athlete’s risk for overtraining.

The microcycle and macrocycle are structured to direct training so that the ath-
lete will achieve a physiological and psychological peak at the appropriate time. The
training plan should be based on the concepts of bioenergetic specificity of training,
muscle physiology, hormonal physiology, and the body’s response to training stress. To
better guide the training program, the coach should consider quantifying the training
stress with the numerical intensity and volume system outlined in this chapter.



CHAPTER

WORKOUT PLANNING

orkout planning has existed since the ancient Olympic Games. Evidence

‘ g / for this can be found in several manuals on planning and training written

by Flavius Philostratus (AD 170-245) for Greek athletes. Although most of

his work has been destroyed, his surviving manuals, the Handbook for the Athletic Coach

and Gymmnasticus, teach the reader how to train for competition and the importance

of recovery. He suggests that the coach “should be a psychiatrist with considerable

knowledge in anatomy and heritage.” Even in ancient times, science was the founda-
tion for the development of the training plan.

The earliest evidence of an organized training session plan is mentioned in The
Aeneid, the great work of the Roman poet Virgil (Publius Virgilius Maro, 70-19 BC).
In this poem, Virgil refers to the trip of Aeneas, a Trojan, who after the destruction
of Troy, about 1000 BC, decided to migrate to Italy. During the trip Aeneas and his
crew had to stop in several Mediterranean islands where they were challenged by the
locals to rowing races. Virgil described how Aeneas organized a training session in
which the rowers did some exercises, which might be considered a warm-up, and then
proceeded to row for a while. After they had completed the rowing portion of their
training session, they lifted stones to improve their strength, and then they concluded
the training session with a bath and massage.

What is interesting about this passage is that the organization of the training
session that Virgil describes is very similar to the composition of a modern training
session. Even more interesting is that the Aeneas integrated strength training into
the training session, which in modern times is still a topic of debate. It is clear that
trainingis an evolutionary process that spans back to ancient times and is in continual
flux. This evolution continues as a result of the tireless work of sport scientists who
develop the scientific foundations of training and the training theorists and coaches
who use this knowledge to continually improve the training process.

IMPORTANCE OF PLANNING

Planning is probably the most important tool a coach has. By using a methodical
and scientifically based procedure, the coach can structure a training process that
will allow the athlete to optimize performance at the appropriate times. The coach’s
ability to effectively guide the training process is dictated by her knowledge about
the physiological responses of the body to training stimuli and her planning and
organizational skills.

235
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The organization and planning of training should be considered an art that is
based on science (12, 69, 72). The implementation of a well-organized and scientifi-
cally based training plan eliminates random and aimless training practices, which are
sometimes still practiced by ill-informed coaches. A well-devised training plan removes
poor training concepts or philosophies such as “intensity all the way” and “no pain,
no gain” and replaces them with practices that are logically devised, meticulously
planned, and based on science. The goal of the training plan is to stimulate specific
physiological responses according to a planned design so that certain performance
outcomes are stimulated at the appropriate time (72). Nothing that occurs during
training should happen by accident; responses should occur as a result of the design
of the training plan. The old adage that “if you fail to plan, you plan to fail” is true
of the training process.

Training consists of introducing a training stimulus, which causes a specific physi-
ological response, and inducing recovery, which allows the athlete to adapt to the
training stimulus (56, 72, 78, 79). One might also consider the training process as a
fatigue management system in which intense periods of training are interspersed with
periods of easier training or rest that are designed to allow the athlete to recover and
adapt. The coach must consider how much fatigue a certain training intervention
may stimulate, how the athlete will respond to that fatigue, and how that training
stimulus relates to the training plan. The coach must try to predict the athlete’s physi-
ological and psychological responses to the training stimuli and the fatigue induced
by that stimulus. Central to this prediction is an understanding of the physiological

AP Photo/Wade Payne

A coach must have a thorough knowledge of training theory and athlete development to successfully
help an athlete reach her potential.
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responses to training and how different actions can modulate recovery and stimu-
late adaptation (see chapter 5). This line of reasoning suggests that it may be best
to consider the planning of training as a process in which the training stimulus is
systematically and logically manipulated to optimize the physiological adaptations to
training. This process should be undertaken in accordance with the demands of the
sport being trained for with the express goal of maximizing performance outcomes.

The effectiveness of the training plan is largely dictated by the coach’s expertise and
experience. The coach must understand many factors related to training theory and
the development of athletes. A coach should understand the physiological responses
of the body to training and exercise, the recovery process and techniques necessary
to induce restoration, nutrition and its importance in training, motor learning and
its application to skill development, and the psychological aspects of motivation.
The greater the coach’s knowledge base, the better prepared he will be to manage
the training plan.

Because training is planned in accordance with the athlete’s potential and rate of
development, the training plan reflects the coach’s knowledge base (52). To optimize
an athlete’s training plan, the coach must examine the athlete’s test results, competi-
tive results, progress in all training factors, and competition schedule. The training
plan must evolve in accordance with the athlete’s rate of progress and the coach’s
continually expanding knowledge.

PLANNING REQUIREMENTS

To create an effective training plan, the coach must establish a long-term path of
development that optimizes the athlete’s potential. To help the athlete achieve long-
term training goals, the coach must monitor the athlete during training, at compe-
titions, and periodically with specialized tests that can be interpreted and used to
adjust the training stimuli.

Develop a Long-Term Plan

It can take 8 to 12 years of dedicated training to maximize an athlete’s competitive
performance (figure 9.1) (62). A long-term training plan is an essential component
of the training process because it guides the athlete’s development. A major goal of
long-term planning is to facilitate the progressive and continual development of the
athlete’s skills and performance (52, 56). To accomplish this goal the coach must
consider the athlete’s rate of improvement and the athlete’s potential to achieve
performance and training goals. The long-term training plan is at best a prognos-
tication (52), and the ultimate success of the plan depends on the coach’s ability to
forecast future developments and implement appropriate training objectives at the
correct times.

Central to the athlete’s success is the ability of the coach to design and implement
annual training plans that fit into the context of the long-term training structure. The
training plan must provide for continuity between the microcycles and macrocycles
of the annual and long-term portions of the training plan. The plan also has to be
flexible enough to account for factors like illness, professional business, weather,
social issues, and changes to the sport (52). To ensure that the athlete is responding
to the training plan and progressing appropriately, the coach must monitor training
and performance outcomes throughout the training year, and the plan must include
a comprehensive testing program. This type of training approach is appropriate for
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Figure 9.1 Paradigm of the long-term development of athletes.

Adapted, by permission, from A.S. Medvedev, 1986, Sistema mnogoletnyei trenirovki V tyazheloi atletikye
(Fizkultura | Sport, Publishers), p. 222.

all levels of athletes because it can be tailored to individual athletes and can increase
their ability to attain a high level of performance.

Integrate Periodic Testing and Monitoring Programs

An often overlooked but highly important part of the long-term plan is a compre-
hensive monitoring program in which periodic testing is conducted to track the
athlete’s development. The inclusion of a monitoring program eliminates the random
approach to training that is sometimes present in modern athlete development. An
inclusive monitoring program allows the coach to examine the effects of the training
program and quantify factors that the scientific literature has shown to be related
to performance.

The testing program should be completely integrated into the training plan and
contain tests that target the athlete’s development (55, 72) and focus on the athlete’s
objectives (i.e., performance outcomes). For example, a plan designed to monitor a
weightlifter should include markers of maximal strength, given that strength is a
major factor in weightlifting performance (70). The inclusion of tests that evaluate
the isometric rate of force development and peak power output generated during a
countermovement and static vertical jumps may be warranted, because recent research
suggests that performance in these tests is significantly correlated with weightlift-
ing performance (15, 29). The testing battery for any sport should include tests that
reveal the athlete’s progress toward his performance goals.

Monitoring should occur continuously and at periodic intervals throughout the
training year (72). For example, testing should be conducted at the beginning of each
new training phase, whereas daily monitoring of certain factors (e.g., resting heart
rate, mood status, sleep patterns) can yield information about the athlete’s tolerance
for the training stimulus. An often-overlooked tool that can shed substantial light
on the athlete’s progress is the training log. The training log is a very simple tool to
track daily responses to training stimuli; it yields a large amount of information
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that can give the coach great insight into the athlete’s response to the training plan
(72). The analysis of daily training logs coupled with data collected from specialized
tests and performance results will allow the coach to help the athlete maximize her
performance gains.

Establish and Emphasize the Main Training Factor

When establishing the training plan, the coach must carefully examine the results of
the monitoring program to determine the athlete’s weaknesses. Performance results
and test data will reveal which training factors have not improved or have deteriorated
as a result of the training plan. Training factors that fall behind the athlete’s mean
development rate are the weakest links in training and must be addressed via a redis-
tribution of training efforts. The coach and athlete must determine the underlying
reason for alack of development. For example, in gymnastics, technical improvement
depends on strength development. Thus, if a gymnast is not strong enough to perform
a technical skill, the coach should increase training activities designed to improve
muscular strength. Once the athlete’s areas of weakness are determined, the train-
ing program should be designed to target training factors that address the athlete’s
weaknesses. This change in program focus must be implemented in conjunction
with adjustments in volume and intensity of training dictated by the training plan.

TYPES OF TRAINING PLANS

The coach’s ability to organize and use appropriate planning tools will dictate the
success of the training plan. Many training tools are available, including the individual
training session, microcycle, macrocycle, annual training plan, and long-term training
plan. Long-term plans (8-16 years) are essential for the development of young athletes.

The terms used to describe the planning of training are not consistent throughout
the world (22, 38, 43-45, 52, 55, 56,63, 65, 66, 72, 73). For example, Russian scientists
(43-45) and many other authors (22, 68, 72) refer to the annual plan as the macro-
cycle and training phases that range from 4 to 8 weeks as mesocycles (22, 38, 78).
The current text uses the term annual training plan to describe a yearly training
program, based upon Philostratus’ work on yearly planning.

Annual plans are used as guides or training projections for the year to come and
are constructed in the context of the long-term training goals and plans established
by the coach. The annual plan is often broken into smaller phases, described by Rus-
sian scientists as mesocycles (22,43-45) or in this text as macrocycles. The macrocycle
structure is based on the annual plan and is designed in concert with the develop-
ment of the microcycle, which is the most important functional tool for planning.
The microcycle is a short training cycle that can range from 3 to 7 days depending
on the phase of training (38, 78, 79).

The establishment of an annual training plan is the second step in the planning
process. To effectively establish the annual training plan, the coach must first set
long-term training goals and establish a general plan to accomplish those goals. As
part of long-term planning, performance and training objectives are established for each
year of the plan. Once this is established, the individual annual training plans can be
created. At this point the annual training plan can be partitioned into macrocycles
and microcycles (see chapter 6 for more information). The microcycle structure is the
most important part of the plan (see chapter 8 to learn more) and is generally broken
into individual training sessions, which are the shortest-term segments of training.



240 Periodization

TRAINING SESSION

During an individual training session or lesson, the coach shares knowledge with
the athlete, who then attempts to develop one or more training factors. The training
session can be classified in several different fashions depending on the tasks and
structure of the session.

Training Sessions Classified by Task

The training session can be classified based on the tasks within the session. There
are four basic classifications of training sessions: learning, repetition, skill perfec-
tion, and assessment.

Learning Session

The athlete’s main task in alearning session is to acquire new skills or tactical maneu-
vers. The coach uses a basic structure to organize this type of session. For example, the
coach begins the session by explaining the objectives of the session and then directing
the athlete through a warm-up session. After the warm-up, the athlete focuses on
acquiring a specific skill set. After completing the main portion of the session, the
athlete cools down and the coach gives the athlete pertinent information about her
progress toward developing the skill.

Repetition Session

A repetition session is very similar to a learning session in that a specific skill set or
tactical maneuver is practiced. The major difference is that during the repetition
session, the athlete continues to learn the skill and attempts to improve the skill set.

Skill Perfection Session

The skill perfection session is an extension of the repetition session in that the athlete
attempts to improve the overall skill set. The major difference is that at this point the
skill has been learned and the athlete now attempts to perfect the skill to maximize
performance.

Assessment Sessions

Assessment sessions should be conducted periodically. These sessions can include
tests that evaluate the athlete’s physiological responses to training and performance,
or the sessions can include exhibition or practice competitions to gauge the athlete’s
preparedness. The results of these sessions can be used to fine-tune an athlete’s train-
ing or as a tool for selecting athletes for competitions.

Training Sessions Classified by Structure

The coach may organize training sessions in several forms to accommodate individual
and groups of athletes.

* Group Sessions. The group session is organized for several athletes although
not necessarily an entire team. For example, the coach may work with the offen-
sive linemen from an American-style football team or a group of athletes who
compete in an individual sport. Although group sessions are not optimal for the
individualization of training, they can be an effective tool for developing team
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spirit, especially before an important
competition, and psychological qualities.

* Individual Sessions. Individual ses-
sions allow the coach to focus attention
on one athlete to address physical or
psychological problems. This session
provides the coach the opportunity to
precisely evaluate the individual athlete
and adjust her skill development. These
sessions are most appropriate during the
preparatory phase of the annual plan.
Other types of sessions may be more
appropriate during the competitive phase.

* Mixed Sessions. A mixed session is
a combination of group and individual
sessions. In this type of session the whole
team may warm up together and then
divide into individualized training ses-
sions. After completing the individual-
ized portion of the training session, the
athletes come back together to either
practice as a team or cool down together.
During the cool-down, the coach dis-
cusses pertinent issues to reinforce cer-
tain aspects of the training session.

Sporting News/ZUMA Press/Icon SMI

Incorporating different types of training ses-
sions in a training plan can foster team unity
as well as individual growth.

* Free Sessions. Free sessions mini-
mize a coach’s control over the athlete’s
training and can promote trust and con-
fidence between the athlete and coach.
This type of session develops the athlete’s conscientious participation in training,
stimulates his independence, and may increase his level of maturity. Free sessions
can help the athlete develop problem-solving skills that can translate to the com-
petitive arena, where the coach may not always be available. Although this type of
session can greatly benefit the athlete, it should be used exclusively with advanced
and elite athletes because less developed athletes may not possess the physical and
psychological skills to handle such a session.

Sessions generally last approximately 2 hr, although they can last as long as 5 hr
depending on the sport and the phase of the annual training plan. Training sessions
for team sports are usually consistent in duration, whereas training sessions for indi-
vidual sports tend to vary in duration. Training sessions fall into three categories of
duration: (a) short sessions, which last between 30 and 90 min; (b) medium sessions,
which last 2 to 3 hr; and (c) long sessions, which last longer than 3 hr. The duration
of the training session depends on the tasks that are required during the session,
the activities being performed, and the athlete’s physical preparation. A sprinter may
perform a training session that lasts only 1 to 1.5 hr during the competitive phase,
whereas a marathon runner may undertakea 2 to 2.5 hr session. Training can also be
broken into smaller subunits throughout the training day (1-4, 33). When a training
session is broken into smaller subunits, the total time spent training may be slightly
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longer, about 2 to 2.5 hr. Integral to the length of the training session are the number
of repetitions being performed and the rest intervals between repetitions and sets.

Structure of Training Sessions

A training session consists of several parts that are sequenced in a way that allows
the coach and athlete to follow the principle of a progressive increase and decrease in
work across the training session. The training session consists of three or four main
structural components. A three-part training session contains a warm-up (prepara-
tion), the workout, and a cool-down (conclusion); a four-part training session consists
of an introduction, a warm-up, the workout, and a cool-down period.

The selection of which structure to use in a training session depends on the training
task and content, the phase of training, and the athlete’s training level. The four-part
structure is used during the preparatory phase of training for most athletes, especially
beginners or novice athletes. Advanced athletes generally use the three-part model,
especially during the competitive period of the annual training plan, because these
athletes require less explanation and motivation and prefer to dedicate more time
to the main body of the training session. The only substantial difference between
the two structures is the inclusion of a directed introduction in the four-part model.

Introduction

The introduction of a training session is initiated by gathering the athletes into a
group to facilitate communication. Several managerial tasks can be undertaken
during this time, such as taking attendance (especially in team sports), relaying any
information thatis pertinent to the athletes’ training or competitive schedules, and
explaining the objectives of the training session. When discussing training objectives,
the coach should explain the methods that will be used to accomplish these objectives.
At this time the coach must attempt to increase the athletes’ motivation and focus on
the day’s training tasks. After the general objectives are explained, the group should
be broken into smaller subgroups according to individual or position-based goals.

The length of the introduction depends on the extent of the explanation and the
level of the athlete. Beginner and novice athletes will require a § to 10 min introduc-
tion, but as the athletes become more developed the length of the introduction can
be reduced.

The coach must always be prepared and organized when explaining the training
objectives; some coaches find it useful to use audiovisual aids or handouts explaining
parts of the session. Handouts may cover specific goals or objectives that need to be
highlighted in the session and may be considered an expansion of the overall training
plan. Athletes should receive the training plan well in advance of the training session
so they can familiarize themselves with and prepare for the session. If this is done,
the coach will only need to emphasize the important parts of the training session.
The training plan should also be posted so that athletes can easily refer to it during
the training session. Allowing the athletes to become familiar with the organization
of the training session gives them a sense of shared responsibility and increases the
likelihood that they will give a focused effort during training. It is also likely that
this process will allow the athletes to develop dependability and willpower.

Warm-Up

It is widely accepted by athletes and coaches that a warm-up is essential for optimal
performance during either training or competition (8). The contemporary scientific
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literature supports this contention and suggests that the composition of the warm-
up can affect the degree of performance improvement (8, 9, 40, 60, 75-77). It is well
documented that an appropriate warm-up will improve muscle function and prepare
the athlete for the demands of exercise or competition (75).

Types of Warm-Up Warm-ups can be broadly classified as either passive or active
(8, 75). A passive warm-up uses external means (e.g., saunas, hot showers, hot baths,
heating pads, or diathermy) to elevate the muscle and core temperature without
depleting energy substrates (8). An active warm-up involves using some form of
physical activity to elevate muscle and core temperature (75). The active warm-up
can be further divided into either general or specific types (65). General warm-up
procedures include activities such as jogging, calisthenics, or cycling (8), whereas
specific warm-ups use activities specific to the sport (8, 75). For most athletes it is
impractical to use passive warm-up procedures; therefore, athletes who are preparing
for training or competition typically use active warm-ups.

Structure of a Warm-Up The composition of a warm-up depends on factors such
as the activity being prepared for, the athlete’s physical capacity, the environmental
conditions, and the restrictions of the sporting activity (9). During the general
warm-up, the athlete should participate in activities that will elevate muscle and core
temperature, such as light jogging, calisthenics, or cycling (75). For most athletes the
general warm-up should be performed at low intensity (40-60% VO,max) and for S to
10 min (9). A low intensity is recommended because this level of activity will increase
temperature while limiting the reduction in phosphate degradation (9). Additionally,
temperature begins to elevate within 3 to 5 min of the initiation of the warm-up
and plateaus at about 10 to 20 min (61). The coach may need to tailor the warm-up
to the individual athlete, because poorly conditioned athletes can achieve the same
degree of temperature elevation with less warm-up time. Conversely, highly trained
athletes may need to increase the duration and intensity of the warm-up to achieve
the appropriate elevation of temperature (75). A good guide to determine whether
the athlete is adequately warmed up is the presence of perspiration (9, 75).

After completing the general warm-up, the athlete should shift to a specific warm-
up. A specific warm-up is designed to prepare the athlete for a certain activity. The
warm-up features progressively increasing intensities and may involve postactivation
potentiation activities in some instances. For example, the inclusion of short, intense
sprint activities has been shown to improve running (28) and kayak performance (10),
provided sufficient recovery time is available between the cessation of the warm-up
and the competition or training bout. It appears that at least 5 min of recovery is
necessary when transitioning from the warm-up to training or competitions (9).

The specific warm-up is important when preparing for competition, because it
includes specific skill sets. For example, a gymnast may include certain technical
elements in the warm-up in order to prepare physically and mentally for the com-
petition. It has been recommended that an athlete spend 10 to 15 min undergoing
specific activities during the warm-up period (35). However, as the complexity of the
sport increases, the athlete may need to spend more time on the specific warm-up.
An example of a warm-up that contains all of these elements is presented in Table 9.1.

The total warm-up should take between 20 and 45 min and include a general
warm-up designed to increase body temperature and a specific warm-up designed
to prepare the athlete for his chosen sporting activity. The duration of the warm-up
can be increased or decreased depending on the needs of the particular athlete. An
athlete who participates in long-duration activities such as endurance running may
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Table 9.1 Warm-Up Protocol for a Thrower

Type of warm-up Activities contained in warm-up Duration (min)
General Walking = lunging = jogging = skipping = 10

shuffling = carioca = backward running
Specific Dynamic stretches 5-10

Throwing drills, low-intensity practice drills 5-10

Intermittent high-intensity activities (e.g., sprints 5-10
or vertical jumps)

Transition to Passive recovery 5
competition or training

Total warm-up time 30-45

require up to 45 min to effectively warm up. Conversely, an athlete who is in poor
shape will probably have to decrease the duration of the warm-up. An interesting
application of the warm-up is to use longer warm-ups as conditioning tools during
the preparatory phase of training.

Physiological Effects A wide variety of physiological factors are altered by an active
warm-up (see below) (8, 75). The primary improvement associated with a warm-
up is the elevation of muscle and core temperature (8, 9, 75). These elevations in
temperature likely increase nerve conduction rate and speed metabolic reactions,
which can increase the speed and force of muscle contractions (8, 9, 75). Additionally,
as temperature elevates the amount of oxygen that is delivered to the muscle increases
(6) as a result of increased vasodilation and blood flow (75). The release of oxygen
from both hemoglobin and myoglobin increases as well, thus increasing oxygen
delivery to the working muscle (7, 8).

o v o Although most of the effects of a
4 N warm-up are related to increases in tem-
POSSIBLE EFFECTS perature, other factors have been sug-
OF AN ACTIVE WARM-UP gested to be major contributors to per-
formance improvement. Of particular
Increased resistance of muscle and joints interest is a postactivation potentiating
Increased release of oxygen from hemoglo- effect created by the warm-up protocol
bin and myoglobin (47,71,76). Postactivation potentiation
Increased rate of metabolic reactions has been defined as an increased con-
Increased nerve Conduction rate traCtlle ablllty Ofa muscle a.fter a con-
Increased thermoregulatory strain tracm;)i (147).1P02er1t1a;110n Effeclts are
_— most likely related to phosphorylation

Increased vasodilation and blood flow to Y PROSpIOTY
of myosin regulatory chains (26, 27, 34)

the muscle g . o
) i ) or an elevation of calcium (Ca*) in the

Decreased internal viscosity .
cytosol (5). The effects of postactivation
Incre'ased speed and force of muscle con- potentiation appear to be most preva-
tractions lent in strength and power performance
Increased baseline oxygen consumption (47,57, 71, 76), and some investigators
Increased preparedness for competition or have found that these effects are limited
N A p to highly trained athletes (17).
[ ] [ ]

Adapted from Bishop 2003 (9) and Woods, Bishop, and Jones Psychological Effects Another warm-

2007 (75). up-induced response involves the
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athlete’s psychological state (8). Investigators reported a lack of performance
improvements when athletes were hypnotized to forget they had gone through a
warm-up (42). Other investigators have shown that athletes who used mental imagery
as awarm-up tool demonstrated enhanced physiological performance characteristics
(41). It appears that the warm-up prepares the athlete not only physiologically but
also psychologically.

Injury It has been well documented that an appropriate warm-up will reduce rates
of injury (75).Itis likely that the increased temperature that occurs during a warm-up
reduces the potential for injury. Support for this contention can be seen in animal
studies demonstrating that a 1 °C increase in temperature reduces the occurrence
of skeletal muscle injury.

Stretching Contemporary scientific literature has demonstrated that only dynamic
stretching should be performed during the warm-up period and that static stretching
should always be avoided (64, 74). Performance decrements associated with static
stretching are most noted in strength and power sports, but static stretching decreases
performance in all activities (64). The warm-up should include dynamic stretching
activities that involve sport-specific movements, whereas static stretching and
attempts to increase flexibility should be reserved for the cool-down.

Main Body of the Session

Specific training objectives are addressed in the main body of the training session.
This is when the athlete learns new skills and tactical maneuvers, develops specific
biomotor abilities, and enhances psychological qualities.

The content of this part of the training session depends on many factors including
the athlete’s training status, gender, and age; the sporting activity; and the phase of
training. The main body of the training session may stress technique while simul-
taneously focusing on biomotor abilities and psychological traits. For less advanced
athletes, the following succession is a general recommendation:

1. Learn and perfect a technical or tactical element.
2. Develop speed and agility.
3. Develop strength.

4. Develop endurance.

The athlete should be well rested when learning new skills, and technical and tacti-
cal elements should be addressed early in the main body of the training session. This
is particularly important because fatigue will impede the athlete’s ability to master
motor skills (53). When the athlete is attempting to sequence learning or perfect
technical and tactical elements, she should consolidate elements or skills acquired
in previous lessons. She should work on perfecting the most important technical ele-
ments or skills and then conclude by applying those skills in simulated competitions.

If perfecting a technique requires heavy, fatiguing work, the athlete should per-
form these activities later in the main body of the training session. It is advisable to
precede these activities with speed exercises. This approach may be appropriate for
weightlifters or track-and-field athletes.

Activities that are designed to improve speed and agility are usually of a high
intensity and are undertaken for relatively short durations. These types of exercise
are extremely taxing, and the athlete should perform them when well rested. These
activities usually precede both strength and endurance training. However, the focus



246 Periodization

of the training session will change the relative order of activities. For example, if
speed development is the primary focus of the session, then speed-based exercises
should immediately follow the warm-up. If coordination or agility is the major focus,
it should be addressed early in the training session because fatigue can significantly
affect motor skills (53).

Strength-developing exercises usually are placed after technique development and
speed exercises. Although this is appropriate for most athletes, it may not be advisable
in some cases. For example, several studies suggest that preceding sprint activities with
a heavy-load strength exercise (70-90% of 1RM) results in a postactivation potentia-
tion response that manifests itself as an increase in running velocity (47, 76). This
technique appears to be very effective at increasing sprint performance if the volume
and intensity of the strength activity are not excessive. This method of sequencing
strength training only appears to be effective with highly trained athletes (17).

Exercises for developing general or specific endurance should be placed in the
last portion of the main body of the training session. These activities generate large
amounts of fatigue, which will impede the athlete’s ability to acquire or perfect move-
ment or tactical skills, develop speed and agility,and maximize strength development.
This sequencing should not be confused with the strategy of practicing certain drills
under fatigue to prepare the athlete for a specific game scenario.

Iflearning is the dominant objective for beginning athletes, the training sequence
should be technique, speed, strength, and endurance. However, a single training ses-
sion should rarely include all four of these elements. This same general sequence for
training can be used with elite athletes; however, advanced athletes may benefit from
altering the order of training depending on the objectives of the individual training
session and the objectives of the microcycle.

The structure of the main body of training will be dictated by the objectives
established for the individual training session. Each training session should focus
on only two or three objectives, because it is very difficult to effectively target more
than three training objectives. Trying to target too many objectives will likely impair
the athlete’s rate of improvement and may result in the occurrence of overtraining.
The individual training session objectives should be linked to the microcycle and
macrocycle objectives, the athlete’s performance level, and the athlete’s potential.
Although it may be advisable to plan objectives derived from different training factors
(e.g., technical, tactical, physical, or psychological), these factors should be chosen
based on the needs of the sport and the abilities of the athlete.

The coach can plan 15 to 20 min of supplementary physical development, or what
is sometimes referred to as a conditioning program, to take place after the athlete has
achieved the objectives of a given training session. This addition should be considered
for less demanding training sessions that do not challenge the athlete. This supple-
mentary development should be specific to the dominant biomotor abilities of the
sport and should address factors that are limiting the athlete’s rate of improvement.

Cool-Down

After the conclusion of the main portion of the training session, the athlete should
undergo a cool-down period. The cool-down begins the recovery process and facilitates
the body’s return to homeostasis. As noted in chapter S, the postexercise recovery
period is a time when the body must remove waste products, replenish energy stores,
and initiate tissue repair (37, 65). The body usually does not return to a resting state
immediately after a training bout or competition. Depending on the intensity and
volume of the session, recovery can require up to 38 hr (39, 48). To initiate and speed
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Include a cool-down in your training plans. The cool-down period is an important part of a training
workout.

the posttraining or competition recovery, the athlete needs to undergo a structured
cool-down session that is designed to stimulate recovery. This portion of the training
session is often overlooked, but when implemented correctly it is a very valuable tool
for maximizing the recovery from and adaptation to a session.

The cool-down should last around 20 to 40 min and consist of two major parts.
The first part entails active recovery exercise and lasts around 10 to 20 min (see
chapter 5 for more detail). This active recovery exercise should be of a low intensity
(<50% of the athlete’s maximal heart rate). Although limited data are available in the
scientific literature, it appears that active recovery is much more effective in induc-
ing postexercise recovery than is passive recovery (11, 50, 51). The activities included
in the active recovery will depend on the athlete’s sport. A cyclist may use a 20 min
continuous bout of very low-intensity cycling as the active exercise portion of the
cool-down, whereas a soccer player might use very light jogging. A shot putter may
use an interval series that contains low-intensity and short-duration jogging after a
training session. Regardless of the sport, this portion of the cool-down should be of
low intensity and should not overly tax the athlete.

