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Foundations of Exercise Science

The health, joie de vivre, and creativity of a
well-developed personality depend to a great
degree upon general fitness levels. Fitness is your
functional readiness and level of effectiveness that
are required for everything you do. It involves
the ability to adapt to the demands and stresses
of daily life and is directly related to the amount
and intensity of your physical activity. The term
fitness is used in many ways, and has many
dimensions, including physical, emotional, social,
and intellectual. The focus of this chapter will be
on physical fitness.

Physical fitness is more than just a concepr — it
is a way of life. It incorporates many components
important for health, such as cardiorespiratory
endurance; flexibility; muscular strength, power,
and endurance;* and body composition. Each
of these components offers unique benefits and
advantages that affect your health in a positive
way. Engaging in physical exercise provides

numerous benefits that help you control yoy;
weight, manage stress, and boost your immune
system, as well as protect you against disease. Nog
only does exercise help you look and feel good, by
it allows you to have fun while achieving a state of
health and vitality. Fitness need not be boring and
monotonous, or restricted to running and cycling;
there are many options available, and all you need
to do is discover what activities interest you most,
Exercise is one of the most important, and indeed,
most controllable, factors affecting your general
health.

General physical fitness forms the basis for
sportspecific fitness and is ultimately related to
it. High levels of general fitness are of utmost
importance to athletes who strive to achieve high
levels of performance. High levels of general fitness
constitute important prerequisites for the effective
and optimal development of sport:specific fitness.
Both develop on the basis of the training principles
governing exercise.

In order to get the most out of exercise and
physical activity, you need the basic knowledge and
an understanding about how to exercise properly
and most effectively. This chapter will provide
you with concepts related to components of fitness
and equip you with basic knowledge governing
training principles and their interrelationships.

Definition of Terms

Physical fithess can be defined as the ability of
the body to adjust to the demands and stresses
of physical effort and is thought to be a measure
of one’s physical health. In contrast, physical
activity is defined as “any movement carried out
by the skeletal muscles requiring energy.” The term
exercise is considered to be a subset of physical
activities that are planned, structured (usually
repetitive bodily movements), and designed to
improve or maintain physical fitness.

Although physical activity and physical fitness
are related measures, physical fitness should be
distinguished from physical activity. Physical
fitness is an achieved condition which limits the
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amount of physical activity that can be performed.
A physical activity such as walking, Cross-country
skiing, or swimming might be considered exercise
by an unfit person, while considered physical
activity by someone who is very fit. The point is
that a physical activity—exercise continuum exists.
It demonstrates the specific nature of exercise and
physical activity. How much activity, what type,
how intense, and how often one should exercise are
all important questions that should be considered
before any exercise program is designed. In what
follows, the terms exercise and physical activity are
used interchangeably.

Components of
Physical Fithess

Physical fitness is achieved when all of the physi-
ological systems of the body are functioning ef-
ficiently to meet the physical demands of everyday
activities. The components of physical fitness
include muscular strength, muscular and cardio-
respiratory endurance, flexibility, psychomotor
ability, as well as body composition (Figure 9.1).

Muscular Strength
Muscular strength is commonly measured
as a maximal value and can be defined as the
ability of a muscle or muscle group to exert force

against a resistance. Thus, strength and force are
synonymous. The force generated by a musculay
contraction may be applied against a movable
object, as in weightlifting, or against a fixed
object, such as the starting blocks in sprinting,
Force is the product of mass times acceleration
(F = ma) and when a force is applied through
a distance (D), work (W) is accomplished (W
= ED). It follows that the greater the mass of 3
muscle, the greater its capability of generating
force (see Chapter 4). Think of sports that require
great strength. Do the athletes that participate in
these sports have large muscles?

Power

As defined in Chapter 4, power is the ability to
overcome external resistance at a high rate of
muscular contraction. It is the force that can be
generated at speeds characteristic f the activity
to overcome gravity (see discussion on gravity in
Chapter 7) and thus accelerate the body or an
implement. The ability to exert force is in turn
dependent on muscular strength. Thus, power
is an important derivative of muscular strength
and is decisive in performance in most sports and
many recreational activities (Figure 9.2; also see
discussion on power in Chapter 4).