The second part of the cool-down should contain 10 to 20 min of stretching.
Although static stretching is not recommended during the warm-up, the cool-down
is an excellent time for this activity (35). There are several reasons to include stretch-
ing in the postexercise period. First, stretching during the cool-down period can
significantly improve flexibility without compromising performance. It appears that
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the stretching portion of a cool-down can improve range of motion (flexibility) as a
result of increased muscle temperature (35). Second, the inclusion of a postexercise
stretching protocol has been demonstrated to reduce the onset of muscle soreness
that can be stimulated by a training session (16). Third, it has been reported that
the combination of active recovery followed by a period of stretching significantly
increases the rate of recovery from training and competitive stress (58).

While the athletes are stretching during the cool-down, the coach can ask them
whether they achieved the training session’s objectives and how they feel about the
session; the coach also can use this time to further the athletes’ understanding of
training.

Duration of Each Part of the Lesson

The length of a training session depends on many factors, but sessions usually last
about 2 hr (120 min) (table 9.2). The duration of each component of the session will
depend on the athlete’s age, gender, stage of development, and athletic experience; the
type of session; the characteristics of the sport; and the phase of training in which the
session occurs. For example, a novice athlete may not have the fitness to tolerate a 2
hr training session, and so the session will be modified to accommodate the athlete’s
training status. The coach can use either the three- or four-component structure dis-
cussed previously to modulate the time commitment to each element of the training
session. Examples of the three- and four-component models are provided in table 9.2.

Fatigue and Methodological Guidelines for Lessons

From a holistic perspective fatigue is a multifactorial response to some sort of
exercise, training, or competitive stress (36). Conceptually fatigue is defined as an
acute impairment in exercise performance, which ultimately can impair the ability
to produce maximal force or control motor function (36, 67). Fatigue can occur in
response to an exercise bout or competition when one or more of the following situa-
tions arise: a reduction in energy substrate availability,an accumulation of metabolic
by-products, neuromuscular transmission failure, impairments in Ca* handling by
the sarcoplasmic reticulum, central disruption, and a response to conscious percep-
tion (24, 54, 67). Although there are numerous potential causes of fatigue, the two
broad categories of peripheral and central fatigue are often discussed (19).

Table 9.2 Durations (Given in Minutes) for Each Part of a 2 Hr
Training Session

Three-part training
Training session parts Four-part training session | session
Introduction 5
Preparation 30 30
Main body 65 70
Conclusion 20 20
Total time 120 120
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Peripheral fatigue has received the most attention in the scientific literature and
generally is related to factors in the muscles themselves (18, 19, 24). These factors can
include impairments in neuromuscular transmission, impulse propagation, sarcoplas-
mic reticulum failure, substrate depletion, and various other metabolic factors that
can disrupt energy production and muscular contraction (19). Research exploring
peripheral fatigue has centered on the availability of fuel substrates during a bout of
exercise or competition (18). When exercise bouts are intense (31, 59) or undertaken
for long durations (18), the availability of fuel substrates such as carbohydrates can
become compromised. This can substantially reduce the athlete’s ability to maintain
high levels of performance (32).

The second type of fatigue that is discussed in the literature, central fatigue, is
related to the brain (19). Central fatigue is often associated with a failure of the central
nervous system to recruit skeletal muscle (54). It appears that fatigue-induced altera-
tions in neurotransmitters such as dopamine, serotonin, and possibly acetylcholine
have the potential to alter the ability of neural impulses to reach the muscle (20, 21,
54). For example, it has been suggested that exercise-induced increases in serotonin
(5-HT) can lead to central fatigue and possibly mental fatigue, which could impair
performance (19). Along these lines, it appears that the conscious perception of body
functions such as breathing, increased cardiac output (pounding of the heart), body
temperature, and sweating can affect fatigue (67). These cognitive sensations also
are believed to affect motivation, which appears to be linked to previous exposure
to similar situations (67).

Itis clear that both central and peripheral fatigue can accumulate in response to a
training or competitive bout. Gandelsman and Smirnov (25) suggested that there are
two major phases of fatigue: latent and evident. In the early portions of a competition
or training bout, physiological changes occur in order to meet the demands of the
exercise bout. During this phase, latent fatigue can result in response to the increased
neuromuscular activity and metabolic stress stimulated by the bout of exercise. If the
exercise bout is prolonged at the same intensity, fatigue will accumulate, resulting
in the occurrence of evident fatigue. Consequently, the athlete’s ability to maintain
maximal work capacity will progressively decrease.

Many strategies can be used to deal with fatigue, ranging from modifying the
structure of the training session (30) to including dietary supplements to offset
reductions in energy substrates (32). For example, increasing the length of the rest
interval can decrease the occurrence of latent fatigue, which may facilitate the devel-
opment of specific biomotor abilities such as power (30). Under some circumstances,
training under conditions of latent fatigue can help prepare the athlete for the end
of competitions, when fatigue is high. Such training also may enable the athlete to
develop the psychological tools to deal with training-induced accumulation latent
fatigue, which may improve her performance in the later stages of a competition (67).
Strategies to deal with evident fatigue can include a structured cool-down period, as
outlined previously in this chapter. Additionally, recovery techniques such as massage
and contrast baths may alleviate this form of fatigue as well (see chapter 5).

The coach must consider fatigue when structuring a training session. For example,
if the training session’s major objective is to develop technical or tactical skills, tech-
nique can be addressed early in the session, when the athlete is least fatigued. In this
type of session it may be warranted to include longer rest intervals during a session
to alleviate latent fatigue.

The intensity of the training session will affect the amount of fatigue that is devel-
oped, and the session should be structured to address this. A session that contains
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high-intensity activities should have only a few objectives and be of short duration.
Conversely, a session containing lower-intensity bouts of exercise could have multiple
training objectives and last longer. For example, the session may focus on perfecting
a technical element, incorporating those elements into the team’s tactical scheme,
and doing tactical drills with a high endurance component. Even with this format,
athletes can experience latent fatigue as a result of the metabolic disturbances stimu-
lated by the volume of work.

The athlete’s ability to dissipate fatigue and recover from a training session or
microcycle of intense training depends on many factors. The athlete’s physical pre-
paredness and training age may dictate his ability to tolerate training. For example,
an athlete who lacks the appropriate physical development will experience greater
levels of fatigue, which may result in an inability to tolerate training stress. Therefore,
the coach must modify the training lesson to accommodate this athlete’s deficien-
cies. This process may require more variations in the training plan with greater
fluctuations in training intensity and volume in an attempt to dissipate fatigue and
stimulate restoration. In the end, the recovery rate is proportional to the degree of
physiological disturbance stimulated by the training session. The greater the training
intensity and volume, the greater the accumulated fatigue and the more time needed
before preparedness is elevated.

Supplementary Training Sessions

Most athletes want to maximize the time that they spend training while minimiz-
ing the occurrence of overtraining. One way to maximize training time and increase
training volume is to use supplementary training sessions, which can consist of
individual training sessions or special group sessions, such as training camps. These
training sessions can be performed during the early morning, before school or work.
Sometimes they are performed before breakfast, but it is probably advisable that the
athlete consume a small amount of food before training, especially when the session
lasts longer than 30 min (14). The time spent in these sessions depends on the athlete’s
schedule. Even though each session may be short in duration (30-60 min), over the
course of the training year these small increases in training volume can result in a
substantial increase in yearly training volume. For example, an athlete who trains an
extra 30 to 60 min each day will accumulate 150 to 300 additional training hours
per year, which could significantly improve her potential.

Although these sessions are considered supplemental, they must fit into the struc-
ture of the training plan designed by the coach. The coach will prescribe the content
and dosage of these sessions in accordance with the athlete’s objectives, weaknesses,
and phase of training. These 20 to 40 min sessions can be structured to improve the
athlete’s general endurance, general or specific flexibility, and even general or specific
strength. One use for supplemental training sessions might be to improve an area of

weakness to enhance certain abilities.

Table 9.3 Three-Part Supplemental For example, an athlete who lacks flex-
Training Session ibility can undertake a supplemental
Training session part Duration (min) traipipg session thaF diFectIy rargets
flexibility. Any resulting improvement
Warm-up 5-10 in flexibility could transfer to improve
Main body 20-40 a technical aspect that the athlete is

ol alonT 5-10 attempting to perfect.
o A supplemental training session

Total session time 30-60

lends itself best to a three-part struc-
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ture (table 9.3). Because these training sessions may be undertaken independently of
the coach, an introduction phase is not included. Therefore, these sessions contain
the major components of a three-part training session: warm-up, main body, and
cool-down. The goal and format of each session are no different than those of a
regular training session. The main body of these sessions should have no more than
two objectives; one objective is optimal.

Sample Training Plan

The training plan is a tool with which the coach can structure and guide the training
session. The written version of the training plan should contain all pertinent infor-
mation and be easy to follow. It is advisable to give the athlete a copy of the training
plan well in advance of the training session. This allows the athlete to prepare for
the training session mentally and physically. The coach should briefly introduce the
plan during the introduction portion of the session and, if space is available, post the
day’s training plan so that the athletes can refer to it during the session.

There are many formats by which the training plan can be presented, but it
should contain some basic elements. One of the most important items to include
on a training plan for an individual session is the objective of that session. The ses-
sion’s objective guides the training session, allowing the athlete to understand what
happens during the training session. The plan should include the date and location
of the training session as well as the equipment needed. The training plan should
specify the exercise, drills, and activities that the athlete must complete during each
portion of the session. The plan should provide a detailed explanation of the dosage
(repetitions, sets, duration) and intensity (percentage maximum strength, heart rate
range, time, power) of the training session. Another item to include, especially when
working with team sports, is a section detailing the most difficult drills an athlete
can perform during the lesson. Finally, the training plan should note items that the
athlete needs to focus on while performing the drills and exercises. These notes can
be very specific to the individual athlete or address global needs of a group of athletes.
A sample training session plan is presented in figure 9.2.

The length of a session plan will depend on the sport and the coach’s experience.
Inexperienced coaches need to be as specific as possible and include as much infor-
mation as possible in the training plan. This provides them a blueprint to work from
during the training session and decreases the chance they will forget an important
aspect of the training session. More experienced coaches may be able to get away with a
more generalized training plan, but it may still be warranted to present a detailed plan
to the athletes so they can prepare mentally and physically for the training session.

DAILY CYCLE OF TRAINING

An important aspect of implementing a training plan is to organize the athlete’s
daily schedule to make optimum use of her time. It is important to strike a balance
between training, personal free time, work schedules, and relaxation. This is best
accomplished by organizing the training day into time allotments. The best orga-
nizational strategy appears to be multiple training lessons that occur on the same
training day (33). Research by Hikkinen and Kallinen (33) suggests that splitting
the day’s training volume into two shorter sessions results in a greater improvement
in performance compared with performing one long training session. This finding
supports the practical observations of European coaches who have noted that long
training sessions decrease the quality of training as a result of stimulating large
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Training Lesson Plan 148

Date: June 14

Place: York Stadium
Equipment: Starting blocks

Coach:

Objectives: Perfect start
Specific endurance
Power training

Barbells
Part Exercises Dosage Formations Notes
Introduction 1. Describe the lesson’s 3 min
objectives.
2. Stress what the John: Pay attention to arm
athletes should focus work.
on during training.
Warm-up 1. Warm-up duration 20 min Rita: Put on two warm-up
suits.
2. Jogging 1,200 m
3. Calisthenics 8%
Arm rotations 8%
Upper-body rotations 12X
4. Hip flexibility 8-10x Stress hip flexibility.
5. Ankle flexibility 8-10x
6. Bounding exercises 4x20m Stress weak leg.
7. Wind sprints 4 X 40-60 m
Main body 1. Starts 12 X 30 m Stress arm work.
Rest 1 -2 min
2. Specific endurance 8x120m Maintain a constant velocity
3/4 (14 5) throughout all repetitions.
3. Power training 60 kg Between exercises, relax
810 reps 4sets arms and legs.
Cool down 1. Jogging 800 m Stay light and relaxed.
2. Stretching 10-15 min Focus on hip flexors.
3. Massage 5-10 min Work with partner.
Session notes | Remember that 8 = 8 times; 8-10% = 8-10 times

Figure 9.2 Training session plan for a sprinter.

amounts of fatigue. This increase in fatigue appears to decrease the athlete’s ability
to develop biomotor abilities and perfect technical and tactical skills. Therefore,
when possible the daily training volume should be broken into smaller subunits to
maximally develop the athlete’s capabilities.

The actual structure of the training day depends on many factors, including the
time available for training, the developmental status of the athlete, and the avail-
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STRUCTURE FOR MULTIPLE TRAINING SESSIONS
PER DAY TRAINING

Time
5:30-6:00 a.m.

6:00-7:30 a.m.
7:30-8:00 a.m.
8:00-8:30 a.m.
8:30-9:00 a.m.
9:00-10:30 a.m.
10:30-10:45 a.m.

10:45 a.m. to
12:30 p.m.

12:30-1:00 p.m.
1:00-5:00 p.m.
5:00-5:30 p.m.
5:30-6:00 p.m.

6:00-7:30 p.m.
7:30-8:00 p.m.
8:00-8:30 p.m.
8:30-10:00 p.m.
10:00 p.m. to
5:30 a.m.

Time

6:30 a.m.
7:00-8:00 a.m.
8:30-9:00 a.m.
9:00-10:00 a.m.

Two Training Sessions Per Day

Activity

Wake up, eat snack,
prepare for training
First training session
Eat breakfast
Prepare for work
Travel to work

Work

Eat snack

Work

Eat lunch
Work
Travel to training

Eat pretraining snack and
prepare for training

Second training session
Travel home

Eat dinner

Have free time

Sleep

Three Training Sessions Per Day

Activity

Wake up

First training session
Eat breakfast

Rest

10:00 a.m. to
12:00 noon

12:00-1:00 p.m.
1:00-2:00 p.m.
2:00-4:00 p.m.
4:00-6:00 p.m.
6:00-7:00 p.m.
7:00-7:30 p.m.
7:30-10:00 p.m.

10:00 p.m. to
6:30 a.m.

Second training session

Rest and recovery session
Eat lunch

Rest

Third training session
Rest and recovery session
Eat dinner

Have free time

Sleep

Four Training Sessions Per Day

Time

6:30 a.m.
7:00-8:00 a.m.
8:30-9:00 a.m.
9:00-10:00 a.m.

10:00 a.m. to
12:00 noon

12:00-1:00 p.m.
1:00-2:00 p.m.
2:00-4:00 p.m.
4:00-5:30 p.m.
5:30-6:30 p.m.
6:30-7:30 p.m.
7:30-8:00 p.m.
8:00-8:30 p.m.
8:30-10:00 p.m.

10:00 p.m. to
6:30 a.m.

Activity

Wake up

First training session
Eat breakfast

Rest

Second training session

Rest and recovery session
Eat lunch

Rest

Third training session
Rest and recovery session
Fourth training session
Recovery techniques

Eat dinner

Have free time

Sleep

ability of training facilities. If the athlete is attending a training camp, the density
of training sessions may be substantially greater. It appears that the training day can
be broken into two training sessions, one in the morning and one in the evening. An
example of how training might be structured for an athlete who is working full time
and also training two times per day is shown above. When athletes attend training
camps they will most likely undergo a greater density of training, such as three to
four sessions per day or more, as shown above.
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MODELING THE TRAINING SESSION PLAN

A training model is a simulation of a competition, the goal of which is to increase
certain training adaptations and translate those adaptations to competitive perfor-
mance. The modeling process can be thought of a method for creating a training
session that mimics the physiological, technical, tactical, and psychological elements
encountered during a competition. Any training session can be designed to coincide
with the objectives of a given phase of training while modeling competitive perfor-
mance (13).

The coach must avoid the temptation to structure the training session the same
way all of the time. Variation of the training stimulus is very important in inducing
physiological and performance gains (72). The model approach is one method for
inserting a new or novel training stimulus into the training plan. This method can
be used to increase the athlete’s motivation, induce a new physiological challenge,
and present the athlete with novel tasks that prepare her for competition. There are
many ways to use the model approach, and coaches should modify the following
examples to best suit their training objectives.

Model Training Session for Skill Acquisition

A model can be developed to enhance skill acquisition and refinement. New skills
are best learned when fatigue is minimized. Additionally, cumulative fatigue makes
it more difficult to retain skills that have already been acquired. Thus drills that are
used to teach and develop skills should take place immediately after the warm-up.
Table 9.4 presents an example of this type of model. This model can be used to develop
speed, agility, and power.

Model Training for Skill Refinement Under
Conditions of Fatigue

This type of model may be used to mimic the conditions that are encountered at the
end of a game, match, or race, where the athlete may be required to perform certain
skills under fatigue. Although mastery of skills is best addressed when the athlete
is fresh, athletes must practice skills under the influence of fatigue. The objective
in using this type of model is to create a situation of fatigue similar to that seen in
the later part of a competition. To accomplish this objective, the coach should create
technical and tactical drills that stress the glycolytic and oxidative energy systems in

Table 9.4 Model Training Session for Skill Acquisition

Training component Time (min) | Goals

Warm-up 10-20 Get the athlete ready to train.

Tactical and technical drills 45-60 Improve and refine a specific skill set.

Physical training 30-45 Develop a specific biomotor ability in
accordance with the daily plan.

Cool-down 10-20 Initiate the recovery.

Note: This basic model structure can be modified for agility, speed, and power training.
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away similar to that seen in competition (see chapter 1). This situation challenges the
athlete’s ability to cope with and overcome fatigue, both physically and psychologically
(i.e., via determination, motivation, and willpower). An example of how this model
may be incorporated into a training session is presented in table 9.5.

This model can also be adapted to challenge the abilities of the athlete to perform
fast, agile, and powerful athletic movements under the condition of fatigue. This
type of model may also be useful when preparing martial artists, racket sport play-
ers, athletes in contact sports, or any athlete to perform technical and tactical skills
effectively during the last part of a sporting contest. The goal of this model is to
improve performance at the end of the game, match, or competition when fatigue is
atits highest. This model exposes the athlete to these conditions, allowing the athlete
to physiologically and psychologically adapt to this scenario.

Model Training for Controlling Precontest Arousal

To achieve maximum effectiveness during an afternoon or evening competition, the
athlete must be in a state of arousal and psychological alertness. A short morning
(e.g., 10:00 a.m.) session may facilitate optimal arousal for the afternoon contest,
reduce anxiety, and help the athlete overcome feelings of excitability, nervousness,
and restlessness. This type of session should be used to promote calmness and con-
trolled confidence. The session should be relatively short and contain a brief series of
short, explosive movements (table 9.6). These short and non-fatigue-inducing actions

Table 9.5 Model Training Session for Skill Refinement Under the Condition
of Fatigue

Training component Time (min) | Goals
Warm-up 10-20 Get the athlete ready to train.
Fatigue-inducing tactical | 45-60 Stress the athlete’s glycolytic and oxidative system. Induce
and technical drills a situation of fatigue under which the athlete must perform
specific skills.
Technical and tactical 20-30 Improve the accuracy of passing and shooting.
drills Develop precision and accuracy of shooting.
Work on quickness and power under conditions of fatigue.
Cool-down 10-20 Initiate the recovery.

Note: This model can be adapted to challenge the athlete’s ability to perform fast, agile and precise movements
under the condition of fatigue.

Table 9.6 Model Training Session for Controlling Precontest Arousal

Training component Time (min) | Goals

Warm-up 10-20 Short and light warm-up to get the athlete ready
Technical, tactical, or speed 10-15 Short technical, tactical, or speed drill separated by
drills long rest intervals designed to prepare athlete for an

afternoon competition

Cool-down 10-20 Initiate the recovery
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can improve later performance by increasing the contractility of the major skeletal
muscles used in the sporting movements (23). These activities must be of short dura-
tion and must not induce fatigue, because fatigue will decrease performance capac-
ity. An additional strategy is to use long rest intervals between each activity bout to
ensure recovery (46).

SUMMARY OF MAJOR CONCEPTS

This chapter emphasizes the benefits of organization and planning. Training effective-
ness depends on the coach’s and athlete’s ability to organize and plan training froma
single workout to a long-term plan. A workout plan is not difficult to construct, and
it is a powerful tool that can maximize performance outcomes. The objectives and
goals of the individual training sessions must be clearly outlined for the athlete. The
athlete must receive feedback about his progress toward attaining these objectives.

The workout plan includes several key components. The warm-up is an often
overlooked but essential component. This important segment prepares the athlete
for the training session and should never be compromised or removed from the train-
ing plan. The warm-up should contain general dynamic activities and progress to
dynamic muscle actions that are specific to the sporting activity. The athlete should
avoid static stretching during this portion of the training session because the scien-
tific literature suggests that static stretching at this time can impair performance.

The cool-down is another often-overlooked component that can influence the
effectiveness of the training session. This portion of the session allows the body to
return to homeostasis and initiate recovery. This is the ideal time to include static
stretching and improve flexibility. If implemented correctly, the cool-down can be a
very effective part of the training session.
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Training Methods

A vast array of training methods can be employed in the development of a training
plan. Probably the most important training method for almost all sports centers on
the development of strength and power, which is discussed in Chapter 10. In many
sports, the development of sport-specific endurance characteristics is essential for
competitive success. Chapter 11 explores the various types of endurance that are
required in sport and presents methods for the development of sport-specific endur-
ance characteristics. Finally, Chapter 12 presents information about speed and agility
training, paying specific attention to the sequencing of training and to maximizing
these important sports performance characteristics.

257



This page intentionally left blank



dawns
Text Box
This page intentionally left blank


CHAPTER

STRENGTH AND POWER
DEVELOPMENT

P ] uscular strength and power-generating capacity are critical factors in deter-

mining success in a wide variety of sports. Muscular strength and power are

generally acknowledged as being important in all team sports and sports
that are dominated by speed. Contemporary scientific data reveal that muscular
strength and power are important for sports with alarge endurance component, such
as long-distance running or cross-country skiing. Given the importance of muscular
strength and power in so many sports, the coach and athlete must understand how
the development of strength and power can affect performance. The coach and athlete
need to understand the principles associated with resistance training to effectively
use resistance training to enhance performance.

BIOMOTOR ABILITIES

Athletic performance is dominated by combinations of strength, speed, and endur-
ance, which are biomotor abilities. Most sport activities can be classified as having
a predominant biomotor ability. Figure 10.1 illustrates a theoretical paradigm where
strength or force, speed, or endurance is the dominant biomotor ability (24, 51).
For example, the dominant biomotor ability necessary for success in long-distance
running is generally considered to be endurance (24). Every sporting activity has a
dominant biomotor ability (figure 10.2). However, contemporary research suggests
that sporting activities can be affected by several of the biomotor abilities (141, 144).
This can be clearly seen by the fact that muscular strength appears to influence
both running speed (18, 26, 37) and endurance (110). For example, leg strength and
power appear to be significantly related to sprint speed, with the strongest and most
powerful athletes being able to run the fastest (18, 26, 37). Support for the influence
of strength on endurance can be seen in the literature demonstrating that adding
resistance training to the training regimes of long-distance runners (110, 144), Nordic
skiers (94, 94, 143, 145), or cyclists (20) results in significantly greater improvements
in performance compared with focusing only on endurance training. Recent evidence
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suggests that stronger, more powerful athletes perform better on performance tests
designed to evaluate agility (147). Based on this data, a hypothetical model can be
constructed in which strength is connected with many of the factors that have been
shown in the literature to effect performance in a variety of sporting activities (figure
10.3). Because strength affects the other biomotor abilities and almost all facets of
athletic performance, strength should be considered as the crucial biomotor ability
(24). Therefore, to maximize athletic performance strength should always be trained
in concert with the other biomotor abilities.
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Figure 10.1 Relationship between the main biomotor abilities, in which (a) strength, (b) speed, and (c)
endurance dominate (51). F = strength or force; S = speed; E = endurance.
From Florescu, Dumitrescu, and Predescu 1969 (51).
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Figure 10.2 The dominant composition among the biomotor abilities of various sports.
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Figure 10.3 Interaction of biomotor abilities and various aspects of sport performance.

STRENGTH

Strength can be defined as the maximal force or torque (rotational force) a muscle
or muscle group can generate (116, 117). Strength is better defined as the ability of
the neuromuscular system to produce force against an external resistance (187). Con-
temporary literature suggests that high levels of muscular strength are significantly
related to sport performance. For example, muscular strength has been related to
sprint performance (18, 26, 37), American football performance (19, 57), soccer per-
formance (34, 65, 93, 174), volleyball performance (48, 134), ice hockey performance
(95), rugby league performance (60), and aerobic exercise performance (20, 94, 110,
144). These data seem to support the contention that muscular strength is a major
contributor to most sporting activities. Therefore, the appropriate application of
resistance training can alter the neuromuscular system in a way that improves the
athlete’s capacity to produce force and improves sports performance (73, 182, 183).

Force, Velocity, Rate of Force Development,
and Power

When looking at sporting activities, one could argue that the ability to generate force
against an external resistance is very important (129). Newton’s second law of motion
supports the importance of force-generating capacity (i.e., strength) (see the equations
on p. 262), in that this law reveals that the product of mass and acceleration is equal to
force (equation 1). If one rearranges this equation, it is easy to see that to increase the
acceleration of an object one must apply a greater force. Because increases in accelera-
tion resultin increases in velocity, it is also easy to conclude that a high force-generating
capacity or strength level is needed to achieve high velocities of movements (187). Sup-
port for this contention can be seen in the literature that demonstrates significant
relationships between speed and muscular strength (18, 26, 37).
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W
EQUATIONS

Equation 1: F= M x A+ W
M = Mass of an object
A = Acceleration of an object

W = Weight of mass attributable to the
effects of gravity

Equation 2: RFD = AF / AT

RFD = Rate of force development
AF = Change in force

AT = Change in time

Equation 3: Power = F x D/T
Power = W/T

Power = FxV

F = Force
W = Work
T=Time

V = Velocity

\

g

Further examination of the interac-
tion between force and velocity suggests
that an inverse relationship exists,
where as external resistance increases
the movement velocity subsequently
decreases (figure 10.4) (114, 212). The
application of a periodized resistance
training regime has the potential to
alter the force-velocity curve (44,
107, 113, 114, 130, 138). The literature
suggests that heavy resistance training
induces adaptations that are different
than those seen with explosive resis-
tance training (79, 78, 114, 206). For
example, the implementation of a resis-
tance training program that focuses on
the use of heavy loading has a greater
potential to alter the high-force portion
of the force-velocity curve (figure 10.5),
whereas the implementation of explosive
resistance training exercises will alter
the high-velocity portion of the curve
(figure 10.6) (114).

The effect of explosive resistance training on the high-velocity portion of the
force-velocity curve is supported by evidence suggesting that explosive resistance
training has the potential to alter an athlete’s explosive muscle strength or rate of
force development (RFD) (2, 70, 79, 80, 97). The RFD indicates how fast force is
developed and is calculated by dividing the change in force by the change in time
(198) (see equation 2 above). It appears that the ability to generate a high RFD is very
important for sporting activities that involve explosive movements (e.g., sprinting,
jumping, throwing) and require force to be generated during a limited time frame
(~50-250 ms). This time is generally substantially less than the time to reach maximal

Velocity (m/s)

Force (N)

Figure 10.4 Force—velocity relationship.

Velocity (m/s)

Figure 10.5 Theoretical alterations to the force—

After heavy resistance training
Before heavy resistance training

Force (N)

velocity curve by heavy resistance training.
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force (>250 ms) (13, 71, 163). However, maxi-
mal strength and the RFD are interrelated

CELEELLLE After explosive resistance training
Before explosive resistance training

(13,136) and are both associated with sport-
ing performance, as both variables appear
to relate to the ability to cause acceleration,
which affects movement velocity (187).
Itappears that both force and velocity are
important in human movement, because the
product of these two variables is power (114,
187) (see equation 3 on p. 262). Maximal
force-generating capacity appears to be a

Velocity (m/s)

major effector of power-generating capac-

Fi N
ity (162, 163). Schmidtbleicher (162, 163) oree )

suggested that as the load being overcome Figure 10.6 Theoretical alterations to the
decreases, the effect that maximal strength ~ force-velocity curve by explosive resistance

has on power generation also decreases.  training.

He suggested that as this occurs, the RFD

becomes more important (162, 163, 187). Although Schmidtbleicher’s theory is plau-
sible, our understanding of the interrelationship between power, strength, and the
RFD is incomplete (187).

It has been speculated that power-generating capacity or the rate of performing
work is the single most important characteristic in sport (73, 114, 129, 162, 187). In
fact, the power-generating capacity of various athletes appears to differentiate between
levels of sporting performance (19, 57). Two types of power output are relevant in
sporting performance: maximal power output and average power output. Maximal
power output is most related to single-effort maximal performances such as jump-
ing, sprinting, weightlifting, changing direction, and striking (16, 17, 73, 114, 129,
187,193). Conversely, average power output is related to the performance of repetitive
tasks such as endurance running (140), cycling (190), and Nordic skiing (143).

Factors Affecting Strength

Strength can be defined as the ability of the neuromuscular system to produce
force against an external resistance (187). The maximal strength that an athlete
can exhibit depends on seven key concepts: (a) the number of motor units involved
(recruitment), (b) the motor unit firing rate (rate coding), (c) the amount of motor
unit synchronization, (d) the use of the stretch shortening cycle, (e) the degree of
neuromuscular inhibition, (f) the muscle fiber type, and (g) the degree of muscle
hypertrophy (180, 187).

Motor Unit Recruitment

Motor unit recruitment relates to the number of motor units called into play (40, 88).
When more motor units are activated, the amount of force generated by the muscle
then increases (73). Recruitment usually occurs in an orderly pattern from smaller
to larger motor units (88). Henneman and colleagues (88) in their seminal work
established what is known as the Henneman size principle, which suggests that the
size of the motor unit dictates its activation. This work established that larger motor
units have a higher activation threshold and are activated after smaller motor units.
It is also widely accepted that larger motor units are activated in response to higher
external loads (49, 73). However, the motor unit recruitment pattern is affected not
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only by the force exerted (73) but also by the contraction speed (73), type of muscle
contraction (45), and the metabolic state of the muscle (106, 137).

Motor Unit Rate Coding

Rate coding deals with the motor unit firing frequency (40). One unique aspect of
rate coding is that the force generated by a muscle increases without recruiting addi-
tional motor units (73). Van Cutsem and colleagues (197) suggested that rate coding
plays a significant role in determining the speed of voluntary contractions. Support
for this contention can be seen in several investigations showing that higher motor
unit firing rates are associated with higher rates of force development (2, 52, 197, 199).
It appears that explosive high-power output exercises (e.g., weightlifting exercises,
plyometrics, jump squats) have the potential to alter the rate coding of motor units
because these exercises tend to increase the motor unit firing rate (40, 73).

Motor Unit Synchronization

Motor units fire in response to low-intensity muscle actions with brief dynamic
twitches that result in an asynchronous motor unit firing patterns (187). Asyn-
chronous motor unit firing occurs as a result of one motor unit deactivating while
another activates. Conversely, motor unit synchronization occurs as a result of
the simultaneous activation of numerous motor units (61, 119) and historically has
been suggested to result in an increased force output (135). Recent research suggests
that motor unit synchronization may not directly enhance maximal force output or
maximal strength (164, 208). The relationship between motor unit synchronization
and force production capacity is partially supported by literature demonstrating a
higher incidence of motor unit synchronization in strength-trained athletes (166).
However, it appears that motor unit synchronization may exert a stronger influence on
the rate of force development (164). Support for this contention can be seen in recent
research suggesting that motor unit synchronization plays a role in force develop-
ment during rapid muscle contractions (164). Motor unit synchronization may exert
its greatest influence on performance of activities that require the coactivation of
multiple muscles at the same time (164).

Stretch Shortening Cycle

A stretch shortening cycle (SSC) is defined as a combination of eccentric and
concentric muscle actions (117, 118). A stretch shortening cycle could be considered
a plyometric muscle action (187) because an eccentric muscle action (lengthening of
the muscle) occurs prior to the concentric muscle action (shortening of the muscle)
(118). The most well-known effect of the stretch shortening cycle is an enhancement
in performance (concentric muscle action) during the final phase of the cycle (38,
117, 118). The performance enhancement resulting from a stretch shortening cycle
most likely occurs because of storage of elastic energy during the eccentric phase
(30, 118), activation of the stretch reflex (119), and optimization of muscle activa-
tion (3, 23). Several investigations have suggested that strength training improves
maximal strength as a result of an improved ability to activate stretch shortening
cycles (3, 38).

Neuromuscular Inhibition

Neural inhibition can occur as a result of neural feedback from various muscle and
joint receptors that can reduce force production (61, 187). For example, it appears
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that the Golgi tendon organ, which
operates as a protective mechanism,
prevents the generation of harmful
muscular forces during maximal or
near-maximal efforts (61). If neural
activation patterns of these protective
mechanisms are altered, disinhibi-
tion may occur and force-generating
capacity may increase (111). Support
for this argument can be seen in the
work of Aagaard and colleagues (3),
where 14 weeks of heavy resistance
training significantly reduced neu-
romuscular inhibitory responses.
The resultant decrease in inhibition
may partially explain some of the
increases in force-generating capacity
seen as a result of training (3).

Muscle Fiber Type

Cross-sectional studies suggest that
strength and power athletes have
high percentages of Type II (fast
twitch) muscle fibers (53-60%) (58,

59, 81, 84, 153, 191). This is impor- Strength is affected by many factors including fiber
type and the degree of muscle hypertrophy.

tant because the muscle fiber type
characteristics of an athlete play a
significant role in the athlete’s ability to exhibit maximal muscular strength and
power-generating capacity (58, 59, 153, 154, 192). For example, Fry and colleagues
(58) reported that the Type II fiber concentration of weightlifters is significantly cor-
related to the maximal weight lifted in the snatch (r=.94) and the clean and jerk (r=
.78). The fiber type distribution of an athlete also appears to be significantly related
to the athlete’s vertical jump ability (r = .79). Conversely, athletes who participate in
endurance sports generally have higher percentages of Type I (slow twitch) muscle
fibers (21, 192), which have been shown to correspond to higher maximal oxygen
consumption rates (21) and lower maximal force-generating capacities. Thus, the
athlete who possesses higher concentrations of Type I muscle fibers appears to have
an advantage in sporting activities that require high levels of strength and power.
Conversely, having a higher percentage of Type I muscle fibers is advantageous to
endurance exercise performance.

Muscle Hypertrophy

An increase in muscle cross-sectional area is thought to contribute to the increases
in muscle hypertrophy seen in response to resistance training (1, 52). Increases in
cross-sectional area of a muscle increases the amount of contractile units and thus
increases force-generating potential (10, 52, 203). Type II muscle fibers exhibit a
greater plasticity, which is demonstrated by the faster rate of hypertrophy seen in
response to training and the faster rate of atrophy seen with detraining by these
types of fibers (52, 82).

AP Photo/Andres Leighton
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Physiological Adaptations to Strength Training

The physiological adaptations to a strength-training regime can be categorized as
being either neurological or morphological (52). Neurological adaptations include
factors such as changes in motor unit recruitment patterns (73), motor unit syn-
chronization (112, 135, 165-167), motor unit firing rate (40), and reflex activation
(52). Morphological changes relate to changes in whole muscle size (36), muscle
hypertrophy (36, 142), muscle fiber type transitions (205), and alterations to muscle
architecture (168). The degree to which these two broad categories contribute to
adaptations can be influenced by many factors such as training status (161), type of
exercises used in the training regime (31, 142), genetic makeup (25, 35, 103, 146, 194),
age (104), and gender (104).

It has been suggested that the development of strength in the early phase of training
is most affected by neurological factors, whereas in the longer term training adapta-
tions are limited by the morphological factors (161, 201). The time when neurological
factor adaptation predominates is between 6 and 20 weeks from the initiation of a
resistance training regime depending on the type of exercise and the structure of the
resistance training regime (31, 161, 201). This time frame can be altered depending on
the complexity of the exercises used in the resistance training regime (31). Chilibeck
and colleagues (31) suggested that complex exercises that involve more than one joint
(e.g., squat, clean, snatch) may require more time for neural adaptations to be mani-
fested, thus requiring a longer time frame before hypertrophy predominates. Those
investigators noted that the neurological adaptations in the upper arm occurred very
rapidly, because hypertrophy was noted after 10 weeks of performing the biceps curl.
Conversely, significant hypertrophy was not noted in the legs until after 20 weeks of
leg press training. These data indicate that the exercises used in the resistance train-
ing regime may mitigate the degree to which neurological or hypertrophic factors
predominate.

Neurological Adaptations

With the initiation of a resistance training regimen, the primary adaptations that
affect performance relate to motor learning and coordination (158). These adapta-
tions appear to be very specific to the movement pattern and the sequence of muscle
contraction (52), which suggests that the expression of strength requires a degree of
skill.

Resistance training has the potential to alter the motor unit recruitment patterns
(73, 197), motor unit rate coding (2, 40, 73), and degree of motor unit synchroniza-
tion (166). The type of training undertaken in a resistance training regime plays
a role in determining neurological adaptations. For example, explosive resistance
training with high loads or heavy resistance training has been shown to lower the
motor unit recruitment thresholds (73, 197) and increase the occurrence of motor
unit rate coding (2, 40, 197). A heavy resistance training regime has the potential to
increase motor unit synchronization (164) and reduce neural inhibition (3). These
neurological adaptations appear to alter force-generating capacity and the rate of
force generation, which both can affect sports performance.

Morphological Adaptations

The occurrence of muscle hypertrophy in response to a resistance training regime
results in changes to the muscle architecture (168). These architectural alterations can
increase contractile material, which in turn can increase force production capacity
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(52). The most significant morphological change noted in most resistance training
studies is an increase in muscle hypertrophy (3, 52, 75, 83, 89, 168, 178). Most short-
term strength training studies demonstrate significant hypertrophy of Type Il muscle
fibers (1,41, 98,195,203, 205), whereas long-term studies demonstrate hypertrophy of
both Type Il and Type I fibers (82, 125). Muscle hypertrophy is marked by significant
increases in the cross-sectional area of the skeletal muscle fibers, which can resultin
an increase in contractile material (52) and an increase in the angle of pennation of
the muscle (1). These two morphological adaptations significantly enhance muscular
strength adaptations in response to a resistance training regime (1, 52).

A further consideration when looking at the morphological adaptations of the
muscle is the training intervention (55). It appears that explosive strength training
has the potential to significantly increase Type II fiber size, significantly altering
the ratio of Type II to Type I muscle fiber cross-sectional area, which favors maximal
strength and power-generating capacity (55, 74, 187). Support for this contention is
presented by Fry (55), who demonstrated that the ratio of Type II to Type I content
is greater in weightlifters than in powerlifters and bodybuilders. These data suggest
that the type of resistance training used has the potential to dictate the types of
morphological changes expressed by the skeletal muscle.

Another potential positive morphological adaptation to a resistance training
program is an alteration in the muscle fiber type (52, 205). The most consistent
fiber type adaptation seen in response to a resistance training regime is a reduction
in Type IIx fiber distribution with a concomitant increase in Type Ila distribution
(29, 83, 178, 205). The results of these studies may be predicated by the analytical
techniques used. Newer analytical techniques suggest that muscles exhibit an even
greater plasticity and thus may express greater alterations in response to training or
detraining (62, 126, 196, 205).

Contemporary research has examined myosin heavy chain (MHC) content when
identifying muscle composition (52, 55, 126, 205). Myosin heavy chain composition
is closely associated with the classic fiber typing methods (55). However, current lit-
erature reveals that in addition to the major categories of myosin heavy chain (Type
I, Type Ila, and Type IIx), there exists a pool of hybrid fibers (Type I/IIa, Type I/I1a/
IIx, and Type I1a/IIx). This pool of hybrids can be altered by resistance training (205),
endurance training (196), and bed rest (62). As this pool is modified, the percentage
of Type IIx, Ila, or I fibers can be altered, which partially explains the fiber type
compositions of different classifications of strength athletes (table 10.1).

Table 10.1 Fiber Type Distributions of Various Strength-Trained
Athletes

FIBER TYPE DISTRIBUTION (%)
Population I lla 11x Hybrids
Recreationally active young people (39, 172, 203) | 41 33 6 20
Resistance-trained men (9, 172, 203, 205) 34 58 <1 8
Resistance-trained women (205) 35 53 <1 12
Bodybuilders (39) 27 47 9 17
Weightlifters (58) 35 64 1 NA

Note: All percentages based on myosin heavy chain data. NA = not available.
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Type of Strength

Various types of strength can be targeted within a resistance training regime. Under-
standing the relationship between strength and the performance characteristics of
the sport will allow the coach to construct training programs that transfer strength
development into performance gains. Some types of strength to consider are as fol-
lows:

* General Strength: General strength refers to the strength of the whole muscu-
lar system. This strength is the foundation for the strength program and must be
developed for ultimate performance to be achieved. Coaches can focus on general
strength during the preparatory phase of training or during the first few years of
training in novice athletes. If general strength is not adequately developed, the
athlete’s progress may be impeded.

* Specific Strength: Specific strength relates to the motor patterns of muscle
groups that are essential to a sporting activity. Athletes usually work on specific
strength at the end of the preparation phase.

* Speed Strength: Speed strength is the ability to develop force rapidly and at
high velocities. Speed strength is important in most sports, especially team sports.
This type of strength is best developed during the specific preparation phase and
within the competition phase of training.

* Maximum Strength: Maximum strength refers to the highest force the
neuromuscular system can generate during a maximum voluntary contraction.
Maximal strength is demonstrated by the highest load that an athlete can lift one
time. Maximal strength has been related to factors such as muscular endurance,
weightlifting performance, and speed.

* Muscular Endurance: Muscular endurance is the ability of the neuromus-
cular system to produce force in a repetitive fashion over extended periods of time.
The total number of repetitions that can be lifted with a specific load is a marker
of muscular endurance.

* Absolute Strength: Absolute strength refers to the amount of force that can
be generated regardless of body weight. In some sports (shot put, American foot-
ball, or the super-heavy weight class in weightlifting and wrestling), the athlete
must achieve avery high level of muscular strength. An athlete’s absolute maximal
strength capacity can be measured with one repetition maximum testing (IRM).

W

J
METHODS OF SCALING MAXIMAL STRENGTH
Ratio = AS/BW
Ratio = AS/LBM
Allometric scaling = load X (BW?¢7)"
Height scaling = load X (HT2'¢)"
Sinclair formula (men) = 10°0.845716976 X (Log10(BW/168.091)"2)
Sinclair formula (women) = 1071.316081431 X (Log10(BW/107.844)"2)
Scaled value = load X Sinclair coefficient
Ny AS = absolute strength; BW = body weight; LBM = lean body mass; HT = height.
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Knowledge of the athlete’s maximal capacity is necessary to calculate the training
loads needed within a periodized training system.

* Relative Strength: Relative strength is the ratio between an athlete’s maximal
strength and his body weight or lean body mass. The ratio for evaluating relative
strength is calculated by the athlete’s absolute strength divided by his body weight
(185). However, several researchers have suggested that simply dividing the absolute
strength by body weight results in a misrepresentation of relative muscular strength
because the relationship between strength and body mass is not linear (14, 139, 185).
The ratio method usually results in a bias toward small individuals (14, 213). To
avoid this bias several methods (53, 175, 185) have been suggested as alternatives for
determining relative strength (see methods of scaling on p. 268). Comparisons of
muscular strength show that allometric scaling techniques or the Sinclair formula
(175) provide a better representation of an athlete’s relative strength.

METHODS OF STRENGTH TRAINING

Strength training or resistance training entails using resistive loads to develop muscu-
lar strength and power. Depending on the goals of a strength training regime, various
methods of applying resistance can be used (see Methods of Resistance Application on

METHODS OF RESISTANCE APPLICATION

Body Weight. Body weight resistance can be used to increase strength because of the actions of gravity
on the body. Body weight exercises include a vast variety of exercises, all of which use the body as a
resistive load. Some examples are push-ups, pull-ups, chin-ups, dips, and stair climbing.

Elastic Bands. When stretched, elastic bands create resistive forces. A potential problem with this
resistive device is that the forces exerted on the body become greater as the band is stretched further
(85). With activities such as jumping, these devices apply less force at the initiation of the jump and
greater force after the athlete has left the ground, which does not model the loading patterns typi-
cally found in sport. Conversely, using a weighted vest or jumping with free weights applies the force
consistently throughout the movement, which better translates to sports performance and is a more
effective training practice (85).

Weighted Objects. Weighted objects can include medicine balls, kettle balls, and bags of sand. Resistive
force is created as a result of the interaction between gravity and the object’s weight.

Weight Stack Machines. With weight stack machines, resistance is provided by the action of gravity on
the resistance. The direction of the force is controlled by the use of pulleys, cables, cams, and gears.
It has been suggested that such machines do not match human strength curve patterns (85).

Fluid Resistance Machines. Fluid resistance machines create resistive forces by moving the body or
apparatus through a fluid, moving fluid past an object, moving fluid around an object, or moving fluid
through an orifice (85). The fluid used in these devices can be either a liquid or a gas. One problem
with fluid-based resistive devices is that they do not provide for eccentric muscle actions, which may
limit the device’s effectiveness (85). Power development is limited with these devices because of their
limited ability to generate maximal velocities (85).

Free Weights. Free weights, such as dumbbells and barbells, are considered the gold standard of resis-
tance training. Free weights most closely match the human strength curve (85, 180) and use gravity
to apply the resistive forces.

Isometric. Isometric methods apply resistive forces in which the contractile forces equal the resistive
forces. An example of an isometric muscle action is pushing with maximal forces against an immov-
able object.
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p. 269). The preferred method of strength training combines the use of free weights
with other methods of developing strength and power such as plyometrics, medicine
ball work, and agility training. Using multijoint, large muscle mass exercises (e.g.,
cleans, snatches, pulls, squats, etc.) provides greater transfer to the athlete’s sporting
events compared with single-joint, small muscle mass exercises.

When designing a resistance training regime, the coach should consider the concept
of progressive overload. In progressive overload, the loading paradigm is altered as the
muscle adapts to the training stimulus (50). Progressive overload can be accomplished
through the manipulation of many of the training variables, such as changing the
resistance used, altering the number of repetitions or sets in the training program,
varying the frequency of training, altering the rest interval between sets or repetitions,
and changing the exercises in the training regime (12).

MANIPULATION OF TRAINING VARIABLES

An effective strength training regime systematically manipulates many training fac-
tors in a periodized fashion. Coaches can optimize the training plan by methodically
managing the volume and the intensity of training. Early in the training plan, during
the preparatory phase, volume will be higher, intensity will be lower, and sport-specific
training will be minimized. As the athlete moves closer to the competitive season,
there is a general downward shift in training volume, an increase in training inten-
sity, and an increase in sport-specific training. Although the manipulation of volume
and intensity of training is extremely important, it is also important to manipulate
other variables associated with the training plan, such as the frequency of training,
the order of exercises, the interset rest intervals, and the exercises selected.

Volume

Volume of training can be quantified as the amount of work performed and can
incorporate total training hours, number of kilograms lifted, metric ton or short
tons lifted per training session, phase of training or per year, and the number of sets
and repetitions completed (24). In the literature, volume is traditionally represented
as a metric ton (11, 46, 133) or volume load (180, 187), and several authors suggest
that the metric ton (volume load) gives the best representation of the training volume
(180, 187). A metric ton is equivalent to 1,000 kg, whereas a short ton is equal to
1,102.3 kg. The volume of a training session is calculated by multiplying the weight
lifted by number of sets and the number of repetitions, which yields a volume load
value (table 10.2).

Table 10.2 Example of Volume Calculation

Volume
Exercise Sets | x | Repetitions | Load (kg) | load (kg) Metric ton | Short ton
Power clean 3 X | 5 125 1,875 1.875 1.701
Clean pull (floor) 3 X |5 160 2,400 2.400 2177
Clean pull (knee) 3 X |5 170 2,550 2.550 2.313
Clean grip Romanian deadlift | 3 X |5 140 2,100 2.100 1.905
Total 8,925 8.925 8.504

To calculate the number of metric tons divide the volume load by 1,000. To calculate the number of short tons, divide the
volume load by 1,102.3.
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Investigators have used different methods for calculating the volume load: Some
authors calculate only attempts greater than 80% of 1RM (11, 150) whereas others
calculate all of the repetitions performed in training (180). The total workload in an
annual training plan can approach 3,726 metric tons for elite weightlifters (11), with
2,789 metric tons in the preparatory phase and 937 metric tons in the competition
phase. The number of metric tons encountered in a training session depends on the
sport being trained for, the developmental status of the athlete, and the phase of train-
ing. As the athlete becomes more developed, he can tolerate higher training session
or microcycle volume loads. It is not uncommon for weightlifters to train with 10 to
60 metric tons in a microcycle (11, 46). The microcycle volume can vary drastically

depending on the sport and the phase of training (table 10.3).

Table 10.3 Suggested Volume in Metric Tons of Strength Training Per Year

VOLUME PER MICROCYCLE

VOLUME PER YEAR

Sport or event Preparatory | Competitive | Transition Minimum Maximum
Baseball and cricket 20-30 8-10 2-4 900 1,450
Basketball 12-24 4-6 2 450 850
Boxing and martial arts 8-14 3 1 380 500
Cycling 16-22 8-10 2-4 600 950
Downhill skiing 18-36 6-10 2-4 700 1,250
Figure skating 8-12 2-4 2 350 550
Football 30-40 10-12 6 900 1,400
Golf 4-6 2 1 250 300
Gymnastics 10-16 4 380 600
High jump 16-28 8-10 - 620 1,000
Ice hockey 15-25 6-8 - 600 950
Javelin 12-24 4 450 800
Jumps 20-30 8-10 800 1,200
Kayaking and canoeing 20-40 10-12 4 900 1,200
Lacrosse 14-22 4-8 2-4 500 900
Rowing 30-40 10-12 900 1,200
Rugby 10-20 4-6 320 600
Shot put 24-40 8-12 - 900 1,450
Speedskating 14-26 4-6 - 500 930
Sprinting 10-18 4 400 600
Squash 8-12 4 350 550
Swimming 20 8-10 2-4 700 1,200
Tennis 8-12 2-4 2 350 550
Triathlon 16-20 8-10 2-4 600 1,000
Volleyball 12-20 4 450 600
Wrestling 20-30 10 4 800 1,200

Adapted, by permission, from T.O. Bompa and M.C. Carrera, 2005, Periodization training for sports: Science-based strength and
conditioning plans for 20 sports, 2nd ed. (Champaign, IL: Human Kinetics), 258.
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Training Intensity

The training intensity or load relates to the amount of weight or resistance being
used. The intensity of a training session can be calculated by dividing the volume
load by the total number of repetitions completed (173).

Theload used in resistance training is best expressed as a percentage of 1RM (115).
Some strength and conditioning professionals suggest using repetitions to failure
with repetition maximum zones (e.g., 1-3RM, 8-12RM, or 13-15RM) as a method
for determining training intensity (29, 50). However, using training to failure in the
development of maximal strength has been consistently questioned and is not the
optimal method forloading during strength training (105, 148, 179). This contention
is supported by research by Izquierdo and colleagues (105) suggesting that training
to failure brings about fewer improvements in muscular strength compared with not
training to failure. Additional support for this argument was offered by Peterson and
colleagues (148), who clearly showed in their meta-analysis that training to failure
does not maximize strength gains. Thus, it appears that loading is best determined
as a percentage of IRM.

By examining different percent-

Table 10.4 Intensity Zones for Strength ~ 2ges of IRM, we can create a loading

Training parthgrr.l (table' 10.4).In th1§ paradigm,
loading intensity zones (figure 10.7)
Intensity _ Intensity | Muscle can be quantified in relationship to
zone Loading (% of 1RM) | action their emphasis on muscular endur-
1 Supermaximal | >100 Eccentric ance, power generation, and maximal
overload strength. Maximal strength is most
SIS likely emphasized with loads 80% of
2 Maximum 90-100 Concentric 1RM or greater (55), whereas muscular
3 Heavy 80-90 Concentric endurance is emphasized with loads
[0) V) -
4 Medium 20-80 Concentric between 20% and 80% of IRM.. Mus
_ cular power appears to be maximized
5 — 50-70 CorEenlls somewhere between 30% and 80% of
6 Very low 30-50 Concentric 1RM depending on the exercise (114).

Adapted, by permission, from T.O. Bompa and M.C. Carrera,
2005, Periodization training for sports: Science-based strength

Intensities between 100% and 125%
of 1RM are classified as supermaximal

and conditioning plans for 20 sports, 2nd ed. (Champaign, IL: ~ loads; athletes can use these loads
Human Kinetics), 258. when attempting to establish new 1RM

values or when using eccentric overload
or forced repetition techniques (43). Although eccentric overload or forced repetition
training appears to have a place in strength training, it may not result in significant
increases in muscular strength compared with regular training (43). Supermaximal
loads should be attempted only by highly strength trained athletes and should be
used infrequently. Ajin and Baroga (11) suggested that only 5% of the total yearly
training volume be performed at intensities 100% of 1RM or greater.

Training loads that range from 90% to 100% of 1RM are classified as maximum
loads. Heavyloads are intensities between 80% and 90% of 1IRM. Loads of 50% to 80%
of 1RM can be classified as medium intensities, whereas loads less than 50% are clas-
sified as low intensity. The vast majority of the loading should come from medium
intensities (50-80% of 1IRM). Support for this can be seen in the training loads under-
taken by weightlifters, where the following intensity breakdown can be seen: low =
8%, medium =59%, heavy = 26% and maximum = 7% (211). The load encountered in
training will vary depending on the training phase and the loading paradigm used.
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Repetitions

The number of repetitions that
can be performed is usually a func-
tion of the load used (table 10.5).
The higher the load, the lower the
number of repetitions that can be
performed (90, 91, 171). However, it
is difficult to make definitive con-
nections between a percentage of
1RM and the number of repetitions
that can be performed because it
appears that training status, muscle
mass engaged, gender, and type of
exercise can change the number of
repetitions that can be performed at
a given load. For example, Shimano
and colleagues (171) reported that at
60% of the 1IRM, untrained individu-
als can perform 35.9 + 13.4 repeti-
tions in the back squat, 21.6 + 4.2
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Load magnitude and abilities developed by using various loads.

Table 10.5 Load to Repetition Relationship

Percentage of 1RM

Number of repetitions

100
95
90
85
80
75
70
65
60
50
40
30

]
2-3

4

6

8-10
10-12
15
20-25
25
40-50
80-100
100-150

Adapted, by permission, from T.0. Bompa and M.C. Carrera,
2005, Periodization training for sports: Science-based strength and
conditioning plans for 20 sports, 2nd ed. (Champaign, IL: Human

Kinetics), 258.
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Maximal
power

Maximal
strength

High-intensity
endurance

repetitions in the bench press, and 17.2 + 3.7 repetitions in the arm curl. Conversely,
trained individuals were reported to have performed 29.9 + 7.4 repetitions in the back
squat, 21.7 + 3.8 repetitions in the bench press, and 19.0 + 2.9 repetitions in the arm
curl at training loads that corresponded to 60% of 1RM. Hoeger and colleagues (91)
reported that exercise type, training status, and gender resulted in differences in the
number of repetitions that could be performed at various percentages of 1IRM. For
example, at an intensity of 40% of 1RM, untrained men performed 80.1 + 47.9 repeti-
tions on the leg press and 34.9 + 8.8 repetitions on the machine bench press. When
the same protocol was repeated with untrained women, 83.6 + 38.6 repetitions were
performed on the leg press; no repetitions were performed on the machine bench
press because the load could not be set on the machine. The coach needs to consider
the athlete’s training status and gender, the muscle mass involved, and the mode of
resistance training when determining how many repetitions can be performed at
various percentages of IRM.

The repetition scheme used results in specific physiological adaptations (29). As
illustrated in figure 10.8, low-repetition schemes (1-6 repetitions) are better for the
development of maximal muscular strength. Higher numbers of repetitions (>10
repetitions) appear to be more suited for stimulating muscular endurance (20, 29).
High-intensity endurance (short duration) appears to be enhanced with repetition
schemes of 10 to 15 (29, 50), whereas low-intensity endurance (long duration) is
improved with more than 20 repetitions (29). Power-based adaptations are best real-
ized with low-repetition schemes (1-3 repetitions) depending on the phase of training.
The repetition scheme should be selected based on the goal of the phase of training
and the loading scheme being used. In a periodized training plan, the repetition
scheme is manipulated to facilitate specific adaptations.

Sets

Traditionally a set consists of a series of repetitions performed continuously followed
by a rest interval (72). Contemporary literature clearly demonstrates that single-
set training programs dramatically restrict the development of strength and that
multiple-set protocols result in significantly greater adaptations in both athletes and
nonathletes (148, 156). Peterson and colleagues (148) reported dose-response data sug-
gesting that single-set protocols offer minimal stimulus for strength gains and that
between four and eight sets are needed to optimize training-induced strength gains.
Rhea and colleagues (156) also reported that a minimum of three sets are needed to
maximize strength gains in both trained and untrained individuals. The literature

Repetitions

51671819 10|11 |12 {13 |14 [15 16 [17 |18 |19 120 |25 |30 |35 40 [45|50 |55

>60

Low-intensity
endurance

Figure 10.8 Number of repetitions required for developing various types of strength.
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indicates that untrained individuals receive the most benefit from three or four sets,
whereas trained individuals will gain the most adaptations from four to eight sets
(148, 156). Therefore, when constructing a training program coaches must consider the
training status of the individual, because highly trained athletes are able to tolerate
and may benefit from higher numbers of sets. The more sets an athlete can tolerate,
the greater the stimulus for adaptation and the greater the strength gains.

The traditional format of a set may be modified to change the training stimulus
(72,123, 124). Several researchers have suggested that the format of a traditional set
can be modified by incorporating a short interrepetition rest interval to create what
is termed a cluster set (72, 123, 124). During traditional set configurations, with each
repetition there is a decrease in repetition velocity, power, and quality. The addition
of a 10 to 30 s interrepetition rest interval can allow for partial recovery between each
repetition (160), thus allowing for higher repetition quality (72). The interrepetition
rest interval can be manipulated to target physiological responses. For example, if
the athlete is focusing on power-generating capacity, she can use a 30 s interrepeti-
tion rest interval. Conversely, if high-intensity endurance is the target of training,
the athlete may use a 10 s interrepetition rest interval.

Cluster sets can be structured in several different fashions depending on the goal
of training (table 10.6). Additional variation in the cluster set can be accomplished
by changing the loading paradigm (72). Three distinct repetition schemes can be
constructed: a straight cluster set that uses the same intensity across all repeti-
tions, an ascending cluster where the intensity of each repetition is increased, and
an undulating cluster where loading is implemented in a pyramidal fashion (table
10.7). Contemporary literature suggests that the most effective use of the cluster set
is with ballistic or explosive exercise (124) and that traditional sets may be better for
the development of muscular hypertrophy or maximal muscular strength (157).

Table 10.6 Cluster Set Configurations Using Various Configurations for the

Clean Pull
Sets x Interrepetition
repetitions | rest interval (s) | Repetition load (kg)
Cluster | 3 x 10/1 30 110 | 110 | 110 | 110 | 110 | 110 | 110 | 110 | 110
Cluster | 3 X 10/2 30 110 | 110 | 110 | 110 | 110
Cluster | 3 X 10/5 30 110 | 110

110

Note: 3 X 10/1 = three sets of 10 repetitions performed with 30 s rest between each repetition of the set; 3 X 10/2
=three sets of 10 repetitions with 30 s rest after every two repetitions; 3 X 10/5 = three sets of 10 repetitions with

30 s rest after 5 repetitions. Loads are based on of a 1RM clean of 150 kg.

Table 10.7 Intensity Variations for Cluster Set Configurations Using the

Clean Pulls
Sets x Interrepetition
repetitions rest interval (s) | Repetition load (kg)
Cluster 3 X 5/1 30 120 120 120 120 120
Undulating cluster 3 X 5/ 30 120 130 140 130 120
Ascending cluster 3 X 5/1 30 120 130 140 150 160

Note: 3 X 5/1 =three sets of 5 repetitions performed with 30 s between each repetition of the set. Loads are based

on of a 1RM clean of 150 kg.
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Regardless of how the set is configured, the phase of training will dictate the
makeup of the training set. For example, during the preparation phase of training
when greater numbers of repetitions and exercises are performed, fewer sets may be
performed. As the competitive phase approaches, the number of exercises will decrease
whereas the number of sets usually increases. During the competitive phase everything
will decrease, including the number of repetitions and number of sets, so that the
athlete is recovered and can focus on technical and tactical training.

Interset Rest Intervals

The rest interval between sets is a function of the load being used, the goal of the
training plan, the type of strength being developed, and the degree of explosiveness
of the training exercise (24). The rest interval must be long enough to allow for the
restoration of adenosine triphosphate (ATP) and phosphocreatine (PCr), the clear-
ance of fatigue-inducing substrates, and the restoration of force production capacity
(204).

The time selected for the interset rest interval may play a distinct role in the replen-
ishment of substrates used during the set. After 30 s of rest, 70% of ATP has been
restored, although complete ATP resynthesis does not occur until 3 to 5 min (99). Two
minutes of rest is needed to restore approximately 84% of PCr, whereas 4 min of rest
is need to restore approximately 89% of the PCr stores, and 8 min of rest is needed
for complete restoration of PCr (87, 99, 100). Thus, during high-volume training,
rest intervals of less than 1 min may not be long enough to allow for restoration of
substrates and may result in inadequate recovery (204). Force- and power-generating
capacity has been shown to be almost completely restored with 2 to S min of recovery
between sets (8,22, 160, 188). Conversely, when less than 1 min of recovery is allowed
between sets, force- and power-generating capacity can be decreased by 12% to 44%
(8, 149, 188). These data indicate that short recovery periods (<1 min) should be
avoided in favor of longer recovery periods (2-5 min) when the athlete is attempting
to maximize force- and power-generating capacity.

Clearly, short rest intervals do not allow for enough recovery to sustain training
intensities across several sets and are not advantageous when the athlete is attempt-
ing to maximize muscular strength and power development (204). However, when
the resistance training program is designed to emphasize muscular endurance, short
rest intervals may be advantageous. It is plausible that when short rest intervals are
coupled with high volumes of training, physiological adaptations occur that can
facilitate endurance performance. These adaptations may include increases in capil-
lary density, mitochondrial density, and buffer capacity (204). Very little research has
been completed that examines the effects of different resistance training regimes on
muscular endurance, but contemporary literature suggests that shorter rest intervals
may be advantageous when targeting muscular endurance.

Short rest interval programs have also been suggested to result in significant
hormonal responses that provide a greater stimulus for hypertrophy (67, 131, 204).
In particular, it appears that when short rest intervals are included in a resistance
training program that uses higher repetitions (" 10 repetitions) with moderate loads,
greater levels of growth hormone are released (67, 121, 131). However, high levels of
growth hormone also have been reported in response to weightlifting, which uses
longer rest intervals (2-5min) and multijoint exercises (e.g., snatch, clean, pulls) with
moderate to very high intensities, for relatively low numbers of repetitions (120).
Short rest intervals do not allow for complete recovery, and they decrease the total
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work load that the athlete can accomplish. Frobrose and colleagues (54) suggested
the work accomplished (i.e., tonnage or volume load) is the primary stimulus for
muscular hypertrophy. Thus, depending on the athlete’s ability to recover, various
rest interval lengths may be used when targeting muscular hypertrophy.

Order of Exercises

The order of exercises in a strength training program can significantly influence the
effectiveness of the training session (12, 15, 169, 177). Large-mass, multijoint exercises
should be placed early in the training session (12, 169, 177) because these exercises are
fundamental to strength development and need to be trained when the athlete has a
minimal amount of fatigue (177, 180). Vorobeyev (200) suggested that speed strength
exercises (e.g., power snatches, power cleans), which are often large-mass, multijoint
exercises, be performed first because they may exert a positive effect on subsequent
exercise performance. After completing the large-mass, multijoint exercises, the athlete
can then progress to smaller mass, single-joint exercises (12). Alternatively, it has been
suggested that the athlete alternate between upper-body and lower-body exercises to
facilitate recovery (202). This method of training may be useful with circuit-based
training programs, but it has been shown to be inappropriate for training programs
that emphasize strength and power development (181).

Another method of sequencing exercise that is popular in bodybuilding involves
fatiguing the muscle group by using a large-mass, single-joint exercise prior to
performing a related large-mass, multijoint exercise, creating what is termed a pre-
exhaustion complex (15, 189). Current research suggests that the use of a pre-exhaustion
exercise reduces strength gains and decreases muscle activation (15). This phenom-
enon most likely occurs as a result of fatigue negatively affecting the multijoint
exercises that follow the single-joint pre-exhaustion exercise. Therefore, athletes who
are trying to maximize maximal strength and power development should not use a
pre-exhaustion complex.

When an athlete is attempting to maximize strength and power development, it
may be advantageous to perform either an explosive exercise (130, 200) or a heavy-
load, multijoint, large-mass exercise (130) before performing an explosive exercise
such as a jump or a sprint. This can be termed a postactivation potentiation complex.
Postactivation complexes have been shown to significantly increase the rate of force
development (RFD), jumping height (210), sprinting performance (130), and sprint
cycle performance (176). However, if the initial exercise creates large amounts of
fatigue, performance most likely will be impaired during the second exercise of the
series (32). The postactivation complex appears to be effective only when used with
highly trained individuals (33). There are numerous examples of postactivation
complexes in the scientific literature, but some examples that may have significant
performance effects can be seen in table 10.8. Potentiation complexes need to have a
heavy-load activity (290% 1RM) such as a back squat for minimal repetitions (one to
three repetitions) performed 4 to 5 min prior to an explosive activity, such as jump-
ing or sprinting.

Training Frequency

Training frequency is usually measured as the number of times per week a certain
muscle group is trained or how often the athlete trains the whole body (12, 50, 180).
The greater the training frequency, the greater the strength gains (64, 68, 102, 132,
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Table 10.8 Postactivation Complexes

Study Postactivation potentiation complex Results
Chiu et al. (33) | Back squats 5 18.5 min rest Jump squats Power output
X 190% 1RM T with jumps at
30% 1RM
McBride et al. Back squat 1 X | 4 min rest 40 m sprint 0.87% l in
(128) 390% 1RM sprint time
Smith et al. Back squats 10 | 5 min rest 10 s sprint cycle 4.8% Min
(176) X 190% 1RM test average power
output
Yetter and Moir | Back squat 3 x | 4 min rest 40 m sprint 2.3% | in sprint
(211) 70% 1RM time
Young et al. Backs squat 1 4 min rest Loaded 2.8% 1 in jump
(210) X 5RM countermovement | height
jump

Note: U = decrease; T = increase.

152). For novice and intermediate weight trainers who are training the whole body
during each training session, training 2 or 3 days per week appears to be optimal,
whereas intermediate weight trainers who base their training sessions on muscle
groups should train 3 or 4 days per week with each muscle group being trained 1 or
2 days per week (12). As the athlete becomes more developed, the frequency of train-
ing may need to be increased.

Support for higher frequencies of training with advanced athletes can be found
in the scientific literature. For example, university-level American football players
who participated in four or five training sessions per week experienced significantly
greater gains in muscular strength than those who participated in fewer training ses-
sions (96). It appears that higher frequencies of training are necessary to maximize
maximal muscular strength adaptations (12). This contention is supported by the
fact that elite weightlifters have been reported to train with as many as 21 sessions
per week (63, 211). This high frequency of training is often accomplished by breaking
the training volume into short sessions that occur multiple times per day (4-7,42, 63,
109). For example, the Greek (42) and former Soviet (63) weightlifting systems use two
sessions in one training day, whereas the Bulgarian system of weightlifting uses as
many as six 45 min sessions throughout the training day (4-7, 63). Ajan and Baroga
(11) suggested that multiple training sessions may be needed per day to maximize
performance in competitive weightlifters. It is thought that breaking the training
volume into short sessions, followed by periods of recovery in which dietary nutrients
and supplements are supplied, will increase training quality. This concept is supported
by the work of Hikkinen and Kallinen (76), who demonstrated that increasing the
frequency of training to two sessions per day, even when the volume was maintained,
resulted in significantly greater increases in muscle hypertrophy and neuromuscular
adaptations compared with one training session per day.

The optimal frequency of training is determined by many factors. Training status,
the type of strength needed, the phase of the periodized training plan, and the ath-
lete’s goal influence the frequency of strength training. For example, most athletes
undertake strength training to improve their performance in other activities. There-
fore, these athletes may perform three or four strength training sessions per week in
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conjunction with their other training activities. However, if the athlete’s goal is to
maximize strength and power-generating capabilities, more frequent training may
be warranted. The phase of training must be considered when selecting a training
frequency. For example, during the preparation phase, the frequency of training might
be substantially higher than in the later portion of the competition phase. The number
of training sessions often is reduced to taper training and dissipate fatigue.

Loading Patterns

The loading pattern used in the training regime is particularly important because it
will stimulate physiological adaptations. The most effective loading pattern to stimu-
late maximal strength gains is the flat pyramid (24). In the flat pyramid, the athlete
begins with several warm-up sets and works toward a prescribed load at which all of
the training sets are performed, followed by a down set (table 10.9). The flat portion
of the pyramid generally uses an intensity between 80% and 100% of maximum when
the athlete is specifically targeting maximum strength (12, 66, 77). The down set may
result in a postactivation potentiation effect that increases power output and move-
ment velocity (186). It appears that performance is maximized when the majority of
training is undertaken with intensities of about 70% to 85% of 1RM (66, 211). This is
seen in the data presented by Zatsiorsky (211), who reported that 35% of the training
volume of Soviet weightlifters was between 70% and 80% of 1RM, 26% of the training
volume was between 80% and 90% of 1RM, and only 7% of the training volume was
between 90% and 100% of 1RM throughout the training year. Conversely, Hikkinen
and colleagues (77) reported that when training volume is increased in the 80% to
90% and 90% to 100% of 1RM, maximal strength increases significantly. When too
much of the training volume is in the 90% to 100% range, performance may not be
optimized and overtraining may occur (56).

A second loading pattern is the pyramid loading pattern (24, 173) or an ascend-
ing pyramid loading scheme. In this loading scheme, with each set the percentage
of 1RM increases until a maximal attempt is made and with each set the number
of repetitions decreases (table 10.10). The load range of the ascending pyramid has
been suggested to range from 10% to 15% (24). Load ranges greater than 15% are not
recommended because the cumulative fatigue that accumulates may impair strength
development (24).

A modification of the ascending pyramid loading pattern is what some have termed
the double pyramid (24, 69) or simply a pyramid (211, 212). In this loading pattern, the
resistance is increased up to a maximal attempt and then the load is progressively
decreased (211, 212). In conjunction with this loading pattern, two volume patterns

Table 10.9 Loading Pattern for a Flat Pyramid Using the Back Squat

DOWN
WARM-UP TARGET SETS SETS
Load (kg) 675 | 1125|135 | 1575 (180 | 190 | 190 | 190 | 180.5
Repetitions 5 5 5 5 5 5 5 5 5
Percentage of 1RM | 30 50 60 70 80 84 84 84 80

Note: Loading based on a maximum back squat of 225 kg
Adapted from Stone et al. 2006 (184).
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Table 10.10 Loading Pattern for an Ascending Pyramid Using the

Back Squat
WARM-UP PYRAMID
Load (kg) 67.5 | 112.5 | 135 157.5 | 180 191 202.5 | 214 225
Repetitions 6 6 6 6 6 6 4 2 1
Percentage of 1IRM | 30 50 60 70 80 85 90 95 100

Note: Loading based upon a maximum back squat of 225 kg.
Adapted from Stone et al. 2006 (184).

Table 10.11 Loading Pattern for a Double Pyramid Using the Back

Squat
DOUBLE PYRAMID VERSION 1
Load (kg) 180 191 202.5 | 214 214 202.5 | 191 180
Repetitions 4 3 2 1 1 2 3 4
Percentage of 1IRM | 80 85 90 95 95 90 85 80
DOUBLE PYRAMID VERSION 2
Load (kg) 180 191 202.5 | 214 214 202.5 | 191 180
Repetitions 1 1 1 1 1 1 1 1
Percentage of 1IRM | 80 85 90 95 95 90 85 80

Note: Loading based on a maximum back squat of 225 kg. An appropriate warm-up is required to
prepare the athlete for the training bout.

Adapted from Stone et al. 2006 (184).

have been suggested (table 10.11). In one volume pattern, the number of repetitions
decreases as the intensity increases and increases as the intensity is lowered on the
descending sets (24, 69). Another volume pattern leaves the volume constant, typi-
cally at one repetition, and then uses an ascending intensity pattern followed by a
descending pattern (211, 212). Proponents of these loading patterns suggest that
there is a potentiation effect on the descending intensity portion of the pyramid.
However, it is likely that the amount of fatigue established in this type of loading
paradigm will result in a lack of potentiation (32). Zatsiorsky (211) and Zatsiorsky
and Kraemer (212) suggested that this type of loading paradigm is not popular and
has been abandoned by most Olympic-caliber athletes.

Another modification to the pyramid loading pattern is the skewed pyramid. This
modification is considered to be an improvement on the double pyramid loading
model (24). In this loading structure, the intensity is increased for a series of sets
and on the last set a down set is performed (table 10.12). Decreasing the intensity of
the last set should induce a postactivation potentiation effect (186). This concept is
supported by work by Stone and colleagues (186), which demonstrates that greater
barbell velocities are achieved during the down set. These data suggest that the skewed
pyramid may be useful when attempting to create potentiation complexes.

Yet another loading pattern is the wave-loading model (189), which is sometimes
referred to as segment work (108). In this model the training load increases in an
undulating or wave-like fashion (table 10.13). The wave-loading method may be useful
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Table 10.12 Loading Pattern for a Skewed Pyramid Using the
Midthigh Clean Pull

SKEWED PYRAMID
Load (kg) 60 140 180 220 140
Repetitions 2 2 2 2 2
Percentage of 1RM 30 65 85 105 65

Note: Loading based on a maximum clean of 212 kg. An appropriate warm-up is required to prepare
the athlete for the training bout.

Adapted from Stone et al. 2008 (186).

Table 10.13 Wave-Loading and Double Stimulation Models Using
the Snatch

WARM-UP WAVE SEGMENT

Load (kg) 84 98 105 112 119 105 112 119
Repetitions? 5 3 2 3 2 3 3 2
Percentage of 60 70 75 80 85 75 80 85
1RMa

WARM-UP DOUBLE STIMULATION SEGMENT
Load (kg) 135 157.5 | 180 202.5 | 180 202.5 | 180 202.5
Repetitions® 5 5 5 1 5 1 5 1
Percentage of 60 70 80 90 80 90 80 90
1RMb

aData calculated for a 1RM snatch of 140 kg.
®Data calculated for a 1RM squat of 225 kg.
Adapted from Jones 1992 (108).

because it allows for a potentiating effect, because a light load is undertaken after a
heavy load; however, the occurrence of a postactivation potentiation effect with this
model has yet to be investigated in the scientific literature. The wave-loading model
appears to work best with weightlifting exercises (e.g., snatches, power snatches,
cleans, power cleans). A variant of the wave-loading model is the double stimulation
model (108). In this model the athlete alternates a set of high repetitions with a single
repetition that is performed at 10% to 15% greater intensity. The double stimulation
model appears to work best with strength exercises (e.g., back squat, pulls) but has
yet to be explored in the scientific literature.

IMPLEMENTATION OF A STRENGTH
TRAINING REGIMEN

Continual monitoring of the training process is an often overlooked but essential part
of implementing a periodized strength training plan (187). Monitoring the athlete’s
progress allows the coach to determine whether the goals of the training plan are
being achieved. The following steps will allow the coach to conceptualize, design,
and implement a periodized strength training regimen.
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1. Determine the Training Goal: The most important step in establishing a peri-
odized strength training regimen is to determine the goal of the training program. In
this step, the coach and athlete determine the points during the competitive season
at which the athlete needs to give her best performance.

2. Determine the Phases of Training: Like any other periodized training plan, a
strength training program has preparatory, competitive, and transition phases of
training. Each phase is essential to maximize training outcomes. This concept can
be considered phase potentiation (86, 151), which suggests that activities of the gen-
eral preparatory phase facilitate the athlete’s development in the specific preparatory
phase (86) and the competition phase. Thus, the coach must structure the phases of
training so the athlete develops the appropriate biomotor abilities.

3. Determine the Athlete’s Needs: The coach needs to perform a needs analysis in which
she determines the types of strength needed by the sport, the types of movement pat-
terns, prime movers associated with the
sport, bioenergetic demands of the sport,
and any deficit or area of concern (50).
The coach must understand the physi-
ological demands of the sporting activity
to establish a reference point from which
to design the strength training plan.

4. Consider the Characteristics of All
Components of the Training Plan: A
resistance training plan must not be
implemented randomly. For the resis-
tance training plan to be effective, all
training factors must be integrated (187).
Therefore, in team sports, for example,
the coach must consider the strength
training regimen, the conditioning pro-
gram, the agility component, and the
tactical training activities as an overall
unit of training. If these factors are not
considered as a whole, the potential for
overtraining is substantially increased
and the optimization of performance is
left up to chance.

S. Select the Exercises to Be Used in the
Training Plan: The training exercises

© Human Kinetics

To develop a successful strength training plan,
a coach must understand what kind of strength
the athlete needs for his sport.

selected must be related to the require-
ments of the sport. When examining
a sport during the needs analysis, the

coach can determine the muscles that
act as prime movers and match exercises to these activities. For example, watching a
100 m sprinter shows that lower-body strength is essential for optimal performance
outcomes. Thus, the coach may select exercises such as back squats and power cleans
in an attempt to target the prime movers of this activity. Support for this idea can be
seen in several studies suggesting that maximal strength capacity in the back squat
and power clean is significantly related to running performance (18, 26, 37).
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An additional consideration when selecting exercises is the phase of training. Cer-
tain exercises are best used at specific times during the periodized plan (86, 151, 187).
For example, early in the general preparation phase of training it may be warranted
to use fewer technical lifts because fatigue may impair technical performance, which
can increase the injury risk and decrease performance gains. As the athlete moves
toward the specific preparation and competitive phase of training, more technical
lifts can be used because the reduction in training volume will reduce accumulative
fatigue. Another way to look at this is that exercises that target conditioning are
central to the goals of the general preparation phase, whereas exercises that target
strength and power development are appropriate during the specific preparation and
competition phases.

6. Test Performance: After selecting the exercises that are needed to develop the
performance attributes needed by the athlete, the coach must test the athlete’s maxi-
mal strength. Knowledge of the athlete’s 1IRM capabilities in at least the primary or
dominant exercises will allow the coach to establish the training loads. The 1RM
will continually change as the athlete adapts to the physiological stressors of the
training regime. Therefore, the athlete must be tested periodically to individualize
the loading parameters.

Many coaches wrongly believe that performing a 1RM test is dangerous and will
increase the athlete’s risk of injury (28, 122, 127, 155). In fact, IRM testing is very safe
for most populations (159, 170) and is considered the gold standard in the assessment
of muscular strength (101). Some authors suggest that testing strength with multiple
repetition tests is a better way to establish the training intensity (27, 28, 47, 127), but
it has been consistently shown that many of the prediction equations misrepresent
the 1RM (127). This is a major problem because using an estimate of 1RM capabili-
ties thatis too high may increase injury risk during training or induce high-intensity
overtraining from consistently training at high intensities (56). Conversely, training
with an intensity that is underpredicted will result in inadequate strength develop-
ment because the athlete will train using suboptimal loads.

7. Develop the Resistance Training Program: After establishing the athlete’s physi-
cal performance capabilities, the coach can establish the number of exercises, sets,
repetitions, and loading (percentage of IRM) that will be used during the microcycles
and macrocycle. Throughout the training plan the coach probably will need to alter
volume, intensity, and the exercises selected to allow for continued physiological
adaptations that will lead to increases in muscular strength. As muscular strength
increases across the macrocycle, the coach will need to periodically retest the IRM to
optimize the training load. It is essential for the coach to test the 1RM before each
new macrocycle.

8. Record the Training Plan: The coach must record the exercises, number of sets,
number of repetitions, and training load (table 10.14). The load, number of repeti-
tions, and sets usually are noted as follows:

% of IRM / number of repetitions

Noting the load as a percentage of 1RM is useful when working with many ath-
letes, because this allows the coach to calculate the load for every athlete. By using a
percentage notation, the coach can individualize the program for each athlete and
athletes will use their own 1RM to establish their training loads.
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Table 10.14 Sample Chart of a Strength Training Program

Exercise number Exercise Loading Rest interval
1 Clean 80 3
4
2 Back squat 80 85 3
2 3
3 Push press 75 3
2

Notes: loading = _% 1-RM
repetitions

9. Create a Training Log: One of the most important steps is to record what was
done in the training sessions. If the coach and athlete keep detailed records, they
will be able to evaluate the athlete’s progress and chart her performance. Things to
record in the training log include the exercise, the number of repetitions completed,
the number of sets performed, the load lifted in kilograms, and the duration of the
training session (figure 10.9). This record will allow the coach to calculate the volume
load, metric tons, and training intensity (volume load divided by total repetitions
performed). By using a spreadsheet software program such as Excel, the coach can
easily calculate the volume load, metric tons, and training intensity and create figures
depicting the volume and intensity of training. If the training log is accurate and
inclusive, it provides an excellent tool for monitoring training (187).

SUMMARY OF MAJOR CONCEPTS

Strength is one of the most important biomotor abilities for most sports. Strength
is the foundation for both generating maximal power and maintaining repetitive
muscular contractions, in other words, muscular endurance. A periodized strength
training regime can be an excellent tool for maximizing performance outcomes. The
physiological adaptations to the neuromuscular system that resistance training can
bring about are very specific to the training program that the athlete uses. Athletic
performance can be maximized only if the training regime provides appropriate
variation. Many methods for inducing training variation are available, and many of
them can resultin very specific physiological adaptations. Finally, to truly maximize
the effectiveness of a strength training regime, it must be integrated into the compre-
hensive periodized training plan developed for the athlete. Simply adding strength
training to an athlete’s training plan without considering the other training activities
will not maximize performance outcomes.
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CHAPTER

ENDURANCE TRAINING

ndurance can be classified several ways. For example, aerobic endurance,
E sometimes called low-intensity exercise endurance, allows a person to perform

activities continually for a long duration, whereas anaerobic endurance, or
high-intensity exercise endurance, provides the ability to repetitively perform bouts
of high-intensity exercise. Although most sports rely on some form of endurance,
the type of endurance developed (high or low intensity) can significantly affect
performance outcomes. Therefore, the coach and athlete must consider the type of
endurance that the athlete needs for the sport and how the appropriate endurance
will be targeted within the training plan. The coach and athlete must also consider
the athlete’s physiological responses to the methods for developing endurance. Once
the type of endurance and the physiological responses are understood, the coach can
develop a training plan to enhance sport-specific endurance.

CLASSIFICATION OF ENDURANCE

The concept of endurance differs distinctly between various sporting activities and
thus can be defined in several different ways. For example, the type of endurance
that an elite marathon runner needs provides the ability to continuously perform at
a specific power output or velocity for along duration of time. Conversely, an elite ice
hockey player needs to repetitively perform periods of high-velocity movements for
30 to 80 s interspersed with periods of recovery lasting between 4 and 5 min (106).
Although some form of endurance affects both athletes’ performance, the develop-
ment of endurance in these athletes will be distinctly different. If the wrong type of
endurance training is implemented, the athlete might develop endurance character-
istics that do not meet the needs of the sport, and thus performance capacity can
be reduced (45, 147). To understand the correct application of endurance training,
the coach and athlete must differentiate between the two major types of endurance
reported in the contemporary literature: low-intensity exercise endurance (LIEE)
and high-intensity exercise endurance (HIEE) (147).

Low-Intensity Exercise Endurance

Activities that are predominated by aerobic energy supply tend to exhibit lower peak
powers and thus can be classified as being of lower intensities (29, 148). These activities
require the athlete to perform continually, at alow intensity, for a substantial duration
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Force (N)

(148). Thus, this type of endurance is often termed LIEE (148) or aerobic endurance.
Many activities rely predominantly on oxidative or aerobic metabolism (see chapter
1 and table 1.2 on p. 28) and require the athlete to develop a high level of LIEE. For
such activities, developing LIEE can greatly improve the athlete’s performance.
Conversely, the development of LIEE in sports that rely on anaerobic energy supply
(e.g., weightlifting, sprinting, American football, ice hockey, volleyball) can result in
several maladaptations that reduce the athlete’s performance capacity (45). When
LIEE is used to improve endurance in athletes who participate in sports that rely
predominantly on anaerobic energy supply, marked decreases in power-generating
capacity are noted and performance usually is impaired (42, 45, 63, 83). One reason
that has been proposed to explain this impaired anaerobic performance is that the
development of LIEE can reduce the athlete’s ability to produce force in the high-
velocity, low-frequency region of the force-velocity curve (12). Changes to this region
of the force-velocity curve can interfere with the athlete’s ability to develop explosive
strength, which is required by many anaerobic activities (45). In particular, the ability
to achieve high rates of force development and to generate high levels of peak force can
be impaired by the implementation of an LIEE regime (figure 11.1). There also appears
to be a fiber type shift resulting in a decrease in the number of Type II muscle fibers
and an increase in Type I fibers when LIEE is the focus of the endurance development
program (154). LIEE training can also
impede muscular growth (108), which
JUUPRPPTETE + - will impair an athlete’s ability to gener-
ate high rates of force development (81),
maximize peak force-generating capacity
Peak force (N) (81),and optimize peak power generation
(45). The contemporary literature indi-
cates that LIEE training should not be
----- Pre-LIEE training used for athletes in sports that predomi-
= Post-LIEE training nantly rely on anaerobic energy supply,
require high levels of force production,
require high rates of force development,

> call for fast velocities of movement, or

=
ime (ms) require high levels of power output. LIEE

Figure 11.1 Force-time curve alterations to the training should be restricted to long-
development of low-intensity exercise endurance . duration activities that rely on aerobic

Adapted from Hékkinen and Myllyla 1990 (61) and Hakkinen
et al. 1989 (60).

energy supply, whereas other methods for
developing endurance should be used by
athletes in other types of sports.

High-Intensity Exercise Endurance

Sports that rely on anaerobic metabolism (see chapter 1 and table 1.2 on p. 28) usu-
ally require high power outputs or the repetitive performance of high-velocity move-
ments. Because anaerobic activities require higher power outputs than those seen
in aerobic activities, anaerobic activities can be classified as being of high intensity
(29, 148). Therefore, the ability to sustain and repeat high-intensity exercise bouts is
considered to be HIEE (147). The development of HIEE does not impair strength and
power-generating capacity, as typically occurs when LIEE is developed. One explana-
tion why HIEE does not reduce maximal strength and power development is that
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HIEE training tends to increase Type II muscle fiber content (38). Because Type II
fiber content is related to the maximal rate of force development (81, 85), maximal
force generation capacity (81), and the ability to generate peak power outputs (149),
it is easy to conclude that HIEE may be more beneficial for sports that rely on these
performance factors, especially if high-velocity or high-power movements are per-
formed repetitively. Several authors report that the use of high-intensity intervals can
significantly increase markers of both anaerobic and aerobic exercise endurance (95,
126, 152). Therefore, it is reccommended that an HIEE or interval training approach
be used to develop endurance for sports that require the repetitive performance of
high-intensity exercise (e.g., American football, soccer, basketball, ice hockey)(147).
HIEE training should not be limited to the development of anaerobic endurance,
because this type of training also has the potential to improve LIEE (87). The devel-
opment of HIEE with the use of high-intensity interval training appears to have a
profound effect on aerobic activities that typically rely on LIEE. For example, it has
been shown that 3K (+3%) (142) and 10K (4) running performance can be significantly
improved with high-intensity interval training. As well, 40 km cycle time-trial per-
formance has been increased significantly (+2.1-4.5%) with high-intensity interval
training (144, 145, 158). Several authors have suggested that increasing the quantity
of traditional LIEE training with elite athletes may not result in the necessary physi-
ological adaptations needed to improve performance (31, 64). Laursen and Jenkins
(87) suggested that high-intensity interval training or HIEE training may be war-
ranted for athletes who have established an LIEE training base. Therefore, it may be
beneficial to consider using HIEE training methods for athletes who participate in
aerobic sports that require repetitive performance over a long duration of time.

FACTORS AFFECTING AEROBIC ENDURANCE
PERFORMANCE

Several aspects of aerobic endurance are central in determining the athlete’s endur-
ance capacity (35, 75). These factors include the athlete’s aerobic power, lactate
threshold, economy of movement, and muscle fiber type (figure 11.2). Each factor
can be improved significantly with appropriate training methods (75, 87). To develop
appropriate aerobic endurance training programs, the coach and athlete must under-
stand the physiological responses associated with endurance performance.

Aerobic Power

Maximal aerobic power has long been considered to be a major factor in determin-
ing success in endurance sports (33, 131). However, aerobic power is not the only
determinant of sport performance (92). Aerobic power is measured as the highest
rate at which oxygen can be taken up and used by the body during maximal exercise
(56) and can also be defined as maximal oxygen uptake (VO,max) (9, 35). VO,max
values between 70 and 85 ml-kg'-min™ have been reported for elite endurance ath-
letes (34, 76) with women exhibiting an approximately 10% lower VO,max than their
male counterparts as a result of lower hemoglobin concentrations and higher body
fat percentages. Regardless of gender, the ability to achieve a high VO,max appears
to be affected by the functioning of the pulmonary system, the maximum cardiac
output, the oxygen-carrying capacity, and factors associated with the skeletal muscle
system (figure 11.3) (9).
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Figure 11.2 Model of the relationships between physiological factors and endurance performance.
Adapted from Bassett and Howley 2000 (9), Coyle 1995 (35), Paavolainen et al. 1999 (110), and Joyner and Coyle 2008 (76).

Pulmonary System

The pulmonary system appears to limit VO,max in very specific circumstances
(9, 120). For example, oxygen (O,) desaturation can occur in elite athletes who are
performing maximal work (39), because a high exercise cardiac output (Q = stroke
volume X heart rate) decreases the red blood cell (RBC) transit time through the
pulmonary capillary (9, 39). The decreased transit time for the RBC decreases the
time available to saturate the blood with O,, potentially limiting performance. Sup-
port for the contention that the pulmonary system can limit VO,max can be seen in
studies that have explored the effects of hyperoxia (120). If supplemental O, is sup-
plied, there is an increased O, “driving force,” which elevates VO, max as a result of
increased oxygen saturation (109, 120).

Similar performance impairments can be seen when exercise is performed at
moderately high altitudes (3,000-5,000 m) (9, 49). This altitude-induced reduction in
performance can be experienced in response to short-term (1-3 days) altitude expo-
sure, which can stimulate a reduction in O, saturation (23). A similar reduction in
performance and oxygen desaturation response can be seen in individuals who have
asthma (9). Like athletes, people with asthma who use supplemental O, experience an
increased driving force for O, diffusion (9). These data suggest that pulmonary gas
exchange can significantly limit an athlete’s ability to express a high VO,max (9).
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Figure 11.3 Factors affecting maximal aerobic power or maximal oxygen consumption.
(a-VO, difference) = arterial-mixed venous oxygen difference.
Adapted from Bassett and Howley 2000 (9), Coyle 1995 (35), and Joyner and Coyle 2008 (76).

Cardiac Output

Maximal aerobic power is strongly related to maximal cardiac output (Qmax) (75).
This relationship can be seen when comparing the typical Qmax and VO,max of
athletes with those values in untrained individuals (figure 11.4) (164). The Qmax is
a function of both the maximal heart rate and the volume of blood (stroke volume)
pumped by the heart (92, 164). Lower-level athletes and untrained individuals exhibita
linear increase in both stroke volume and exercise heart rate until approximately 40%
ofVOzmax (119, 160, 164), after which stroke volume plateaus or slightly increases,
and increases in heart rate determine increases in cardiac output (164). It is believed
that the plateau in cardiac output is a direct function of a decreased left ventricular
diastolic filling time, which can be seen with increasing exercise intensity (128).
Conversely, elite endurance athletes exhibit increases in both heart rate and cardiac
output in response to increasing exercise intensity (59, 164). The reason for this dis-
crepancy in stroke volume response between elite endurance athletes and trained or
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Figure 11.4 Comparison of (@) maximal oxygen consumption and (b) maximal cardiac
output between untrained, trained, and elite male distance runners.
Parts a-b adapted from Zhou et al. 2001 (164).

untrained individuals has yet to be determined, but it is generally accepted that elite
athletes exhibit higher Qmax values (9).

Because elite athletes exhibit a higher Qmax, it might be speculated that the differ-
ence between elite athletes, trained athletes, and untrained individuals rests in either
the ability to achieve maximal heart rates or the ability to increase stroke volume (9,
92). Maximum heart rate is slightly lower in elite athletes compared with nonathletes
(92, 164); therefore, it is likely that the main factor differentiating the Qmax between
athletes and nonathletes is the training-induced alterations in stroke volume (92).
The increase in stroke volume seen in athletes is likely related to an increase in end-
diastolic volume that occurs as a result of improved cardiac chamber compliance or
an increase in the distensibility of the pericardium (92). These data indicate that the
Qmax partially explains the differences in VOzmax between athletes and nonathletes.

Oxygen Transport

Another factor that can explain individual differences in VO,max is the capacity of
the cardiorespiratory system to transport oxygen (9). Alterations to the hemoglobin
(HDb) concentration can have a profound effect on O, transport to the working muscle
(15). For example, if athletes use blood transfusions to artificially increase their Hb
concentrations, a concomitant increase in VO,max and Qmax is seen (44). These
relationships among Hb concentration, VO,max, and Qmax partially explain why
blood doping is effective (15). Although doping appears to exert a profound effect
on the body’s ability to transport oxygen (15), it also appears that aerobic endurance
training can alter this ability (134).

Endurance training appears to reduce Hb concentration, hematocrit (Hct), and
red blood cell (RBC) count as a result of plasma volume expansion, which can begin
to occur after several days of prolonged training (135). Although there is a general
decrease in Hct and Hb concentration in response to endurance training, there is
an absolute increase in the Hb mass (133). The plasma volume increase noted with
endurance training decreases blood viscosity, which increases VOZmax as a result of
an increase in cardiac output that improves oxygen delivery to the working muscles
(134).
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Skeletal Muscle

The skeletal muscle can play a very important role in determining an athlete’s VO, max
(9). The VO, max appears to be related to the rate at which O, can be delivered to the
mitochondria (100). Several factors associated with skeletal muscles can affect their
ability to use O,, including the skeletal muscle fiber type (Type I vs. Type II), mito-
chondrial density, and capillary density.

Muscle Fiber Type Muscle fiber type appears to be significantly related to the
VO, max of elite athletes (98). Athletes who express higher VO,max values also appear
to have higher Type I fiber content. This phenomenon may be related to the different
capillary densities, mitochondrial content, and aerobic enzyme capacities seen
between Type I and Type Il fibers. TypeI fibers, which have a higher oxidative capacity,
have a greater capillary to fiber ratio as a result of being surrounded by more capillaries
compared with Type II fibers (165). Type I fibers also display a greater mitochondrial
density (127) and a greater reliance on aerobic enzyme activity (51, 70, 156). Finally,
there appears to be a general shift from Type II to Type I fiber content, an increase in
mitochondrial content,and an increased reliance on aerobic metabolism in response
to endurance training (127, 154). These endurance training-induced adaptations
appear to be related to the athlete’s training age; athletes who have trained longer
experience greater increases in capillary density and Type I fiber content and a greater
reliance on aerobic enzyme activity (127).

Mitochondrial Density The mitochondria are the sites within the muscle where O,
is consumed during oxidative metabolism (9). An increase in mitochondrial content
of the skeletal muscle may contribute to an increased VO,max as a result of a greater
extraction of O, from the blood (69). Exercise appears to be a powerful stimulator for
mitochondrial biogenesis (69, 161), and exercise-induced increases in mitochondrial
density may partially explain the improvements in VOZmaX seen with endurance
training (69). Theoretically, if the mitochondrial density is increased, a proportional
increase in O, extraction from the blood should occur (9). However, this does not
appear to be the case, because only modest increases in VO,max occur in response
to training (20-40%) even though there are marked increases in mitochondrial
enzymes (69). It is likely that training induces increases in mitochondrial enzymes,
which improves endurance performance (9). These enzymatic adaptations may
improve endurance performance via decreased lactate production during exercise
and an increase in fat oxidation, which results in a sparing of muscle glycogen and
blood glucose (69). Although mitochondrial enzyme adaptations to training result
in increases in endurance VO,max during whole-body exercise, it appears that
performance is most affected by oxygen delivery, not mitochondrial density (9).

Capillary Density Investigators have reported that a greater capillary density or
number corresponds to a higher VOZmaX (9, 26, 35, 132). It has been speculated
that VO,max depends on capillary density, or the number of capillaries per unit
of cross-sectional area of muscle (100). An increase in capillary density allows for a
maintenance or elongation of the RBC’s transient time through the capillary bed (130),
which would increase O, extraction at the tissue, called the arteriovenous oxygen
difference, or (a-v)O, difference, even when blood flow is elevated (9). Investigators
also have reported that athletes who possess higher capillary densities are able to
exercise for longer durations as a result of being able to tolerate anaerobic metabolism
and lactate formation better than athletes with lower capillary densities (76). This
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suggests that capillary density plays an important role in the delivery of O, to working

tissue and the removal of waste products created by the muscle.

Capillary density is increased in response to endurance training (36, 71, 130, 136,
151). This increase in capillary density appears to be tightly linked to the training
age of the athlete, where a greater training age relates to greater increases in capillary

density (127).

Lactate Threshold
It is well accepted that VO,max plays a role in endurance performance capabilities.
However, with elite athletes there is a narrow range between the VO, max of individual
athletes (18, 27), thus suggesting that the VO,max does not differentiate between the
performances of these athletes (14, 18). If, for example, two elite athletes with different
VO,max values are competing, the athlete who possess the lower VO,max may be able
to compensate for this by working at a higher percentage of her maximal capacity
(figure 11.5) (18, 33, 140). The percentage of VO,max at which an athlete can work
may be a more accurate predictor of performance. This percentage is called the per-
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Figure 11.5 Comparison of two athletes with the same \'/OZmax with different

lactate threshold and onset of blood lactate accumulation (OBLA) values.

Note: Athlete A can produce 300 W at his lactate threshold, whereas athlete B can produce 320
W. Thus, athlete B can work at a 6.7% higher work load. Power at lactate threshold has been

strongly correlated to endurance performance capacity (75).
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formance oxygen uptake, and it is limited by a combination of the individual’s lactate
threshold and VO,max (14, 35).

The performance oxygen uptake can also be considered as the highest amount of
work at which an equilibrium between lactate formation and buffering exists. This
equilibrium has also been termed the maximal lactate steady state (150). The point
at which this equilibrium becomes out of balance and lactate accumulation begins
to outweigh buffering capabilities is the anaerobic threshold (150). The anaerobic
threshold represents an intensity of exercise at which the body cannot meet its
energy demand through aerobic mechanisms, and anaerobic energy supply begins to
increase to maintain the intensity of exercise. In this scenario, the increase in lactate
production occurs as a result of an increased rate of formation of pyruvate from the
glycolytic system, which cannot be incorporated into oxidative metabolism, being
rapidly converted into lactic acid and then lactate (150).

A graded exercise test in which intensity is periodically increased coupled with
blood sampling can be used to create a lactate accumulation curve (figure 11.6).
The lactate accumulation curve shows that breakpoints in the formation of lactate
occur as the intensity of exercise increases (148). The intensity of exercise at which
a substantial increase in lactate accumulation begins to occur has been termed the
lactate threshold (14, 148, 150). The lactate threshold is defined as a 1 mM increase in
blood lactate accumulation above resting levels in response to a graded exercise test
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296 Periodization

(35, 162). In untrained subjects the lactate threshold occurs at approximately 50% to
60% ofVOzmax (25, 76, 148), whereas in trained subjects the lactate threshold can
occur between 75% and 90% of VO, max (76). The power output or velocity of movement
that can be maintained at the lactate threshold is a strong predictor of endurance
performance (43, 75). Dumke and colleagues (43) reported that the heart rate at lac-
tate threshold is similar to the heart rate during a 60 min cycle time trial performed
by trained cyclists. Strong evidence exists suggesting that the speed or power output
at the lactate threshold explains the vast majority of performance variance seen in
distance racing (9, 47, 48). It appears that coaches who work with endurance athletes
should quantify the lactate threshold and the heart rate and power or velocity values
associated with it.

A second breakpoint on the lactate accumulation curve is called the onset of blood
lactate accumulation (OBLA), which occurs at a fixed lactate value of 4 mM (138)
(figure 11.6). OBLA is much higher than the lactate threshold and corresponds to
an intensity of exercise that is much higher than that seen at the lactate threshold.
As with the lactate threshold, OBLA has been suggested to be a strong indicator of
endurance performance capabilities (14,43, 79). Dumke and colleagues (43) reported
that the heart rate at OBLA is similar to the heart rate during a 30 min time trial.

Both the lactate threshold and OBLA are sensitive to training (40, 75). Endurance
training has been shown to shift the lactate threshold to the right, which suggests
that a greater intensity of exercise (power or speed) can be performed without the
accumulation of lactate (75). It appears that continuous training at or slightly above
the lactate threshold is important to improve endurance performance as a result of
shifting OBLA and the lactate threshold (24, 65, 78, 139, 157). Anecdotal evidence
suggests that a well-balanced endurance training plan requires periodic training
at the lactate threshold via the use of “threshold” or “tempo” training to optimize
performance (75).

The lactate threshold and OBLA can also be shifted in response to high-intensity
interval training performed at intensities that are substantially higher than the lac-
tate threshold power, velocity, or heart rate (40, 65). High-intensity interval training
can require multiple high-intensity efforts (>80% of peak aerobic power) of various
durations (30 s to 8 min) interspersed with lower-intensity recovery (60 s to 4.5 min)
(87). The use of resistance training in the preparation of endurance athletes also has
been shown to improve the lactate threshold (77).

The lactate threshold is a primary determinant of endurance performance, and
understanding what heart rate, power, or velocity corresponds to the lactate threshold
can be very useful in designing endurance training programs.

Economy of Movement

Exercise economy is a key factor dictating endurance exercise performance. Exercise or
movement economy has been defined as the oxygen uptake required to perform exer-
cise at a given intensity (75) or the ratio of mechanical work done to energy expended
(9). The economy of movement and its effect on the energy cost of an exercise bout
may partially explain some of the differences in performance noted between athletes
who possess similar VO,max values (10). Close examination of athletes with similar
VO, max values suggests that there is a large interindividual variability in the oxygen
cost of submaximal exercise (75).

Thislarge interindividual difference is clearly seen when examining the variations
among oxygen costs when individuals run at a given submaximal speed (9, 19, 107).
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These individual differences appear to be affected by training status, because running
economy is significantly related to training status (75,97, 103, 107). Trained individu-
als express a greater exercise economy compared with their untrained counterparts
(107). In fact, the number of training years appears to be significantly correlated
(p < .05, r=.62) with running economy (97). It is speculated that over time, running
economy improves as a result of long-term skeletal muscle adaptations, such as the
transition of Type II fibers to Type I (117, 154), and metabolic changes that reduce
the energy cost for developing a particular repetitive level of force (103). Long-term
training has also been suggested to affect running economy as a result of changes
to anthropometric, biomechanical, and technical factors (5).

Training stimulus appears to play a significant role in the development of exercise
economy (9, 75, 103). The highest movement economies appear to occur at the speeds
or power outputs at which the athlete usually trains (75). It has been suggested that
these changes to running economy are related to the athlete’s volume of training (75).
This is clearly seen by the fact that more experienced athletes or athletes who have
accumulated more training miles express higher levels of exercise economy (74, 75).

High-intensity interval training has been suggested to significantly improve
running economy and VO, max, which are usually associated with improvements in
endurance performance (87). Performing interval running with intensities that range
between 93% and 106% of VO, max has been shown to improve running economy (103).
Support for this contention can be found in the work of Franch and colleagues (53);
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High-intensity interval training can improve running economy, increase VOzmax,
raise the lactate threshold, and improve soccer playing ability.
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in that study, 6 weeks of long intervals, which consisted of four to six sets of 4 min
intervals (4.6 m/s) separated by 2 min rest, resulted in a 6.0% increase in VO,max
and a 3% increase in running economy. In a study of soccer players, 8 weeks of aero-
bic interval training that consisted of four sets of 4 min sprint intervals (90-95% of
maximum heart rate) separated by 3 min of light jogging performed two times per
week resulted in a 6.7% increase in running economy, a 10.7% increase in VOZmaX, a
15.9% increase in the lactate threshold, a 24% increase in involvements with the ball
during a game, and a 3.5% increase in the ability to perform at a higher average heart
rate during a soccer match (62). Although this preliminary data suggest that high-
intensity intervals can improve running economy, more research is needed to clarify
the types of interval training that are most effective. It does appear that high-intensity
interval training should be incorporated into the training plans of both team sport
athletes and more traditional endurance athletes.

Another method for improving running economy in distance runners is the addi-
tion of strength or plyometric training (73, 110, 155). These improvements in run-
ning economy may occur as a result of an increased mechanical efficiency caused by
improved motor unit recruitment patterns, increased muscular strength, enhanced
rates of force development, and increases in tendon stiffness (73, 110, 155). Although
strength training appears to offer a great benefit for the endurance athlete, many
athletes worry about gaining weight because of training (103). This, however, should
not be of major concern because the contemporary literature on cell signaling sug-
gests that endurance training blunts the signaling pathways that would need to be
activated to induce significant gains in muscle mass (108). This can be clearly seen in
the literature exploring the effects of strength training on endurance performance,
where athletes typically see less than 1.0% increase in body mass as a result of an
increase in lean body mass (68, 110). Therefore, it may be warranted for endurance
athletes to include strength and plyometric training to optimize exercise economy
and ultimately endurance performance.

FACTORS AFFECTING ANAEROBIC
ENDURANCE PERFORMANCE

Several factors affect the athlete’s ability to repetitively perform high-intensity,
anaerobic bouts of exercise (3, 50, 84). These factors include the ability to prefer-
entially activate the anaerobic energy systems, the ability to buffer lactic acid, the
functioning of the cardiovascular system, and the ability to maintain neuromuscular
characteristics related to performance.

Bioenergetics

HIEE depends on the ability to repetitively perform high-power output activities
that preferentially activate the anaerobic energy systems (113). When the athlete
incorporates HIEE training into his training plan, he will experience physiological
adaptations that increase the concentration or activity of key enzymes of the phos-
phagen and glycolytic energy systems (3, S0).

Increases in muscular stores of ATP, phosphocreatine (PCr), and muscle glycogen
have been reported to occur in response to sprint or interval training (3, 50, 84).
These alterations in enzymatic properties appear to allow for a more rapid supply of
energy during high-intensity bouts of exercise, thus allowing the athlete to maintain
a higher level of performance.
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Lactic Acid—-Buffering Capacity

One of the most important factors affecting an athlete’s ability to develop HIEE is
the ability to buffer lactic acid to lactate. The ability to buffer lactic acid or H" ions
has been suggested to be related to sprint performance ability (93, 159). It is well
documented that increases in H' ion concentration result in an inhibitory effect on
phosphofructokinase (PFK) (143). If these H ions are not buffered, the concomitant
reduction in PFK activity will reduce the ATP yield from glycolysis, thus reducing the
power output that can be maintained during the activity (87).

HIEE training methods such as sprint or interval training have been demonstrated
to increase the athlete’s buffering capacities (101, 159). These increases in buffering
capacity enable the body to maintain energetic flux ata rapid rate and thus maintain
high-power performance typically seen in sports that rely on HIEE. Therefore, if the
bioenergetic profile of the sporting activity indicates a need for HIEE, the training
program must include interventions that increase the athlete’s ability to buffer lactic
acid while maintaining the rate of energetic flux.

LIEE or aerobic training does not allow for the maximal development of the lactic
acid-buffering capacity (113). To increase this buffering capacity, the training plan
must stimulate the accumulation of H" ions, which only occurs if the fast glycolytic
systems are repetitively stimulated. Because LIEE primarily activates the aerobic
energy supply systems, especially when undertaken at intensities under the lactate
threshold, this training method holds little merit for the athlete who requires HIEE.
In fact, it is likely that incorporating LIEE training methods in the training plans of
anaerobic athletes will decrease HIEE (125).

Cardiovascular System

Oxidative metabolism and the cardiovascular system play an integral role in recovery
from high-intensity interval training, such as resistance or sprint interval training
(148). However, athletes who participate in sports that rely on HIEE should not
undergo LIEE training, because this training impairs anaerobic performance capac-
ity (45).

Recent evidence clearly demonstrates that high-intensity interval training can
increase VO, max, stroke volume, and the ability to use oxidative metabolism during
recovery from interval training (87, 113). These adaptations appear to play an integral
role in the athlete’s ability to recover from repetitive bouts of high-intensity exercise.
Interestingly, the use of high-intensity interval training does not impair anaerobic
energetic supply during exercise or alter the neuromuscular activation patterns
typically seen in response to LIEE. Therefore, high-intensity interval training, when
implemented correctly, will allow for the cardiovascular system adaptations needed
for the development of HIEE. Accordingly, athletes who require HIEE in their sports
should not use LIEE training methods because high-intensity interval training will
supply the necessary adaptive stimulus need to optimize performance.

Neuromuscular System

High-intensity interval training does not interfere with the development of high force
or power outputs necessary for performance in sports that rely on HIEE. Conversely,
LIEE training decreases the athlete’s ability to produce force at the high-velocity,
low-frequency region of the force-velocity curve (13, 45). The force-time curve can
be shifted in response to LIEE training (figure 11.1). The impact of HIEE and LIEE



300 Periodization

training can be clearly seen in the differences in the force-time curve and electromyo-
graphic activation patterns seen in endurance, strength, and power athletes (61).

The rate of force development (RFD) appears to be affected by the type of
training used. For example, LIEE methods will substantially decrease the RFD and
the ability to generate peak forces (61). The ability to express high RFD appears to
depend on the energy system activated, the muscle fiber type, and the neuromuscular
recruitment pattern (45, 61).

The ability to rapidly release energy from ATP depends on the activity of adenosine
triphosphatase (ATPase), which is related to the myosin heavy chain (MHC) isoforms
(fiber type) (163). Muscle fibers that contain MHC Type X and Ila are considerably
faster than those containing MHC Type I (55). Endurance athletes usually contain a
higher MHC Type I concentration than sprint or strength athletes (163). LIEE train-
ing appears to increase MHC Type I isoforms (154), which could decrease the rate
of ATPase activity. This shift would impair the athlete’s ability to produce the high-
force and high-velocity movements that are necessary to maintain HIEE capabilities.
Conversely, the use of interval training methods will increase MHC Type Ila isoforms,
which allows the athlete to maintain force- and power-generating capacities (45). The
ability to generate force rapidly is an important component of HIEE. Thus, sprints
and interval training are the preferred methods of developing endurance for athletes
who participate in strength- and power-based sports.

METHODS FOR DEVELOPING ENDURANCE

Athletes can develop endurance by using a variety of methods that produce very
specific physiological and performance responses. When developing a training plan,
the coach must determine the type of endurance that the plan will target, because
methods of developing endurance are vastly different in their implementation and
physiological outcomes. For example, traditional methods to develop LIEE call for
continuous training performed at a variety of intensities ranging from 60% to 100%
of maximal heart rate (141). The use of high-intensity intervals has been reported to
improve LIEE (20, 21, 57, 58, 86-91), thus increasing the training options available to
the coach and athlete. Conversely, LIEE training methods appear to decrease HIEE
capacity, which would ultimately impede the performance of athletes who must
perform repetitive high-intensity or high-power movements during competition. The
coach and athlete must be aware of the different methods used to develop both LIEE
and HIEE and which kind of endurance is needed for various sports.

Low-Intensity or Aerobic Exercise

Several methods are available to develop endurance, and the choice usually depends
on the time of year and the athlete’s training goals (table 11.1). The development of
LIEE is a function of stimulating physiological adaptations that improve performance.
Traditionally, aerobic endurance is developed via the use of recovery exercise and long
slow distance training. However, other methods such as pace or tempo, interval, and
resistance training appear can be used to develop LIEE.

Active Rest

Active rest or recovery exercise is often used to stimulate recovery from high-intensity
training or competition. This type of activity requires a low exercise heart rate (<65%
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Table 11.1 Methods Used to Develop Low-intensity Exercise
Endurance

Recommended
frequency (times | Duration of
per week)* training portion Intensity
Training Heart rate VO, max
method (% max) (% max)
Active rest 1or2 30-60 min <60% <55%
Long slow 1or2 =30 min (race 60-70% 55-65%
distance (LSD) distance or longer)
Continuous pace | 1or2 20-30 min At lactate threshold heart rate
or tempo training and VO,
Interval training
Aerobic intervals | 1 or2 30-40 min total 80-85% or 100% Pmax
time (depending maximum
on structure)
Anaerobic 1or2 <2 min work bouts | Maximum Supermaximal
intervals (work rest interval
1:1-1:5)
Fartlek 1 >30 min Varies Varies

*Other training days contain other training methods or rest and recovery. Pmax= peak power at \702max.

of maximum) and lasts around 30 to 60 min (1, 141). One example of a recovery
exercise bout is running in water, which would couple active recovery with water
immersion (122, 123). This technique can be used several times per week depending
on the structure of the microcycle.

Long Slow Distance (LSD)

Long slow distance (LSD) training can be considered “conversation” exercise, where
the athlete is able to carry on a conversation without undue respiratory stress (118).
LSD training involves relatively high training mileages or distances that are performed
for a long duration (30-120 min or greater depending on the sport) at moderate to
low intensities (66-80% maximum heart rate; 55-75% VO,max) (103, 118, 129). LSD
training has been suggested to improve cardiovascular function, thermoregulatory
abilities, mitochondrial energy production, and oxidative capacity of the skeletal
muscle (30, 32, 41, 52, 69, 80, 118). These physiological adaptations to LSD training
have been consistently demonstrated in untrained individuals (87); however, these
physiological changes do not appear to occur as readily in highly trained endurance
athletes (31, 64, 87). It is likely that advanced endurance athletes will need higher
intensities of training, which may be accomplished via the use of interval training
methods (87).

The intensity of exercise during LSD training is markedly lower than that expe-
rienced during competition (118). Thus suggesting that higher-intensity training
methods, such as interval and Fartlek training, must be included in the training plan
to optimize performance. This is not to say that LSD training should be excluded
from the training plan of endurance athletes; this type of training appears to be very
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important in developing aerobic endurance (46). For example, Esteve-Lanao (46)
suggested that LSD training should make up a large portion of the training volume,
provided that high-intensity training is sufficient.

During the preparatory phase of an endurance training program, the main objec-
tive is to establish a physiological base (54, 141). The development of this physiological
base is accomplished via the use of long slow distance and aerobic interval training
(steady pace or tempo training) interspersed with active rest, passive rest, and resis-
tance training. A microcycle with an emphasis on establishing a base is presented
in table 11.2.

Interval Training

Interval training involves the repeated performance of short to long bouts of exer-
cise usually performed at or above the lactate threshold, or at the maximal lactate
steady state, interspersed with periods of low-intensity exercise or complete rest (16).
Although interval training was first made popular in the 1950s (124) and is definitely
not a new concept (16), contemporary sport science literature (20, 21, 86, 87, 91) has
stimulated an increased interest in the concept. This literature has revealed many
physiological reasons why interval training should be an integral part of the annual
training plan for athletes ranging from novice to elite (87).

Interval training can be subdivided into two broad categories: aerobic and anaero-
bic intervals (16, 17).

Aerobic Intervals

Aerobic interval training preferentially stresses the aerobic energy system (16) and
involves intensities that are at or slightly above the lactate threshold or those seen
during competition (118). Aerobic interval training has also been termed threshold train-
ing or pace or tempo training (118). Pace or tempo training can be performed continuously
or intermittently. For example, in a continuous pace or tempo training session, the
athlete would maintain a steady pace at or slightly above the lactate threshold for the
duration of the exercise bout. Conversely, pace or tempo intervals contain periods of
steady-state exercise similar to that seen in the continuous model, but in this model
the bouts are shorter and interspersed with brief periods of recovery (118). Examples
of aerobic interval workouts are presented in tables 11.3 and 11.4.

When the coach is designing an aerobic interval workout, it is recommended that
a graded exercise test be performed to establish the athlete’s maximal heart rate,
maximal power output or velocity, and lactate threshold. Integral to this process is
determining the time at which peak power or maximal velocity can be maintained,
which has been termed the Tmax (87, 91). Once the Tmax and the maximal power
output or velocity are established, then the interval durations and intensities can be
determined. It has been recommended that the duration of each interval correspond
to 60% of Tmax and be performed at peak power or velocity (91). The rest interval will
then be set as the time to reach 65% of the athlete’s maximal heart rate.

Aerobic intervals can also be set by prescribing a heart rate range or power range
that is performed for a predetermined duration (145). The rest interval can be preset
to specifically target the development of the aerobic system. For example, an athlete
may perform eight sets of aerobic intervals that last S min and are separated by 1
min of low-intensity active recovery. The intensity for this type of interval would
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Table 11.2 General Preparation Microcycle Emphasizing Long Slow Distance

Day Monday | Tuesday | Wednesday | Thursday | Friday Saturday | Sunday
Workout Rest day
Endurance training LSD Recovery Aerobic Recovery LSD Fartlek
intervals

Resistance training Resistance Resistance

training training
Total duration (min) 120 60 80 60 150 60-120
Interval duration (min) 120 60 15 60 150 =
Recovery (min) 0 0 5 0 0 —
Work/rest ratio 1:0 1:0 3:1 1:0 1:0 =
Intensity (beats/min) 131-139 | <131 140-146 <131 131-139 —

Note: The microcycle example is based on a weekly training volume of 10 hr, where the athlete’s heart rate at the lactate
threshold is 153 beats/min. LSD = long slow distance.

Based on Friel 2006 (54) and Potteiger 2000 (118).

Table 11.3 Two Aerobic Interval Workouts

AEROBIC INTERVAL FORMAT

Interval series 1

Interval series 2

Warm-up
Number of work intervals

Intensity

Duration

Rest interval
Work/rest interval
Cool-down

Total workout time

Frequency (times per week)

10-15 min
8

80% peak power*
80-85% maximum heart rate

5 min

1 min

5:1

10-15 min
67-77 min
1or2

10-15 min
8

100% peak power (413 W)

60% Tmax (~4 min)

Time to achieve 65% max heart rate (~2-4 min)

1:0.5-1:1
10-15 min
66-90 min
1or2

Note: Tmax = time to exhaustion at maximal velocity or power output.

*Peak power at VO,max.

Adapted from Stepto et al. 2001 (145) and Laursen et al. 2005 (89).

be between 80% and 85% of maximal heart rate or some percentage of the lactate
threshold heart rate.

Regardless of the method used, aerobic intervals can stimulate significant perfor-
mance gains and concomitant physiological adaptations when performed two times
a week for up to 4 weeks (87, 91, 145). Because of the large amount of physiological
and psychological stress that can be generated by aerobic interval training, the coach
should integrate recovery methods and lower-intensity training into the microcycle

to avoid overtraining the athlete. A sample microcycle is presented in table 11.5.
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Table 11.4 Pace or Tempo Workouts

Continuous pace or tempo
training

Intermittent pace or tempo
training

Warm-up (min)
Work bouts
Number
Duration (min)
Intensity (beats/min)
Recovery bouts
Number
Duration (min)

Intensity (beats/min)

15-20

1
30
153-156

0
0
<131

15-20

2
10
153-156

10
<131

Note: Based on a lactate threshold heart rate of 153 beats/min.
Adapted from Potteiger 2000 (118) and USA Cycling 2002 (1).

Table 11.5 Microcycle With Aerobic Intervals or Pace or Tempo Training

Day Monday | Tuesday | Wednesday | Thursday | Friday | Saturday | Sunday
Workout Rest day

Endurance LSD Pace tempo | Recovery | Fartlek | Aerobic LSD
training ride intervals
Resistance

training

Total duration 120 80 60 60-120 | 65 150
(min)

Interval 120 15 60 = 5 150
duration (min)

Recovery (min) 0 5 0 — 1 0
Work/rest ratio 1:0 31 1:0 = 5:1 1:0
Intensity 131-139 140-146 <131 — 80-85% 131-139
(beats/min) HRmax beats/min

Notes: This microcycle is based on a weekly training volume of 9-10 r, where the athlete’s heart rate at the lactate
threshold is 153 beats/min. LSD = long slow distance; HRmax = heart rate maximum.

Adapted from Friel 2006 (54) and Potteiger 2000 (118).

Anaerobic Intervals

Anaerobic interval training for the endurance athlete has recently received a large
amount of attention in the scientific literature (86-91). In this type of interval training,
the work duration is very short (<2 min) and the intensity is supramaximal (all-out or
above the power output achieved during the assessment of VO,max) (87). Anaerobic
interval training bouts that use 4 to 10 sets of 15 to 30 s of all-out work interspersed
with 45 s to 12 min of recovery have been shown to significantly increase VO,max,
anaerobic endurance, and stimulate many physiological adaptations that improve
performance in as little as 2 weeks (87). These types of training sessions are usually
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very intense and require the use of recovery methods and appropriate program varia-
tions to avoid overtraining. It is likely that this type of training can be very effective
when performed one or two times per week and integrated into the training plan. A
microcycle that incorporates anaerobic intervals is presented in table 11.6.

Repetition

Another interval training method has been termed the repetition method. The distances
used with this method can be either longer or shorter than the distance seen in com-
petition. Longer-duration intervals will shift the emphasis toward the development of
the aerobic energy systems, similar to aerobic interval training. Conversely, intervals
of shorter duration will increase the stress on the anaerobic energy systems, similar
to anaerobic interval training. Short bouts of very high intensity will require longer
rest intervals (118). The repetition method allows the athlete to improve running
speed, running economy, and HIEE.

Fartlek

Fartlek is the Swedish word for “speed play” and is a classic method for developing
endurance (98). This method of training is a rather unscientific combination of
interval and continuous training. For example, a runner may intersperse period of
fast running with slow running (98, 118, 141). This type of training can be under-
taken on flat ground or up and down hills (141). Fartlek does not call for specific
workloads or heart rates. Instead, this type of training relies on the subjective sense
of how the bout feels (98). Fartlek training may be most useful during the general
conditioning or preparatory phase of the annual training plan because it challenges

Table 11.6 Microcycle for a 10K Runner With Anaerobic Interval Training

Day Monday | Tuesday | Wednesday | Thursday | Friday Saturday | Sunday
Workout Rest day
Endurance Interval Recovery LSD Interval LSD Fartlek
training
Resistance
training
Total 30-40 60 min 120 min 30-40 45 min 45-60
duration min* min* min
Interval 30s 60 min 120 min 30s 45 min —
duration
Recovery 60 s 0 0 60 s 0 —
Number of 6 6
intervals
Work/rest 1:2 1:0 1:0 1:2 1:0 —
ratio
Intensity Maximal | <131 beats/ 131-139 Maximal | 131-139 —

min beats/min beats/min

Note: This microcycle is based on a weekly training volume of 5-6 hr, where the athlete’s heart rate at the lactate
threshold is 153 beats/min. LSD = long slow distance; HRmax = heart rate maximum.

*Includes 15 min of warm-up and cool-down.
Adapted from Friel 2006 (54) and Potteiger 2000 (118).
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the physiological systems of the body while eliminating the boredom and monotony
associated with daily training (98, 118).

Resistance Training

Resistance training can enhance the development of endurance. Traditionally, resis-
tance training has not been considered to be a very important part of the development
of LIEE (77). However, recent research evidence suggests that resistance training has
the potential to improve cycling (11, 96), running (73, 110, 153), and Nordic skiing (68,
111) performance. Resistance training has been suggested to affect VO, max, the lactate
threshold, economy of movement, and neuromuscular characteristics of endurance
athletes depending on their levels of training (77). For example, untrained individu-
als can experience improvements in LIEE as a result of improvements in VOZmax,
lactate threshold, and movement economy (77). In highly trained endurance athletes,
improvements in LIEE performance are most likely related to changes in the lactate
threshold (96), improvements in movement economy (110), and alterations to neuro-
muscular function (104, 153) (figure 11.7). It appears that incorporating resistance
training into the annual training plan for the endurance athlete holds some merit.

Endurance performance

—p f VOpmax ft lactate threshold f movement economy f high-intensity exercise endurance

Aerobic power and capacity Anaerobic power and capacity Neuromuscular capacity
1 oxygen transport ft glycolytic capacity f motor control
1 oxygen utilization -+—— 1 lactic acid production and buffering capacity .«—— { muscular strength

f PCr stores and utilization ft elasticity

ft rate of force development

Aerobic training Resistance training

Figure 11.7 Paradigm for concurrent resistance and endurance training in endurance athletes. PCr =
phosphocreatine.
Adapted from Paavolainen et al. 1999 (110) and Stone et al. 2006 (147).



Endurance Training 307

Incorporating resistance training into the annual training plan of an endurance
athlete appears to produce favorable performance responses (77, 147, 153). However,
care must be taken when introducing resistance training in an attempt to improve
LIEE performance. When resistance training is simply added to the preexisting endur-
ance training plan, performance usually is not improved (72). It is likely that adding
the resistance training load to the overall training load results in excessive training
stress, elevating fatigue and decreasing preparedness. Support for this contention can
be seen in the work of Jackson and colleagues (72), who reported that the addition of
resistance training to a cycling program resulted in a higher sense of fatigue, which
corresponded to a lack of performance gains. Investigators who report enhancement
of LIEE performance with concurrent resistance and endurance training typically
reduce some of the endurance training volume to accommodate the resistance train-
ing load (11, 104, 110). It is likely that a 19% to 37% reduction in endurance training
load is warranted when adding resistance training to the overall training plan to
stimulate performance gains (11, 104, 110).

METHODS FOR DEVELOPING HIGH-
INTENSITY EXERCISE ENDURANCE

The use of LIEE techniques will decrease performance capacity for athletes who par-
ticipate in sports that require the ability to repetitively produce high power outputs
(28, 45). Power-based sports fall into two classifications: (a) sports such as American
football and baseball, which require brief intermittent tasks that involve very large
power outputs and derive most of their energy from phosphate energy system, and (b)
sports such as soccer and basketball, which require repetitive high-intensity activities
and derive energy predominantly from phosphate and glycolytic energy systems (45).
In both types of sports, oxidative metabolism is important during recovery because
the replenishment of phosphocreatine and removal of lactate is an oxidative process
(22, 45). This reliance on oxidative metabolism during recovery is the foundation for
the classic argument that LIEE techniques are needed by athletes who participate in
anaerobic-based sports (28, 45). Although LIEE training enhances several physiologi-
cal factors that may improve the rate of recovery between bouts of exercise, the corre-
sponding decreases in anaerobic abilities and corresponding performance capacities
appear to outweigh the benefits of this training intervention (45). Anaerobic athletes
should avoid LIEE training and use other strategies that enhance performance and
recovery (113, 115). However, the development of HIEE can actually improve LIEE
performance, and thus the methods used by anaerobic athletes may benefit the aerobic
endurance athlete (87, 147).

One strategy for developing endurance that has recently been recommended is
the use of high-intensity interval training, because this allows for improvements
in anaerobic capacity, anaerobic power, and also aerobic capacity (87, 113). Interval
training is usually conducted by using sets of repetitions of sprints interspersed with
recovery intervals. The duration of these recovery intervals varies depending on the
bioenergetic system being targeted (28) (table 11.7). For example, an interval train-
ing program with a work-to-rest ratio of 1:1 would target the oxidative system (50),
whereas a work-to-rest ratio of 1:20 would target the phosphagen system (28, 148). The
use of an interval training program will be dictated by several factors including the
bioenergetic demands of the sport, the performance model established for the sport,
and the phase of the annual training plan. These factors can be addressed via the
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Table 11.7 Bioenergetic Characteristics of Interval Training

TYPICAL SAMPLE
INTERVAL INTERVAL
FORMAT FORMAT
Interval ratio | Work Work Rest Primary energy Maximum
(work to rest) | (s) Rest (s) | (s) (s) system used power (%)
1:12-1:20 5-10 60-200 | 5 60 ATP-PC 90-100
1:3-1:5 15-30 45-150 30 75 Fast glycolysis 75-90
1:3-1:4 60-180 | 180-720 | 60 180 Fast glycolysis, 30-75
slow glycolysis, and
oxidative*
1:1-1:3 >180 >180 180 180 Oxidative metabolism | 20-35

*The primary energy system used will vary depending on the length of the interval and the duration
of recovery.

Adapted from Conley 2000 (28) and Stone, Stone, and Sands 2007 (148).

manipulation of work-to-rest intervals, interval intensities, interval duration or dis-
tance, interval exercise volume, interval training duration, interval training frequency,
interval training progression, in-season maintenance, and resistance training.

Work-to-Rest Intervals

The work-to-rest interval may be dictated by the demands of the sport (113, 115).
It has been reported that the average work-to-rest interval in American football is
around 1:6, which is depicted as a work/rest (seconds/seconds) interval of 4.3:27.9
for rushing plays and 5.8:36.8 for passing plays (115). One study reported that there
were 12 to 13 plays per game (3.1-3.3 per quarter) with an average play length of 2 to
12 s (113). The vast majority of the plays lasted between 3 and 6 s (113) for an average
play length of around 4 s (112). This information led Plisk and Gambetta (115) to
suggest that a series of 10 to 16 sprints performed with a 3 to 5 s work interval and a
20 to 45 s recovery (1:6 work-to-rest interval) was an ideal interval training program
for this population.

Soccer provides another example of matching the work-to-rest interval in train-
ing. The literature suggests that a work-to-rest ratio of 1:6 is similar to that seen in
competition (7, 8) and demonstrates similar speed decrements as seen in a soccer
match (94). Soccer demonstrates work-to-rest ratios of approximately 1:7 to 8 with 3
to 4 s of work interspersed with lower-intensity exercise (94). Little and Williams (94)
suggested that 40 sets of 15 m sprints performed ata 1:6 work-to-rest ratio simulated
the physiological stress seen in soccer match play. The work-to-rest interval should
be prescribed based on the individual demands of the sport and in the context of the
phase of the training plan.

Once the coach has determined the work-to-rest interval required by a sport, she
can choose from several ways to implement an interval session into the training
plan. The first method is to use predetermined performance times to calculate the
appropriate rest interval duration (50, 113). Another method for determining the
rest interval is to use the time to a specific heart rate, such as 110 to 120 beats/min
(116). The rest intervals should be individualized as much as possible to give each
athlete the appropriate recovery duration and allow for the training stimulus needed
to target the bioenergetic factors specified by the training plan.
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Aclassicmistake thatmanycoaches ~ Table 11.8 Comparison of Two Athletes’
make is to train all their athletes in  |nterval Training Plans
one large group and base the recovery
duration on the fastest athlete. If this
practice is undertaken, the slower Intended work-to-rest ratio | 1:4 1:4
athletes will most likely be forced to
work at a lower work/rest ratio than
the fastest athlete, which would result Recovery duration (s) 20.8 20.8
in a harder training session and shift
the bioenergetic focus of the train-
ing session for these athletes (table These athletes are performing five sets of 40 m sprints, and
11.8). This practice can increase the }Qee)t(lme_for recovery is based on the faster athlete. Athlete B

o . periencing a harder training session because she has a

chance of overtraining and impedes  gshorter recovery period.
an athlete’s development. It may be
warranted to group the athletes by sprinting ability and then create rest interval
durations that are individualized for each group. This practice will ensure that each
athlete is using the appropriate work-to-rest ratio and receiving the planned physi-
ological stimulus.

Variable Athlete A Athlete B

Maximal 40 m time (s) 5.2 6.0

Actual work-to-rest ratio 1:4 1:3

Interval Intensities

The prescription of interval training intensities can significantly affect the perfor-
mance outcomes stimulated by the training plan. Using heart rate as an indicator of
performance intensity during an anaerobic interval training program is not recom-
mended because heart rate is poorly related to intensity in this scenario (113). It is
better to set training time goals based on the individual athlete’s maximal capacity,
which would then allow the coach to manipulate training intensity and determine
the rest interval (50, 113). For example, when attempting to develop a fitness base
the athlete may perform a high volume of sprints at 60% to 80% of maximal capacity.
Conversely, when shifting to more specific work in the later stages of the preparatory
phase of training, the athlete could increase the intensity of interval training to 80%
to 90% of maximal or competitive needs (116).

Establishing target times for a specific distance is an excellent tool for individual-
izing the intensity of the training bout. However, the athlete should be tested periodi-
cally so the coach can adjust the intensity of training. When using this method to
determine interval intensities, the coach should group athletes of similar capacities
(e.g., sprint times) because this will help the coach determine the appropriate work-
to-rest intervals and maximize each athlete’s physiological and performance gains.

Interval Duration or Distance

The quality of HIEE training is more important than the quantity (113). The dura-
tion and distance of the work portion of the interval training plan will depend on
the tactical model established for the individual sport (114). For example, Plisk (114)
reported that three sets of six or seven repeated 40 yd sprints with a work-to-rest ratio
of 1:6 would meet the metabolic demands of American football. It appears that this
intensity targets the phosphagen and glycolytic energy supply mechanisms better than
does the duration (148), so extending the duration or distance beyond that required
by the sport would be impractical and would likely induce maladaptive responses
(113). Therefore, the distance or duration of the interval should be matched to the
competitive model established for the sporting activity.
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Interval Exercise Volume

The interval training volume will be dictated by the phase of the annual training
plan, the targeted physiological adaptations, and the sport. The volume of interval
training will be higher during the early preparatory phase and decrease during the
competitive phase of the annual training plan. The scientific literature provides
limited information about the optimal volume of interval training needed to induce
physiological and performance adaptations.

Investigators have explored interval training volume schemes that require between 2
and 24 repetitions (87, 94) and as high as 40 repetitions (94). Some empirical evidence
has suggested that sprinters need between 10 and 20 repetitions per workout, whereas
middle-distance runners may need between 1.5 and 2.0 repetitions when performing
fast intervals and 2 to 3 repetitions when performing slow interval workouts (113).
Not enough scientific evidence is available regarding the effects of different interval
training volumes on performance to make volume-based recommendations. There-
fore, decisions about how to manipulate the training volume should be based on the
athlete’s needs and training-induced stress.

Interval Training Duration

Anaerobic interval training has been shown to stimulate significant physiological
adaptations in 2 to 15 weeks in previously untrained individuals depending on the
frequency, duration, and intensity of the interval program used (87). Elite cyclists
have demonstrated significant physiological adaptations and performance gains
in as little as 2 weeks of using a high-intensity interval training plan (86, 87, 144).
Although the literature has shown significant performance enhancement in both
cyclists and runners as a result of as little as 2 weeks of high-intensity interval train-
ing, further research is needed to establish guidelines for the duration of training
needed to optimize performance.

Interval Training Frequency

The scientific literature on high-intensity interval training has explored a variety of
training frequencies ranging from 2 to 7 days per week (87). However, little research
exists that defines the optimal frequency of interval training and how it relates to
the individual portions of a periodized annual plan. Empirical evidence suggests that
it may be practical to limit HIEE training to 2 or 3 days per week (113). This general
recommendation is warranted because HIEE training must be considered in conjunc-
tion with the other training modalities (e.g., strength, plyometric, agility, tactical,
and technical training) that are included in the annual training plan. If integrated
appropriately, HIEE can be addressed with skill, technique, or agility drills that can
also stimulate improvements in endurance (113). The coach should modulate the
training stimulus to allow for appropriate restoration while continuing to stimulate
physiological and performance-based adaptations across the annual training plan.

Interval Training Progression

Creating an HIEE training plan involves integrating several training factors (e.g.,
tactical, technical, strength, power, endurance) into the periodized program. The
coach can establish the basic progression of training after determining the work-to-
rest interval and endurance demands of the sport (114). The intensities and volumes
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used in the interval training plan depend on the phase of the annual training plan
and the method being used to develop HIEE. When the athlete is attempting to
develop a fitness base during the early portion of the preparatory phase of training,
the interval intensities should be lower and contain more extensive methods (table
11.9) (113). As the athlete progresses toward the season, she can use higher intensities
and lower volumes of training (table 11.9) (113, 114). In the later stages of the prepara-
tory phase and the early part of the competition phase of the annual training plan,
the athlete will begin to incorporate elements from the competitive trial method of
developing HIEE, which has also been termed special endurance (114, 116) (table 11.10).
As the competitive phase of the season progresses, the athlete uses specific strategies,
including various interval training and competitive trial methods, to maintain HIEE

capacity across the season.

Table 11.9
Endurance

Interval Characteristics for the Development of Speed

Interval method

Variable

CHARACTERISTIC

Novice athlete

Advanced athlete

Extensive

Intensive

Relative intensity

Intensity classification
Duration or distance
Volume

Target recovery heart
rate

Recovery duration

Relative intensity

Intensity classification
Duration or distance
Volume

Target recovery heart
rate

Recovery duration

60-80% of competitive
speed

Low to medium
17-100 s or 100-400 m
5-12 repetitions
110-120 beats/min

60-120 s

80-90% of competitive
speed

High

14-95 s or 100-400 m
4-8 repetitions
110-120 beats/min

120-240 s

60-80% of competitive
speed

Low to medium

14-180 s or 100-1,000 m
8-40 repetitions
125-130 beats/min

45-90 s

80-90% of competitive
speed

High

13-180 s or 100-1,000 m
4-12 repetitions
125-130 beats/min

90-180 s

Adapted from Plisk and Stone 2003 (116).

Table 11.10 Competitive Trial Methods of Developing High-Intensity
Exercise Endurance

Method

Intensity

Duration
or distance

Example for a 200 m
sprinter

Supramaximal training
Maximal training

Submaximal training

> Competition

< Competition

< Competition

< Competition
= Competition

> Competition

100 m sprint intervals
200 m sprint intervals

400 m sprint intervals

Adapted from Plisk and Stone 2003 (116) and Plisk 2008 (114).
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In-Season Maintenance

Over the course of the competitive season, the athlete can fall into a state of decondi-
tioning if special attention is not paid to integrating conditioning activities into her
competitive training schedule (84, 105, 113, 137). Support for this contention can be
found in the scientific literature, which suggests that when the volume of anaerobic
interval training (e.g., sprint and agility training) is significantly reduced or when
this training is eliminated altogether during the competitive season, there is a con-
comitant reduction in markers of fitness and muscle mass (105). The magnitude of
these decreases is likely to be different when comparing starters and nonstarters (84).
Thus specific HIEE conditioning strategies must be implemented in the in-season
training plan.

When examining in-season responses, the coach must first consider what hap-
pened in the 6 to 8 weeks before the initiation of the season. If acute overtraining
is induced during this time, a general catabolic state will predominate during the
season and performance capacity will decline (84). Even if the preseason training
plan is implemented appropriately, performance can decline during the season if
the HIEE is not appropriately incorporated into the in-season training plan (105).
The best approach is to include a combination of sport-specific practices, strength
training, and HIEE-based conditioning (137).

It is likely that HIEE can be trained in conjunction with sport-specific skills to
maximize training time. In soccer, for example, soccer-specific drills can be used
as a conditioning tool (121). Rampinini and colleagues (121) reported that using a

N - =9 .
." } .

In-season training is an important part of any training plan. Do not let deconditioning occur during
the competitive season.

© Human Kinetics
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three-sided training game on a large pitch can increase the exercise intensity to a
level similar to that seen in actual game play. Using this type of strategy will allow
the athlete to develop specific endurance that is closely related to the demands of
a soccer game. The training stimulus can be modified by manipulating the field
dimensions, number of players, and skills used during a small-sided soccer game in
an attempt to target conditioning goals while still practicing sport-specific skills in
an environment that models game play (121).

Although skill-based conditioning drills are important, it is equally important to
include strength training (105) in conjunction with HIEE and sprint agility training
to avoid the typical losses in performance capacity seen across a season (137). Differ-
ent training factors (e.g., HIEE, drills, and strength training) should be integrated to
avoid overtraining, because overtraining would only compound the typical degrada-
tion in performance seen across the season. The coach must allow for recovery (see
chapter S for techniques that can aid in recovery and regeneration) between training
sessions and competitive events (113). The coach must perform a balancing act by
providing an adequate training stimulus to maintain fitness and performance while
avoiding overtraining,

Resistance Training

Investigators have repeatedly shown that resistance training improves HIEE (66, 67,
99, 125, 147). Improvements in HIEE performance are likely related to increases in
muscular strength (2), morphological adaptations (113), or metabolic adaptations
that increase buffering capacity (102, 125).

HIEE performance is improved when the training plan includes resistance train-
ing with 12 or more repetitions per set (125). This improvement in performance is
most noted as the intensity of exercise is increased (66). Higher repetitions per set
(more than eight repetitions) performed for multiple sets appear to improve HIEE
more than do lower-repetition protocols or single-set protocols (51, 99, 146). HIEE
performance seems to be improved to a greater extent with high volumes (volume
loads) of resistance training.

Several authors have suggested that short rest intervals between sets of resistance
training can increase HIEE capacity (51, 146). This theory was recently supported by
Hill-Haas and colleagues (67), who demonstrated that a resistance training program
thatincluded short rest intervals (20 s) resulted in significantly greater HIEE perfor-
mance gains (+12.5%) compared with a resistance training program that used longer
rest intervals (80 s). It is likely that the program that included short rest intervals
increased the lactate-buffering capacity in response to resistance training as a result of
repeated exposure to high lactate levels that allowed for a greater HIEE performance.
Conversely, Robinson and colleagues (125) reported that short rest intervals (30 s)
did not result in greater improvements in HIEE performance compared with longer
rest intervals (180 s). Their findings suggested that simply increasing the volume of
resistance training was more effective at improving HIEE without comprising other
training-induced adaptations.

Both studies found muted strength gains in response to short rest intervals (67,
125). Because sprinting speed is highly correlated with muscular strength (6, 37),
the validity of decreasing the rest interval between sets may be questionable because
increasing volume and intensity of training appears to improve HIEE (99, 125).
Therefore, the coach and athlete should be cautious when manipulating rest inter-
val lengths because drastic decreases in interset rest intervals appear to impair the
development of strength.
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SUMMARY OF MAJOR CONCEPTS

All sports require some level of endurance, and the coach must determine the type of
endurance needed to optimize performance in a given sport. Endurance is classified
as low-intensity exercise endurance (LIEE) and high-intensity exercise endurance
(HIEE). LIEE is typically needed in aerobic sports that require work to be continually
performed for along duration. Conversely, HIEE requires the repetitive performance
of high-intensity activities interspersed with periods of recovery. Sports that rely on
HIEE also appear to rely on the ability to express high power outputs or generate
high levels of force. Interestingly, HIEE training methods appear to improve LIEE
performance, but LIEE training methods can reduce HIEE performance. Therefore,
the coach and athlete must understand the methods of training that optimize HIEE
and LIEE capacity.



CHAPTER

SPEED AND AGILITY
TRAINING

peed, agility, and speed endurance are crucial abilities that can affect perfor-
S mance in a variety of sports. These abilities are related and depend in large

part on the athlete’s muscular strength. Integrating speed, agility, and speed
endurance training into the annual training plan and manipulating specific training
variables can optimize performance capacity. Therefore, understanding the factors
that affect speed, agility, and speed endurance enables coaches to develop sport-
specific training plans that maximize performance.

SPEED TRAINING

Speed is the ability to cover a distance quickly. The ability to move quickly in a straight
line is an integral component of successful performance in a wide variety of sports (69,
81, 121, 120). Straight-line sprinting can be broken down into three phases: accelera-
tion, attainment of maximal speed, and maintenance of maximal speed (27, 81).

Acceleration is the ability to increase movement velocity in a minimum amount
of time (69). Acceleration determines sprint performance abilities over short distances
(e.g., 5 mand 10 m) and is usually measured as a velocity (e.g., m/s) or as a unit of time
(e.g., seconds or minutes) (83). The ability to accelerate differentiates between athletes
foravariety of sports (2, 27, 81). For example, during a 100 m race, untrained sprinters
achieve maximal speed within 10 to 36 m (27), whereas highly trained sprinters do
not attain maximal speed until around 80 m (2). It is likely that maximal strength
levels for the knee extensors partially explains the acceleratory abilities of various
athletes, because strength is strongly related to sprinting ability (6, 10, 18, 78, 79,
119). Support for this contention can be garnered from the literature, which reports
that faster sprinters are significantly stronger and are able to accelerate at faster rates
than their slower counterparts (6, 24, 74).

In many sports, such as soccer, the ability to accelerate underlies successful game
play (69, 83). During soccer game play, the average distance sprinted is around 17
m and ranges between 1.5 and 105 m (9). Often these sprints are initiated while the
athlete is moving at slower speeds (119) or when the athlete is making a breakaway

315
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Speed training isn’t just for track athletes. It
should be incorporated into training plans for
athletes in all sports.

AP PHo;(o/Mé-ti Dunham

orinitiating a tackle (83, 95). Therefore,
the ability to accelerate rapidly in the
first few steps is essential to effective
game play (83). These data reveal that
a sprint training program that targets
the acceleration phase should develop
specific strength characteristics and
mechanical skills (119).

After completing the acceleration
phase of a sprint, the athlete achieves
maximal runningvelocity. Athletes may
have greatacceleratory capacity butlack
the ability to achieve and maintain high
velocities in this phase of a sprint (119),
which suggests that acceleration and
the maximal speed of running are very
specific sprinting qualities (26). Differ-
ences in the kinematics of the accelera-
tory and maximal velocity portions of
a sprint support this observation and
suggest that running mechanics (83,
119) and specific strength qualities (74)
play a role in developing maximal run-
ning speed.

The final phase of a straight-line
sprint requires the athlete to maintain
maximal speed (27, 81). Although the
athlete is moving at maximal speed, the
development of fatigue begins to affect
the athlete’s ability to maintain force
output, effective running mechanics,
and thus speed (91). The fatigue gener-
ated duringabout of maximal sprinting
appears related to the body’s ability to
buffer the lactic acid that is formed in
response to the rapid glycolytic rate
(97). As lactic acid increases there is
an accumulation of hydrogen ions (H’),
which can reduce the athlete’s capacity

to exert force (106) and lead to a breakdown in running mechanics and mechanical
efficiency. Short- and long-interval-based sprinting programs appear effective in
improving muscle buffering capacity and reducing fatigue (25, 62, 97).

Speed is the expression of a set of skills and abilities that allow for high movement
velocities (91). Although it is often suggested that skills and abilities are unrelated,
they are highly related and thus can be developed with specific training practices
(91, 97, 98). The application of appropriate sprint training methods in conjunction
with a periodized training plan can improve sprint performance (e.g., acceleration,
achievement of maximal velocities, and maintenance of high velocities) and thus
improve competitive performance (81, 97).
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Factors Affecting the Expression of Speed

To develop speed, the coach and athlete must understand the factors that affect one’s
ability to generate high movement speeds. Sprinting ability is affected by several
physiological and performance factors, as described in the following paragraphs.

Energy Systems

Sprinting involves a rapid release of energy that allows for a high rate of cross-bridge
cycling within the muscle and a rapid and repetitive production of muscular force.
The body meets the energy demands of muscle under sprinting conditions by (a) alter-
ing the enzymatic activity of specific energy-producing pathways, (b) increasing the
amount of energy stored within the muscle, and (c) increasing the muscles’ ability to
overcome the accumulation of fatigue-inducing metabolites (97).

Enzymatic Activity All three of the body’s energy systems (e.g., phosphagen,
glycolytic, and oxidative) contribute to energy supply (72). However, the phosphagen
and glycolytic systems predominate during most sprinting activities (22). The degree
of contribution of the oxidative energy system depends on the duration, length,
and number of sprints performed as well as the rest interval between efforts (97).
For example, if the sprinting activity is long (230 s in duration) and repeated several
times with short rest intervals between bouts, the contribution of the oxidative energy
system will progressively increase (72). Therefore the enzymatic adaptations will be
very specific to the sprinting tasks performed in training (97).

The phosphagen system’s (ATP-PC) response to sprinting activities shows that
muscular stores of adenosine triphosphate (ATP) and phosphocreatine (PCr) can
be significantly reduced in response to bouts of sprint training (47). The rate of PCr
breakdown is significantly higher in the fastest sprinters (47), which may occur as a
result of an increased rate of creatine phosphokinase (CPK) activity in response
to sprint training (83, 87, 109). To meet the increased demand for ATP during sprint
training, an increased myokinase (MK) enzyme activity is stimulated, which may
increase the rate of ATP resynthesis (25, 97). This increase in MK activity has been
reported to occur in response to training with both short- and long-duration sprints
(25, 87).

Several key enzymes associated with the glycolytic system also are affected by vari-
ous forms of sprint training (97). For example, glycogen phosphorylase (PHOS),
the enzyme responsible for stimulating muscle glycogen breakdown, is increased in
response to both short (<10 s) and long (>10 s) bouts of sprinting (25, S5, 71, 87, 97).
Phosophofructokinase (PFK) activity (the enzyme that regulates the rate of the
glycolytic system) appears to increase in response to short-duration, long-duration,
or combination sprinting activities (19, 51, 71, 87, 96, 97). Changes in PFK activity
may be of particular importance because the rate of PFK activity has been related to
performance in high-intensity exercise such as sprinting (108). Finally, lactate dehy-
drogenase (LDH) activity has been shown to increase in response to both short- and
long-duration sprinting (19, 51, 71, 84, 94, 97).

The contribution of the oxidative system to an acute 10 s bout of sprinting is
considered to be minimal (713%) (13). However, during multiple sprints of a longer
duration (230 s) there is a significant decrease in the glycolytic energetic supply and
a concomitant decrease in maximal power output and speed (12), which may occur
in response to elevated H' concentrations slowing the glycolytic rate and allowing
for a decreased production of lactate. To meet the energy demands of the exercising



318 Periodization

muscle, the contribution of oxidative metabolism increases (8, 12, 104). However, the
contribution of oxidative metabolism to the energy supply is affected largely by the
duration of the sprint (8, 104) and the rest interval between bouts (7). For example,
longer sprints performed multiple times with short rest intervals will increase the
contribution of the oxidative systems to energy supply. With this increased energy
supply from oxidative metabolism, it is not surprising that there are increases in
succinate dehydrogenase and citrate synthase activity (key enzymes of the oxidative
system) in response to sprinting (19, 51, 71).

Short and long sprint interval training bouts can significantly increase the ath-
lete’s aerobic power (VOzmax) (62, 104). Thus high-intensity interval training is an
important tool for the development of sport-specific fitness for sports dominated
by both anaerobic (e.g., soccer, American football, basketball) and aerobic (e.g., long-
distance running, cycling, skiing) energy supplies. Although repetitive sprint bouts,
similar to those seen in competition, may have a large aerobic contribution, this does
not mean that long-distance aerobic training is the best way to develop fitness (46,
48). For example, Helgerud and colleagues (46) reported that high-intensity interval
training resulted in significantly greater increases in VO,max than traditional aerobic
training. This interval-based training increase in VO,max was related to significant
increases in running economy, distances covered, number of involvements with the
ball, and average work intensity during a soccer match (45).

The enzymatic alterations stimulated by sprint training may play an integral role
in facilitating rapid muscular contractions by allowing for a faster rate of ATP supply
from the glycolytic systems. Adaptation to multiple bouts of high-intensity sprint
intervals seems to produce a superior training stimulus, which appears to translate
to team sports play better than does traditional endurance training,

Energy Substrate Storage An increased availability of metabolic substrates (e.g., PCr,
ATP, and glycogen) prior to the initiation of an exercise bout may enhance the athlete’s
ability to perform or maintain high-intensity exercise (97, 113). Parra and colleagues
(87) reported that a short sprint protocol elevated resting PCr and glycogen levels,
whereas a long protocol elevated only resting glycogen levels. This suggests that the
sprint training program may alter the energy substrates stored in the muscle. These
changes to energy substrate storage may have contributed to the increases in sprint
performance noted in the investigation (87).

Accumulation of Fatigue Inducing Metabolites Lacticacid accumulationasaresult
of multiple sprint bouts appears to contribute to impaired sprinting performance
(68, 114). With an increase in lactic acid accumulation, there is an increase in H" ion
concentration (which can inhibit PFK activity) (43), a decrease in the Ca" transport
rate (65), and a decrease in the rate of cross bridge cycling within the skeletal muscle
(107). If the H"ions are not buffered, the ability to sprint, and more importantly to
repetitively sprint, will be impaired (62).

The use of high-intensity interval training has been demonstrated to result in an
increased buffering capacity (75, 114). With this increased buffering capacity, there
is an increased ability to maintain energetic flux and thus to maintain high power
output performance, such as sprinting. Thererfore, when developing a physiological
base for sprint and agility performance, it is important to include high-intensity
interval training in the overall training plan as it has the ability to increase buffering
capacity, which allows the body to deal with the accumulation of metabolic fatigue
inducing factors such as lactic acid or H'". For more information on the increasing
endurance and buffering capacity, refer to chapter 11 of this text.
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Neuromuscular Systems

The morphological characteristics of the muscle as well as adaptations to neural
activation patterns can play a significant role in the expression of high-velocity move-
ments. Traditional literature has suggested that performance in sprinting activities
depends largely on genetic factors, but recent literature suggests that muscle fiber
characteristics as well as neural activation patterns can be altered in response to
various training stimuli (98, 110-112, 116, 117).

Muscle Composition The muscle fiber type or composition appears to play a role
in determining sprint performance abilities. A higher percentage of Type IIb or IIx
myosin heavy chain (MHC) isoforms (fast twitch) is advantageous for activities that
require the expression of high power outputs or forces (17, 88), such as those seen in
sprinting. A continuum of muscle fiber MHC isoforms ranging from Type I (slow
twitch) to Type IIa, IIb, or ITx can be delineated, along with specific hybrids that exist
as transitional states (e.g., I/IIa, I/IIa/IIx, I1a/IIx) between the major subtypes (5, 89,
116). Within this continuum of individual MHC isoforms, a spectrum of force- and
power-generating capacity can be created (figure 12.1) in which Type I fibers exhibit
the lowest force- and power-generating capacity, whereas Type IIb or IIx MHC isoforms
are associated with the highest power- and force-generating capacity (16, 17).

Because of the relationships among power, force, and fiber type, it appears that
sprinting performance capacity may be partially explained by the athlete’s fiber type.
Support for this contention can be seen in the scientific literature, which suggests
that sprint performance is significantly correlated with the athlete’s percentage of
Type II fibers (25, 32, 78). Sprint-trained athletes appear to exhibit greater rates of
force development and force output than either untrained or endurance trained
individuals (41, 73), which may be related to a higher percentage of Type II fibers. In
fact, sprinters have been shown to have a high percentage of Type II fibers (23). Thus,
a potential explanation for improved sprinting performance may center on specific
training-induced adaptations to the muscle fiber composition.

The ability of sprint training to alter the muscle fiber depends partially on indi-
vidual differences and genetic predisposition to different types of training (31, 65,
67, 97). Prolonged endurance training usually induces a shift from Type II to a Type
I fiber composition (e.g., IIx or IIb = Ila = I), which is disadvantageous for sprint-
ing performance (111). Conversely, sprint training can increase Type II fiber content
(25, 31, 51, 52). Some types of sprint training induce a bidirectional shift toward

Type lIb or Type lIx (MHC) Type lla (MHC) Type | (MHC)
1. Highest power output 1. Intermediate power 1. Lowest power output
2. Highest force - output 2. Lowest force -
generating capacity 2. Intermediate force - generating capacity

generating capacity

Figure 121 Power output and force-generating capacity by muscle fiber myosin heavy chain
(MHC) subtype.
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Type Ila fibers (I = ITa <= IIb or IIx) (3, 4, 97). However, it appears that this favorable
adaptation to the muscle fiber composition can be muted if endurance training is
included in the training plan (97). Providing insufficient rest between repetitions
or sets of sprinting efforts (44, 66, 97) and including only long-duration sprints
(19, 64, 97, 103) result in a fiber type transition similar to that seen with endurance
training. Given this information, coaches must carefully consider the content of the
periodized training program. The first program concern is that traditional endurance
training, such as long slow distance work, should be avoided by athletes who must
express high levels of sprinting speed. Second, depending on the needs of the athlete
and the sport being trained for, the use of short rest intervals and longer sprinting
bouts should be reserved for the general preparatory phase of the annual training
plan. As the athlete progresses through the specific preparatory phase and into the
competitive phase, the use of shorter sprints with longer rest intervals will help the
athlete produce higher speeds of movement.

Neural Factors High-velocity movement, such as that used during maximal
intensity sprint performance, requires a high level of neural activation (29, 56, 86, 98).
Several neural factors influence sprinting ability, include the sequencing of muscle
activation, the stretch reflex, and the development of neural fatigue (98).

Muscle Activation When performing a sprinting motion a multitude of different
muscles are activated at specific times and intensities to optimize movement speed
(98). It appears that training results in a refinement of neural innervations’ patterns
and a more developed and efficient motor program (76, 98). It appears that the ratio of
contribution of co-agonist muscles is altered with changes in muscle contraction speed
(20, 98). Alterations to the stretch shortening cycle (SSC) have also been reported
(98) and appear to contribute to propulsive forces during running (29). Finally, the
ability to fully or selectively recruit Type II muscle fibers may be important when
optimizing sprint performance capacity (98). Engaging in training practices that
use ballistic or explosive activities such as sprinting, weightlifting, and plyometrics
may alter the motor unit recruitment pattern so that Type II fibers are recruited
sooner (40).

Stretch Reflex Short latency stretch reflexes appear to influence sprint running
performance (98). In particular, the stretch reflex appears to enhance force
production when the athlete is sprinting. During the nonsupport phase of sprinting
(discussed further in the section titled Technical Systems), the numerous muscles
involved in the development of force are activated (36) and there is an increase in
muscle spindle sensitivity (37,42, 98). Training-induced adaptations to muscle spindle
sensitivity may occur in response to sprint training (58, 59) and can improve muscle
stiffness upon ground contact (98). Increases in the tendomuscular system stiffness
appear to be related to both maximal running velocity and speed maintenance (21,
70). Increases in tendomuscular system stiffness appear to decrease contact time
during the support phase of sprinting by increasing the rate of force development
and the peak forces generated during this time (98).

Neural Fatigue Neural fatigue can affect sprint performance by reducing voluntary
force-generating capacity (94). As fatigue manifests itself during a maximal 100 m
sprint there is a slight decline in speed, especially in the later stages of the race, which
corresponds to a decrease in stride rate (2, 98). Ross and colleagues (98) suggested
that this reduction in stride rate is the result of neural fatigue, whereby motor unit
recruitment patterns are altered and change the motor unit firing rate (98).
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During sprinting, such asa 100 m dash, there is a preferential recruitment of Type
IT (fast twitch) fibers, which are particularly susceptible to acute neural fatigue as a
result of their short contraction times and high axial conduction velocities (80). As the
100 m dash progresses, there is a progressive reduction in recruitment that probably
occurs as a result of a less than optimal output from the motor cortex (98). A 4.9% to
8.7% reduction in muscle activation has been noted once maximal velocity has been
achieved during a 100 m dash. This reduction in recruitment may have occurred as a
result of fatigue of the neuromuscular junction, a decreased firing rate, or a reduction
in the recruitment of higher threshold motor units (Type IIb or IIx) (98).

Ross and colleagues (98) postulated that acute neural fatigue may decrease reflex
sensitivity. Even though it has yet to be demonstrated in response to sprint exercise,
it is possible that large volumes of traumatic stretch shortening can reduce reflex
sensitivity, which could reduce force output during running (98). This reduction in
force output could impair sprint performance.

Technical Systems

Sprinting is a ballistic activity in which a series of running strides launch the body
forward with maximal acceleration or velocity over some distance (91). Sprinting
contains two major phases: a nonsupport or flight phase and a support phase (1). The
nonsupport phase contains recovery and ground preparations, whereas the support
phase includes both eccentric breaking and concentric propulsion subphases (1, 91).
As an athlete sprints, she alternates between the nonsupport and support phases.
As the athlete enters the support phase, an eccentric breaking action precedes an
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The combination of a large stride length and a high stride rate can impact sprinting perfor-
mance.
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explosive concentric contraction. With increasing running speeds, the time spent in
the nonsupport phase generally increases and the time spent in the support phase
decreases (1). As the time spent in the support phase decreases, it becomes particularly
important that the athlete demonstrate high rates of force development very quickly
to maintain or continue to elevate running speed.

The speed at which an athlete runs or sprints depends largely on an interaction
between stride rate and stride length (61, 91, 119). As the athlete accelerates and
approaches maximal velocity, stride rate increases to a greater extent than stride
length (91). Stride rate appears to be more trainable than stride length (91), because
stride length is related to body height and length and appears to be very individual-
ized (77). However, elite sprinters tend to achieve a greater stride rate and stride length
in a shorter amount of time (91), suggesting that both stride rate and length can be
optimized with appropriate training interventions.

The phases of a sprint are the start, the acceleration, and the maximal velocity

phase.

Start Plisk (91) suggested that the optimal starting position is a medium heel-to-
toe stance, regardless of whether the athlete is in a two-point (standing) or three- or
four-point (crouching) stance. Initiating a sprint from the starting stance is then
accomplished by overcoming inertia through the explosive application of force with
the legs. The front leg extends while the rear leg is swung forward to the front of
the body to ready the body for a ground strike. At the same time the arm opposite
the leg that is swinging forward moves frontward and up with the elbow flexed at
approximately 90° and the hand moves toward the forehead (91). As the front leg
moves through the support phase and extends, the opposite arm should initially
swing backward prior to swinging forward (91). When the start is performed correctly,
the body moves forward and is at an angle of 45° or less from horizontal (91). Figure
12.2 shows the sprinting technique for the starting position.

Acceleration During the initial acceleration period from a static start, both stride
rate and length will increase during the first 15 to 20 m or 8 to 10 strides (91, 119).
However, it appears that stride frequency is of primary importance during this phase
(83). During the preliminary portion of the acceleration period, the body will have
a forward lean (<45°), which will progressively move to a more upright position as
the athlete approaches maximal velocity (119). Plisk (91) suggested that the forward
lean during the acceleration period allows the leg to be in what is termed a power line
position at the end of the drive phase. While in the power line position, the leg is fully
extended and is in line with the body’s longitudinal axis. Recovery from this position

Figure 12.2 Technique for the starting and acceleration subphases of sprinting.

Reprinted, by permission, from G. Schmolinsky, ed., 1993, Track and field: The East German textbook of athletics (Toronto:
Sport Books).
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is initiated by punching the knee in front of the hip to achieve a position in which the
thigh is perpendicular to the trunk while the lower leg is parallel to the trunk. As the
leg enters the support phase, it extends downward and back (91). During the support
phase the athlete will transition between an eccentric and concentric subphase with
the use of a stretch shortening cycle action (91). As the athlete accelerates, greater
vertical ground reaction forces must be developed to continue to accelerate (57). These
data seem to suggest that strength training, especially activities that improve the rate
of force development, is an essential component of a training program designed to
enhance sprinting performance.

The arm action during acceleration occurs with the arm flexed at approximately
90° and requires that the arm opposite the leg entering the support phase move
close to the body as the hand swings up and forward from the hip to shoulder height
(53, 63, 91). The arm motion should always originate from the shoulder and move
forward and back (63). These arm motions offset the axial momentum generated by
the contralateral leg and hip (91). The positions used in the acceleration phase are
shown in figure 12.2.

Maximal Velocity When maximal velocity is achieved (~15-20 m or 8-10 strides),
the trunk position will be more upright (figure 12.3) (91, 119) and the stride rate and
length will both contribute to the velocity of movement (81). During this phase, the
time spent in the nonsupport phase will be maximized by the application of vertical
ground reaction forces during the initial support phase to allow sufficient time for
the swinging leg to be repositioned in preparation for the transition into the next
support phase (115). Athletes who are able to apply higher vertical ground reaction
forces during the support phase of the maximal velocity portion of a sprint are able to
reach and maintain higher velocities of movement (81, 115). This further strengthens
the contention that muscular strength and strength training are essential components
of a periodized training plan that emphasizes speed development.

As the athlete enters the support phase, she will contact the ground directly beneath
or slightly in front of her center of gravity (91). While moving into the support phase,
the athlete will transition from an eccentric braking action into a concentric action
with the use of a stretch shortening cycle action (1, 91). During the concentric phase,
the athlete will perform a “triple extension” of the hip, knee, and ankle to properly
apply forces to the ground. After the triple extension is performed, the athlete will
then initiate a triple flexion of the ankle, knee, and hip, which will place the heel
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Figure 12.3 Technique for sprinting at maximal velocity.

Notes: | = early nonsupport, ii = mid nonsupport, iii = late nonsupport, iv = early support and v = late support.

Reprinted, by permission, from G. Schmolinsky, ed., 1993, Track and field: The East German textbook of athletics (Toronto:
Sport Books).
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close to the buttocks. This triple flexion motion allows the athlete to rapidly move
the knee to a position in front of the hip, effectively positioning the leg on the front
side of the body. This movement prepares the foot for a rapid descent and allows of
the athlete to maximize ground reaction forces as the foot moves down and back
during ground strike (91).

Fatigue

During sprint training, the athlete should be conscious of fatigue because the devel-
opment of fatigue can reduce sprint performance capacity. As fatigue is manifested,
stride rate can be decreased while stride length increases and the duration of the
ground support phase can increase. These events effectively decrease the effectiveness
of the stretch shortening cycle that is applied between the eccentric and concentric
subphases of the support phase (91). High levels of fatigue may also reduce ranges of
leg extension (91). These breakdowns in running mechanics may be partially explained
by the occurrence of metabolic fatigue (97).

Fatigue can reduce sprinting capacity, especially when a series of maximal sprints
are performed (98). This type of fatigue may occur as a result of supraspinal failure,
segmental afferent inhibition, depression of motor neuron excitability, loss of excita-
tion branch points, and a decreased ability of the neuromuscular junction to fully
activate the muscle (98). Neuromuscular fatigue can play a large role in reducing
sprinting speed.

Methods for Developing Speed and Speed
Endurance

Speed and speed endurance can be developed by manipulating a multitude of train-
ing factors. For example, the acceleration phase can be developed by targeting the
ATP-PC system and performing short sprints (20-80 m) at 90% to 95% of maximum
with longer recovery periods between repetitions and sets (33). Conversely, tempo
work in which longer distances (>200 m) are covered and lower intensities (<70% of
maximum) are interspersed with short rest intervals (<45 s) will develop the athlete’s
aerobic capacity (33). Table 12.1 gives examples of manipulations for the development
of several different aspects of speed and speed endurance.

AGILITY TRAINING

It is commonly accepted that the development of straight-line sprinting ability is
important for track-and-field athletes and athletes who participate in other field- or
court-based sports (e.g., soccer, American football, baseball) (101). As mentioned previ-
ously, this type of speed is developed by drills and activities that target acceleration,
maximal speed, and speed endurance (61, 91, 101). Although the ability to rapidly
accelerate is an important skill, the athlete must also be able to rapidly change direc-
tion in response to the sporting environment (11, 69).

The abilities to stop, rapidly change direction, and accelerate in response to an exter-
nal cue are required by many sports (11, 34, 69). These abilities can be considered as
an expression of agility (35, 69). Some literature uses the term gquickness synonymously
with agility or change-of-direction speed (82, 101). However, Sheppard and Young (101)
suggested that the definition of quickness does not consider deceleration or a change
of direction and that quickness in and of itself contributes to agility. The term cut-
tinghas been used to describe change-of-direction capabilities (101) and is sometimes
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Table 12.1 Methods for Developing Speed and Speed Endurance
TARGET ENERGY
SYSTEM Distance | % of RECOVERY TIME
Type of training Global Specific Objectives | (m) Best Repetitions | Sets
Speed Anaerobic | ATP-PC Speed 20-80 90-95 3-5 min 6-8 min
Glycolytic Anaerobic 20-80 95-100 | 3-5 min 6-8 min
power
Speed endurance Anaerobic | ATP-PC Short speed | 50-80 90-95 1-2 min 5-7 min
endurance
Power 50-80 95-100 | 2-3 min 7-10 min
Glycolytic Short speed | <80 90-95 1 min 3-4 min
endurance
Power <80 95-100 | 1 min 4 min
ATP-PC and | Speed 80-150 90-95 | 5-6 min
glycolytic endurance
Tempo | Extensive | Aerobic Oxidative Aerobic > 200 <70 <45s <2 min
metabolism | capacity
Aerobic > 100 70-79 30-90 s 2-3m
power
Intensive | Mix Glycolytic Anaerobic > 80 80-90 | 30sto5 min | 2-3 min
Oxidative CEIREEN
Special endurance | Anaerobic | ATP-PC and | Long speed | 150-300 | 90-95 10-12 min
glycolytic endurance
Glycolytic Anaerobic 150-300 95-100 | 12-15 min Full
power
Glycolytic Lactate 300-600 | 95-100 | Full Full
tolerance

Adapted, by permission, from W.H. Freeman, 2001, Peak when it counts: Periodization for American track & field, 4th ed. (Mountain
View, CA: Tafnews Press), 147.

falsely used to describe agility. This term only considers the change of direction, but
the change of direction is initiated by the foot’s ground contact (101). The literature
indicates that agility must consider not only speed but also the ability to decelerate,
change direction, and reaccelerate in response to stimuli.

Agility is a complex set of interdependent skills that converge for the athlete to
respond to an external stimulus with a rapid deceleration, change of direction, and
reacceleration (101, 120). Young and colleagues (120) and Sheppard and Young (101)
suggested that agility is affected by the athlete’s perceptual and decision-making
ability and her ability to quickly change direction (figure 12.4).

Perceptual and Decision-Making Factors

During competition, the athlete must be able to perceive a situation, make a decision,
and then change his direction of movement and speed in response to some external
stimulus. The ability to engage this process involves a complex interaction of visual
interpretation, anticipation, recognition of patterns, and knowledge of tactical situ-
ations (101, 120).
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Figure 12.4 Model of factors affecting agility.
Adapted from Young, James, and Montgomery 2002 (120), Sheppard and Young 2006 (101), and Plisk 2008 (91).

The ability to visually scan or focus while performing multidirectional tasks
appears to affect performance (90, 91). The ability to visually recognize a specific
action, process the ramifications of that action, and respond with the appropriate
change-of-direction or movement pattern differentiates between athletes (101). Knowl-
edge of the tactical situation and the ability to anticipate the potential movements
of the opponent also affect athlete’s ability to appropriately change direction (101).
Although it appears that perceptual decision-making factors can affect competition
agility, there is a paucity of scientific data on this relationship.

Because there appears to be a relationship between visual interpretation and
changes in direction, it may be warranted to include activities or drills that require
the athlete to perform a specific movement in response to a visual or auditory stimu-
lus (64). These activities can be integrated into both speed and agility training and
may translate into competitive play. However, research exploring the efficacy of such
training practices is limited.
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Change-of-Direction Speed

Three key factors affect the athlete’s ability to perform change-of-direction tasks:
technique, sprinting speed, and muscle characteristics (101, 120).

Technique

Leg action, arm action, and braking mechanics can all affect an athlete’s ability to
express agility in movements (91). When the athlete is accelerating or decelerating, the
body lean must increase to allow the base of support to move away from the athlete’s
center of gravity (91) while the center of gravity is lowered (101). These actions allow
the athlete to maintain dynamic stability (91) and change direction rapidly (101).
When initiating the deceleration action prior to the change of direction, the athlete
will decrease his stride length (99). Upon reacceleration, the athlete will progressively
increase both stride length and rate while the body position becomes more vertical
(91). It may be warranted for the athlete to run with a lower center of gravity and a
more pronounced forward lean when participating in sports that require frequent
changes in direction (99, 101).

Powerful arm actions are a fundamental component of multidirectional move-
ments (90, 91). As stated previously, the actions of the arm affect the athlete’s leg
drive when accelerating. When the athlete initiates a change in direction, the pow-
erful actions of the arms contribute to the leg drive (90, 91). If the arm drive is not
properly performed or is mistimed, speed may be reduced as a result of an inefficient
movement pattern (90, 91).

A key component in the ability to change direction is the ability to tolerate the
high eccentric forces that are generated when the athlete attempts to decelerate (91).
Several techniques can be used to develop the athlete’s ability to tolerate these eccen-
tric breaking loads. For example, the ability to tolerate eccentric forces is related to
muscular strength (49) and the technique used to initiate the change of direction
(90). It is recommended that the athlete contact the ground with the full foot to
maximize the surface area that is contacting the ground and reducing the eccentric
load by engaging the entire lower extremity (90).

Sprinting Speed

Some coaches believe that straight-line sprinting ability directly affects the athlete’s
ability to change direction (101). This is why many coaches use a lot of straight-line
sprinting to prepare their athletes. However, this practice may not be the best when
working with athletes in sports that require multidirectional tasks (121), such as
soccer or rugby. Straight-line sprinting ability explains only a small amount of the
variance seen with change-of-direction activities (101, 121, 120). It has been shown
that to maximize improvements in change-of-direction ability, the athlete must
incorporate these types of activities into his training (118, 121). When only straight-
line sprinting is used, there is virtually no improvement in performance of multidi-
rectional change-of-direction tasks (101, 121). The addition of the ball (e.g., soccer or
basketball) can significantly alter the athlete’s ability to perform multidirectional
tasks such as change-of-direction movements (101). Therefore, both straight-line
sprinting and change-of-direction tasks with and without implements (e.g., balls,
gloves) must be incorporated at various stages of the athlete’s development and
preparation for competition.
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Muscle Characteristics

Itis commonly accepted that muscular strength and power characteristics are related
to the ability to sprint (6, 24,49, 100, 101). There appears to be a relationship between
muscular strength and power and change-of-direction performance (34, 49, 84). For
example, Horiand colleagues (49) reported significant relationships between change-
of-direction performance and the hang power clean and maximal front squat. The
literature indicates that this relationship may be stronger with distinct change-of-
direction movements than with directional changes performed at speed over longer
durations (e.g., soccer forward) (101). The athlete should always strive to become
stronger and more powerful because this will translate into change-of-direction abil-
ity. Although it appears that the athlete’s muscular strength and power-generating
capacity plays a major role in change-of-direction performance, more research is
needed to elucidate this relationship.

Reactive strength or the ability to engage the stretch shortening cycle also appears
to contribute to the athlete’s ability to change direction (34, 120). The ability to
engage the stretch shortening cycle in response to eccentric loading allows for greater
forces to be generated during the concentric phase of a change-of-direction task (59).
The ability to engage this mechanism may allow for a more rapid acceleration when
changing direction. Therefore, it may be warranted to use plyometric activities, given
their strong relationship to change-of-direction performance (120), in the develop-
ment of athletes.

PROGRAM DESIGN

Developing a training plan involves planning at several distinct levels. These include
the microcycle (short term), the macrocycle (intermediate term), and the annual
training plan (long term). At each level of planning the coach must consider the
principles of developing speed and agility and understand the physiological and

performance responses to specific training variables.

Principles of Speed and Agility Development

When considering the development of speed, several principles must be considered
(28).

Quality Over Quantity

Speed training places a large physiological stress on the athlete (28). To maximize
training effects, speed training needs to be meticulously dosed and incorporate low
training volumes interspersed with long periods of restoration. Excessive use of sprint
activities will eventually result in overtraining. It is not wise to perform sprint and
agility training under conditions of excessive fatigue or with excessively short rest
intervals (91).

Proper Technique at All Times

To develop the appropriate movement patterns, the coach must emphasize proper
technique in all training activities. If the athlete performs drills with inadequate
technique, he will stabilize inappropriate movement patterns that will hinder the
development of speed and the expression of agility. Focus on proper technique should
begin during the warm-up and continue into the main body of the training session.
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If excessive fatigue causes technical breakdowns, it may be warranted to reduce the
training volume of that session.

Specificity of Speed and Agility Development

When developing speed and agility, the athlete should develop skills in relationship
to the demands of her sport. For example, it may be warranted for soccer players to
perform speed and agility activities with a ball because this will be a major component
of competitive performance. Coaches also should consider the bioenergetics, the work-
to-rest ratio, and the dynamics of the targeted sport when designing specific sprint
and agility sessions. The coach should develop specific sprint and agility activities
based on the needs of the sport. For example, the coach can use short side games or
the “dribble track” (see figure 6.18 on p. 144) in soccer because these activities will
more closely model what occurs in competition (47).

Develop the Supporting Characteristics

Many factors can contribute to the athlete’s ability to exhibit speed and effectively
perform change-of-direction movements (28,49, 101, 120). Coaches must understand
the bioenergetic demands of different sprint and agility training activities and how
they relate to the athlete’s targeted sport. Additional things to consider are the role
of strength training in the expression of speed and the development of change-of-
direction abilities.

© Human Kinetics

Cater agility training to your sport. That way, you'll develop sport-specific skills at the same time
you develop speed and agility.
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Feedback

Itis important that the athlete is given objective and subjective feedback throughout
the training process. Objective feedback can include recorded times and video analysis
of performance, whereas subjective feedback may include the concept of perceived
maximum speed (28). With novice athletes or when the skill set is complex, the coach
should provide constant feedback and reinforcement. This feedback appears to be
essential during the early stages of skills development, but as the athlete develops less
feedback is necessary. Consider providing information on proper performance and
methods for correcting errors. As the skill develops, feedback should be less frequent
and progress from qualitative to quantitative (91).

Motivation

To develop speed or agility, the athlete must be highly motivated (28). Sprint and
agility training produces a large amount of fatigue, especially when targeting speed
endurance (90, 91), and a motivated athlete is more likely to tolerate this type of
training. Motivation can be cultivated by providing feedback, especially feedback
that emphasizes the positive aspects of the athlete’s training, and by including the
athlete in the planning process. If the plan is implemented correctly, the athlete will
be more likely to push herself to higher levels.

Variables Associated With Training for Speed

or Agility

When integrating speed or agility training into the annual periodized training plan,
the coach should consider manipulating several training variables (91):

Density

The density of training is the amount of training that occurs within a given time
period (107). When considering a sprint, sprint endurance, or agility session, the
density is a ratio of the interval of exercise and relief within a set or series of sprints

(O1).

Duration and Distance

A run can be calculated in either seconds or minutes to determine the duration of
exercise. The distance traveled can also be quantified in meters or yards. For example,
if an athlete sprints 100 m (distance) in 22 s (duration), both distance and duration
have been determined and can be used to calculate an intensity factor.

The duration or distance of an activity determines the bioenergetic pathway tar-
geted as well as the specific quality targeted. Short-duration or short-distance activities
tend to target the phosphagen system and the development of acceleration or speed.
For example, acceleration is emphasized when the athlete runs short sprints (10-20
m) whereas maximum speed is targeted with longer sprints (>20 m). Elite sprinters
appear to reach maximal velocities after 5 to 6 s in about 45 to 55 m, whereas novice
sprinters attain top speeds by 20 to 30 m (91). If the sprint is extended, reliance on
the oxidative energy system will increase. Therefore, the distance and duration of
the sprint are important considerations when one is targeting acceleration, maximal
speed, or endurance characteristics.
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Exercise Order

The exercise order is the sequence in which specific training tasks are performed (91).
When prescribing the order of exercises in a speed, speed endurance, or agility session,
the coach must consider both the management of fatigue and the development of
fitness. Because sprint and agility training activities impose large metabolic, neuro-
muscular, and coordinative demands, they should be conducted when the athlete has
a minimal level of fatigue. The activities are best undertaken after a dynamic warm-
up that primes that athlete for the training bout and before more fatiguing bouts of
training are undertaken (60, 91). It is recommended that speed and agility training
be conducted after a recovery day or after a light technical workout to maximize the
training benefits while the athlete is under a minimal amount of fatigue (60).

Plisk (91) suggested that speed and agility training sessions are best structured
with brief work periods separated by frequent rest intervals that last between 2 and
3 min or contain a work-to-rest ratio between 1:12 and 1:20. An effective method for
performing this type of activity is the repetition method, which contains very short,
high-intensity work bouts performed for low volumes and long rest intervals that
maximize recovery and the development of speed and technical proficiency (91).
(See chapter 11 for more information on different interval methods.) It is possible to
create sessions that target speed and speed endurance, but the coach must take care
in ordering the exercises in these sessions.

Intensity

When an athlete is training for speed, speed endurance, or agility, the intensity is
often quantified in relation to maximal velocity or speed of movement.

Distance (m)

Intensity (m-s™) = Time (5)

According to this equation, if an athlete runs 100 m in 22 s she would have an
intensity of 4.5 m/s. Additional examples of the calculation of intensity for individual
sprints are presented in tables 12.2 and 12.3. The coach must consider that short
sprints performed at high velocities provide a higher-intensity bout of exercise.

Table 12.2 Determination of Volume Load and Average Intensity for
a Sprint Training Session

WORKOUT 1 WORKOUT 2
Distance Time | Intensity | Volume | Distance | Time | Intensity Volume
(m) (s) (m/s) load (m) (s) (m/s) load
200 48 417 833.33 | 400 79 5.06 2,025.32
200 35 5.71 1,142.86 | 400 89 4.49 1,797.75
200 36 5.56 1,111.11 200 42 4.76 952.38
200 39 513 1,025.64 | 200 40 5.00 1,000.00
Training intensity = 5.14 Training intensity = | 4.83
Training session volume load = | 4,112.94 | Training session volume load = | 5,775.45

Note: Volume load is in arbitrary units. Training intensity is the average velocity of the workout. Concept
based on methods presented by Plisk (91).
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Table 12.3 Training Zone Intensities for Sprint Training

Percentage
Zone maximal Velocity (m/s) Times (s) Intensity
6 >100 >4.5 >22.0 Supermaximal
5 90-100 41-4.5 24.4-22.0 Maximum
4 80-90 3.6-4.1 27.5-24.5 Heavy
3 70-80 3.2-3.6 31.4-27.5 Medium
2 50-70 2.3-3.3 44.0-31.4 Low
1 <50 <2.3 <44.0 Very low

Note: Times are based on a best 100 m time of 22 s.

When designing the training plan, the coach can establish intensity zones based
on the athlete’s best times in a prescribed distance (table 12.3). To create the inten-
sity zones, the coach would use the following formula to determine the percentage
maximum intensity (velocity):

Percent maximum velocity (m/s) = max intensity X percent

If the athlete had a maximum 100 m time of 22 s, her 90% max intensity would
be

90% maximum velocity (m/s) = 4.5 (m/s) X (0.90) = 4.1 (m/s)

If the training zone was set at 90% to 100% of maximum, the limits for time would
be calculated with the following equation:

Training time (s) = distance (m)/percentage maximum velocity (m/s)
90% training time (s) = 100 (m)/4.1 (m/s) = 24.4 (s)

Therefore, the training zone for a maximum day (90-100%) for this athlete would
require her to run 100 m in a time between 24.4 and 22.0 s. Further examples of the
training zones can be found in table 12.3.

Rest Intervals

Manipulation of the interrepetition and interset rest interval can significantly affect
the physiological stress and performance outcomes of a speed, speed endurance, or
agility training session. Long rest intervals (work/rest = 1:12-1:20) should be used
when targeting the development of absolute speed because they allow for a greater
replenishment of stored phosphagens and allow for the expression of maximal power
outputs. When targeting high-intensity interval endurance, the coach should use
shorter rest intervals (work/rest = 1:3-1:5). Finally, short rest intervals (work/rest =
1:1-1:3) are used when targeting the oxidative system (aerobic) (22, 92, 107). A sum-
mary of the effect of manipulating rest intervals can be found in chapter 11 and in
tables 11.7 to 11.9 (pp. 308-311).

When establishing the work-to-rest ratio, the coach can examine the work-to-rest
ratios that occur in the sporting event. For example, the work-to-rest ratio in rugby
games is between 1:1-1.9 and 1-1.9:1 (30), whereas American football generally has a
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work-to-rest ratio of 1:6 (92) and soccer exhibits a 1:7 to 1:8 work-to-rest ratio (69).
By determining these ratios, the coach can design the training program to target the
metabolic demands of the sport while also developing the appropriate speed charac-
teristics required for successful performance.

Sequenced Training Strategies

A multitude of factors that can contribute to the generation of fatigue should be con-
sidered when sequencing a training session, microcycle, or block of training. It may
be advisable to separate the training session into specific segments within the daily
training plan (60, 91). For example, the morning session (7:00 a.m.) after a recovery
day may focus on speed training and the afternoon session (4:00 p.m.) may target
speed endurance or strength training. Kurz (60) suggested allowing a minimum of
4 hr between sessions when structuring training in this fashion.

Plisk (91) suggested that speed and agility training has the potential to create
a large amount of neuromuscular and metabolic fatigue. Fatigue can hinder the
development of either speed or agility, so it is recommended that speed and agility
training be performed early in the training session and after a day of rest or a light
technical training day (60). Manipulating the daily training structure will allow the
athlete to better manage the fatigue developed in response to training. One strategy
that can elevate fitness and preparedness while minimizing fatigue is termed block
training (50) or sequenced training (91).

Sequenced training (or block training) is based on the idea that the delayed train-
ing effects of activities can modify the responses of other training activities (50, 91,
102). The idea that different abilities (aerobic endurance, maximal strength, anaerobic
endurance, strength endurance, and maximal speed) exhibit different rates of decay
(involution) is central to the sequencing of training (50). The length of time dedicated
to the preparation period will influence the rate of decay of training factors. The longer
the training program, or the preparation subphase of the annual training plan, the
more stable the physiological and performance adaptations and residuals (91). This
allows the athlete to maintain adaptations created in one training subphase with a
minimal emphasis or small volume load of training in the next training subphase.
This enables the athlete to place the major emphasis during the next subphase on
another training focus (14, 15, 50, 91, 102).

Sequenced training involves alternating the use of accumulation, transmutation,
and realization blocks or subphases of training to emphasize one major training
factor while minimizing the focus on other factors (table 12.4) (50). For example,

Table 12.4 Example Sequenced Training for Speed Development

TRAINING BLOCKS AND SEQUENCE
Factor Accumulation Transmutation Restitution
Primary focus Maximal strength Muscular power Speed and agility
Secondary focus Muscular power Speed and agility Muscular power
Tertiary focus Speed and agility Maximal strength Maximal strength
Duration (weeks) 2-4 2-4 1-2

Adapted from Issurin 2008 (50) and Plisk 2008 (91).
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during the accumulation period training may focus on the development of maximal
strength, whereas maintenance loads are used to develop muscular power and speed
and agility loads (50, 91). As the athlete moves to the next block (transmutation), the
emphasis shifts to developing muscular power while using maintenance loads for
both maximal strength and speed agility. Speed agility is emphasized during the
realization block, whereas maintenance loads are used for maximal strength- and
power-generating capacity. The sequenced training model is intended to alleviate the
cumulative fatigue problems that are typically seen when parallel training models
are used (91). The sequenced training model adapts well to sports that require a large
number of competitions or a long competitive phase (50).

Sequenced training is a major departure from traditional concurrent training
strategies (50, 91). It is essential that the blocks of training be sequenced appropriately
to allow each block to potentiate the next block (phase potentiation) because inap-
propriate sequencing will result in maladaptive responses that reduce the athlete’s
preparedness (91). Although this strategy of training is highly effective, it is best
suited for experienced athletes and should be avoided with novice or beginners (93,
91, 107). With novice and beginners, traditional concurrent training strategies are
recommended.

Training Intensity

The training intensity is associated with the rate of performing work or the rate at
which energy is expended (107). The higher the training intensity, the higher the rate
of performing work, which corresponds to higher energy expenditures. The training
intensity during sprint and agility training can be calculated as follows:

Training session volume load

Training intensity (m-s™') = i i —
Total distance covered in training

In table 12.2, an example training series is presented in which an athlete’s volume
load is 4,112.94 and the total distance covered during the training session is 800 m.

T . 41192.94
Training intensity (m-s') =—(5~-~——=5.14m"s'
800
Therefore, the training intensity of this session is 5.14 m/s. Note that as the volume
load increases, there is a general trend for the intensity or velocity of movement to
decrease.

Volume

The volume of training represents the amount of work performed in a training bout
and is often expressed as the total repetitions of a prescribed workload or task assign-
ment. The most accurate method for determining the volume of workload completed
in a training session is the volume load, which is a product of the intensity and
distance completed per repetition (91).

Volume Load

When looking at the interactive effects of intensity and volume, coaches and athletes
must have a quantifiable method for estimating training stress (91). Volume load is
an excellent indicator of training stress and is generally calculated as a product of
work volume and intensity (91, 107). In the context of sprint or agility training, the
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volume load of training can be determined using running speeds (intensity) and
distances covered (91), and in the following formula:

Sprint or agility training volume load = velocity (m/s) X distance (m)

As with resistance training (see chapter 10), when the intensity (speed) of the ses-
sion decreases the volume load will increase. An example calculation of volume load
can be found in table 12.2.

When the coach is designing the training plan, it may be warranted to predict the
volume load fluctuations for sprint training and integrate those volume loads with
those established for resistance training activities. If done appropriately, the inte-
gration of the training loads will allow for a superior management of fatigue while
maximizing fitness and preparedness for competition.

Periodization for Speed and Agility Training

A key aspect of implementing a speed and agility training plan is ensuring that the
training factors are integrated to allow the athlete to attain the training goals. The
annual training plan must be established and then broken into macrocycle and
microcycle structures. Developing a sprint program for a track athlete is somewhat
easier than developing a plan for a team sport athlete that must include agility, tech-
nical skills, and tactics.

Annual Training Plan

Developing a plan for speed and agility training begins with the development of the
annual training plan. As noted in chapter 6, key information is needed when devel-
oping the annual plan includes dates of important competitions and the individual
preparation, competition, and transition phases. The annual training plan will be
structured based on the sport’s characteristics. For example, a sprinter will typically
use a bi-cycle annual training plan, whereas a team sport athlete may not, depending
on league requirements.

The annual training plan for an elite sprinter uses a bi-cycle model in which two
major peaks are planned, whereas a mono-cycle structure may be warranted for less
developed sprinters (33). In the bi-cycle model presented in figure 12.5 the first peak,
for the indoor season, occurs on March 10, whereas the second peak, for the outdoor
season, is planned for September 1. This structure divides the training plan into two
distinct parts, or cycles, separated by a 3-week transition phase.

The dynamics of the annual plan structure for team sports can be vastly differ-
ent compared with an individual sports athlete, such as a sprinter. The competitive
phase is generally dictated by the league or conference in which the athlete’s team
competes. One of the rationales for using sequenced training models is to allow the
athlete to tolerate a longer competitive season (50). This is accomplished by rotating
through various blocks of training that are divided into various primary, secondary,
and tertiary emphases (table 12.5) (50, 91).

Figure 12.6 is an example of a sequenced annual training plan for a collegiate
soccer program. The annual training plan presented in figure 12.6 has a bi-cycle
structure in which major competitive emphasis occurs in competition phase 1. Note
that as with traditional annual training plans, the year is broken into preparation,
competition, and transition phases.
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Table 12.5 Annual Training Plan Phase Emphases for a Sprinter

PHASE OF THE ANNUAL TRAINING PLAN
Emphasis | General preparation Specific preparation Competition
Primary General endurance Anaerobic endurance Speed
emphasis
Strength endurance Short speed endurance | Speed endurance
General strength Long speed endurance
Secondary | Aerobic capacity Specific strength Special endurance
emphasis ) )
Aerobic power Speed Tactics
Flexibility Running technique Running technique
Tertiary Speed General endurance General strength
emphasis ) ) ) -
Anaerobic capacity Aerobic power Specific strength
Aerobic capacity Aerobic power
Flexibility Flexibility

Adapted, by permission, from W.H. Freeman, 2001, Peak when it counts: Periodization for American track
& field (Mountain View, CA: Tafnews Press), 147.

Macrocycle

In the annual training plan presented for a sprinter in figure 12.5, preparation phase
1 is substantially longer than preparation phase 2, as discussed in chapter 6. Prepa-
ration phase 1 contains two subphases, which are classified as general and specific
preparation. The general preparation phase targets conditioning with an emphasis
on anatomical adaptation or what is also referred to as strength endurance. A sec-
ondary emphasis is placed on tempo work, which targets both anaerobic and aerobic
development. In the early part of the general preparation work, long tempo work
or aerobic intervals are completed, whereas in the later stages of the phase short-
duration tempo work (anaerobic intervals) is used. As the athlete transitions into the
specific preparation subphase, a greater emphasis is placed on the development of
maximal strength and the use of anaerobic interval work. Anaerobic interval work is
then used to develop repetitive speed endurance. As the athlete transitions into the
competitive phase, the focus shifts to developing maximal speed while increasing
power-generating capacity and maintaining speed endurance.

The annual training plan can be structured to target aspects of the athlete’s
development depending on the phase of training. For example, during the general
preparation phase the primary emphasis is developing strength and general endur-
ance, whereas in the specific preparation phase anaerobic endurance as well as short
speed endurance is emphasized. When structuring the phases of the annual training
plan, the coach must consider the goals of each phase because this will dictate which
factors associated with sprinting are targeted. Table 12.5 gives an example of the
factors targeted in each phase of the annual training plan for a sprinter. Using this
table as a guide, one can then select different training activities from table 12.1 when
establishing a training plan. For example, in the general preparation phase, aerobic
capacity and power development is a secondary development emphasis. Selecting
extensive tempo work early in the phase would accomplish this goal. As the athlete
progresses through the phase, the distance covered can be shortened and intensive
tempo work can be used to tap both aerobic and anaerobic energy supply. Once the
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athlete shifts into the specific preparation phase, speed endurance activities such as
short speed activities can be selected.

One important factor to consider is that the use of long slow distance to develop
aerobic capacity is detrimental to the development of speed (92). It is best to develop
aerobic capacity and power or speed endurance by using extensive and intensive
tempo methods, which may also be termed aerobic and anaerobic intervals (92, 91).
Recent research suggests that these methods results in physiological adaptations
that improve speed endurance performance (62).

The dynamics of working with team sports creates additional issues at the macro-
cycle level because the training plan must include both technical and tactical activi-
ties in conjunction with activities that are designed to develop endurance, strength,
and sprint and agility capabilities. In the team sport example presented in figure
12.6, preparation phase 1 and competition phase 1 are significantly longer than
preparation phase 2 or competition phase 2. Preparation phase 1 contains a shorter
general preparation subphase with a greater emphasis placed on specific preparation.
Conversely, preparation phase 2 contains a significantly longer general preparation
phase. Each subphase is broken into macrocycles that contain blocks of training that
have specific primary emphases (focus in figure 12.6). For example, in macrocycle 1
the primary emphasis is placed on strength endurance, speed and agility, and speed
and agility endurance. Macrocycle 2 is broken into two blocks, with the first block
focusing primarily on maximal strength and speed and agility endurance and the
second block focusing primarily on power and endurance. Remember that although
each block has a primary focus, a major tenet of the sequenced or block system is to
use maintenance loads for other factors, as can be seen in figure 12.6.

An additional example of a sequenced training plan has been presented by Plisk
(91). Figure 12.7 shows a preparatory phase of training for a university or profes-
sional American football team based on Plisk’s work. Each block (macrocycle) is
distinguished by different frequencies and densities of training in regard to training
content (strength training, speed and agility, and speed endurance). In macrocycle
1 there is a large emphasis on strength training with 12 sessions (4 per microcycle),
whereas a secondary emphasis is placed on speed and agility and speed endurance
(2 per microcycle). The speed and agility and speed endurance work are done in the
same session, with emphasis being varied between sessions or in separate sessions

Dates Months May June July August

Weekstarting |11 [18 [26 [2 |9 [16 [23 [30 [7 |14 [21 |28 |4 [11
Periodization Macrocycles 1 2 3 4

Microcycles 1 2 3 4 5 6 7 8 9 10 |11 |12 |13 |14
Strength training Sessions 4 4 4 3 3 3 3 4 4 4 3 3 3 3
Speed and agility Sessions 2 2 2 3 3 3 3 2 2 2 3 3 3 3
Speed endurance Sessions 2 2 2 3 3 3 3 2 2 2 - - - -
Special endurance | Session - - - - - - - - - - 3 3 3 3

Figure 12.7 14-week sequenced preparation phase of training plan for university or professional American
football.
Adapted from Plisk 2008 (91) and Haff et al. 2004 (39).
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depending on time restraints. Speed endurance is developed in accordance with the
strategies of tactical metabolic training (92) where three or four repetitive bouts of
exercise that last no longer than 10 min are used to develop oxidative capacity and
the ability to buffer lactate (91). The durations used for speed endurance are similar
to the intensive tempo runs presented in table 12.1.

During macrocycle 2 the emphasis shifts, with a decreasing density and frequency
of strength training (12 sessions: 3 per microcycle) and an increase in the density
and frequency of both speed and agility training and speed endurance training. In
this macrocycle major emphasis is the development of speed endurance via the use
of 2 or 3 min interval bouts that are separated by 8 to 10 min of recovery (91). These
types of intervals are similar to the special endurance training practices presented
in table 12.1.

Once macrocycle 3 is initiated, the density and frequency of training increase for
strength training, whereas the density of both speed and agility training and special
endurance training decreases (activities that model the specifics of American football).
Activities such as intensive tempo training are used in this macrocycle to maintain
the oxidative and glycolytic adaptations established in previous macrocycles. This
is accomplished by using simulated quarters in which the exercise work-to-rest pat-
terns closely match whatis seen in a game of American football (39, 91, 92). In the last
macrocycle the density and frequency of strength training are reduced, whereas the
density and frequency of speed and agility training and special endurance training
(e.g., activities used in macrocycle 3) are maintained.

Microcycle

Once the characteristics of the macrocycle are established, the individual microcycles
can be constructed. One of the main factors dictating the construction of the micro-
cycles contained in a speed, agility, or speed endurance portion of an annual training
plan is the management of fatigue (91). The management of fatigue is important
because high levels of fatigue can affect the athlete’s ability to effectively perform
speed- and agility-based drills with appropriate technique. It is advisable that the
athlete perform speed- and agility-based activities under a minimal amount of fatigue
to maximize technical proficiency and allow for the mastery of skills. This requires
that the athlete perform these activities after completing an appropriate warm-up
that emphasizes a combination of general and specific warm-up activities (54); as
well, the coach must incorporate adequate rest between repetitions or sets. It may
be warranted to organize the different training components into multiple sessions
within the training day (figure 12.8).

Unlike speed and agility training, speed endurance training is designed to increase
the athlete’s ability to resist and tolerate fatigue. This is accomplished by specifically
taxing the metabolic systems (92, 91) by manipulating training variables such as the
work-to-rest interval, duration, and intensity of the sprint bout. Increasing the volume
of multiple bouts of sprinting can result in very specific metabolic adaptations that
can aid in the development of speed endurance.

When expanding the macrocycle structure for the American football example
presented in figure 12.7, the coach can construct a microcycle model (figure 12.8).
In this model sequenced training blocks are used with alterations in the density and
frequency of training for each training factor. Because multiple factors are trained on
the same day, fatigue management is important, so splitting the factors into distinct
training sessions within the day is warranted.
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Month | Macrocycle | Weeks | Emphasis Monday | Tuesday | Wednesday | Thursday | Friday | Saturday | Sunday
May 1 1-3 Strength training | ST ST ST ST
Speed and agility SA SA
Speed endurance | SE SE
Special
endurance
June |2 4-7 Strength training | ST ST ST
Speed and agility SA SA SA
Speed endurance | SE SE SE
Special
endurance
July 3 8-10 Strength training | ST ST ST ST
Speed and agility SA SA
Speed endurance
Special SPE SPE SPE
endurance
4 11-14 | Strength training | ST ST ST
August Speed and agility SA SA SA
Speed endurance
Special SPE SPE SPE
endurance

Figure 12.8 Microcycle structure for a 14-week sequenced preparation phase of training plan for university
or professional American football.
ST = strength training; SA= speed agility, SE= speed endurance, and SPE= special endurance. On days when multiple
activities are scheduled, the activities must be separated so that one factor is addressed in a morning session and the other
at least 4 hr later. If time constraints dictate that both factors must be trained in the same session, the priority item should be
addressed first. On days when SA and ST occur, the ST generally for this session focuses on upper-body activities.

Adapted from Plisk 2008 (91) and Haff et al. 2004 (39).

SUMMARY OF MAJOR CONCEPTS

The development of speed, agility, and speed endurance is important for the majority
of sports, so these important sport performance characteristics must be integrated
into the periodized training plan. Long-distance training methods will impede the
development of both speed and agility and should be avoided when attempting to
maximize these performance abilities. Both maximal strength and power are impor-
tant characteristics, which emphasizes the need for an integrated strength training
program for athletes who are attempting to maximize speed performance.

Some very specific movement mechanics are essential to maximizing an athlete’s
speed of movement (see Plisk 91) and facilitate change-of-direction activities. Although
speed plays a role in change-of-direction performance, change-of-direction or agil-
ity activities must be included in the periodized training plan. Simply practicing
straight-line running will not significantly improve agility. Many athletes spend large
amounts of time performing straight-line training tasks, but it may be warranted to
use more change-of-direction tasks that emphasize acceleration, deceleration, changes
in direction, and reacceleration activities. It also may be warranted to include the
implements used in competition (e.g., soccer ball, basketball).




	Book Cover
	Contents
	Part I: Training Theory
	Chapter 1: Basis for Training
	Scope of Training
	Objectives of Training
	Classification of Skills
	System of Training
	Adaptation
	Supercompensation Cycle and Adaptation
	Sources of Energy
	Summary of Major Concepts

	Chapter 2: Principles of Training
	Multilateral Development Versus Specialization
	Individualization
	Development of the Training Model
	Load Progression
	Sequence of the Training Load
	Summary of Major Concepts

	Chapter 3: Preparation for Training
	Physical Training
	Exercise for Physical Training
	Technical Training
	Tactical Training
	Theoretical Training
	Summary of Major Concepts

	Chapter 4: Variables of Training
	Volume
	Intensity
	Relationship Between Volume and Intensity
	Density
	Complexity
	Index of Overall Demand
	Summary of Major Concepts

	Chapter 5: Rest and Recovery
	Fatigue and Overtraining
	Recovery Theory
	Recovery Interventions and Modalities
	Summary of Major Concepts


	Part II Periodization of Training
	Chapter 6: Annual Training Plan
	Periodization
	Periodization of Biomotor Abilities
	Periodization of Strength Training
	Periodization of Endurance
	Periodization of Speed
	Integrated Periodization
	Annual Training Plan Phases and Characteristics
	Chart of the Annual Training Plan
	Criteria for Compiling an Annual Plan
	Summary of Major Concepts

	Chapter 7: Peaking for Competition
	Peaking
	Defining a Taper
	Competition Phase of the Annual Plan
	Summary of Major Concepts

	Chapter 8: Training Cycles
	Microcycle
	Macrocycle
	Summary of Major Concepts

	Chapter 9: Workout Planning
	Importance of Planning
	Planning Requirements
	Types of Training Plans
	Training Session
	Daily Cycle of Training
	Modeling the Training Session Plan
	Summary of Major Concepts


	Part III: Training Methods
	Chapter 10: Strength and Power Development
	Biomotor Abilities
	Strength
	Methods of Strength Training
	Manipulation of Training Variables
	Implementation of a Strength Training Regimen
	Summary of Major Concepts

	Chapter 11: Endurance Training
	Classification of Endurance
	Factors Affecting Aerobic Endurance Performance
	Factors Affecting Anaerobic Endurance Performance
	Methods for Developing Endurance
	Methods for Developing High-Intensity Exercise Endurance
	Summary of Major Concepts

	Chapter 12: Speed and Agility Training
	Speed Training
	Agility Training
	Program Design
	Summary of Major Concepts
	Appendix: Blank Charts for Annual and Four-Year Plans
	Glossary
	References


	Index
	About the Authors