Muscular Endurance

Muscular endurance is defined as the ability of

When planning training, care must be taken
to include exercises that stimulate both the
agonists (working muscles) and the antagonists
(counter-acting muscles; see discussion on
muscle teamwork in Chapter 3). A program that
focuses only on increasing agonist strength tends
to shorten the agonist muscles and weaken the
antagonist muscles. This results in a change in
the proportion of strength between agonists and
antagonists which, under normal circumstances,
is well balanced. This shift in strength equilibrium
can result in impaired joint positions, and make

Agonist-Antagonist Training

articular cartilage and muscles (especially the
tendons) prone to disease and injury.

Thus, a program that includes exercises to
develop the biceps should also include exercises
to enhance the triceps; trunk extensor training
should be complemented with trunk flexor training.
This approach to strength training is referred to as
agonist-antagonist training (Figure 9.3).

To achieve a balanced development of
strength your strength program must assure a
balance between the training of agonists and
antagonists.
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a muscle or muscle group to sustain a given level
of force (static exercise) or to contract and relax
(dynamic exercise) repeatedly at a given resistance.
Static exercises involve sustained contractions,
which often compromise blood flow. As a result,
oxygen is rapidly used up and metabolic by-
products accumulate causing fatigue. Performing
a flexed arm hang will provide you with this
experience. Your heart and lungs do not have much
trouble performing during a flexed arm hang, but
your arm muscles (local muscle group) feel a
strong burning sensation and fatigue rapidly.

jities requiring explosive power.

In contrast to static exercises, dynamic exercises
involve continuous rhythmical contractions and
relaxations that allow for oxygen to be continually
delivered to the muscle and metabolic by-
products to be removed. Thus, other physiological
systems play a greater role and, depending upon
intensity, fatigue may take longer to develop. For
example, during cycling, in addition to your leg
muscles requiring muscular endurance, your
cardiorespiratory system is also involved. Exercises
that employ large muscle groups for prolonged
periods of time such as distance running, cross-
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country skiing, cycling, or swimming involve
cardiorespiratory endurance, another important
component of physical fitness (Figure 9.4).

Cardiorespiratory
Endurance

As its name implies, cardiorespiratory (also called
cardiovascular) endurance or fitness involves
both the heart (cardio) and the lung (respiratory)
systems. A major function of the cardiorespiratory
system is to provide oxygen to the tissues. The
maximal rate at which the body can take up,
transport, and utilize oxygen is known as aerobic
power or endurance which is expressed as maximal
oxygen uptake or VO,max. VO,max is also the
maximal rate of aerobic metabolism and is the

Cardiovascular endurance

single most important criterion of physical fitness
(see discussion on aerobic power in Chapter 5).
Cardiorespiratory fitness is the ability to
produce energy through an improved delivery of
oxygen to the working muscles. It is needed for
exertions over relatively longer periods of time
regardless of the activity. It is intimately related
to muscular endurance, as the working muscles
rely on the oxygen supply sent by the pumping
heart, delivered via the blood, and used by the
muscles. The major improvements or training
effects related to cardiorespiratory endurance were

discussed in Chapter 5.

Maximal Oxygen Uptake ( VOzmax)

VOzmax can be measured, estimated, or predicted
in many ways. Measuring the VO, max of a person

n muscular and




Foundations of Exercise Science

running on a treadmill involves having a person
run at a given speed or workload for a few minutes
(2-3 min) (Figure 9.5), while oxygen uptake or
consumption is measured over a period of time
(2-3 min) at each workload. The workload is
gradually increased by increasing the speed or
the treadmill slope. At each new workload, the
individual demand for oxygen increases, i.e., as
the workload is increased more oxygen is taken up
by the lungs, delivered by the heart, and utilized
by the muscles. However, eventually a point will
‘be reached where the increased workload cannot
be supported by an increase in oxygen uptake.
Oxygen consumption is said to have reached a
plateau or reached a maximal value. This plateau
is known as one’s VO, max.

Figure 9.5 Testing for

ax can only be carried out

Prediction of VO,max With each ney
workload, as more oxygen is required, the heart
will pump more blood, delivering more oxygen to
the exercising muscles. Thus, at each new workload
heart rate will also increase and eventually reach 5
maximal value. The linear relationship between
heart rate and workload that exists over a given
workload range is the basis for estimations of
predictions of VO, max.

Absolute VO,max VO, is expressed in an ab-
solute manner as a volume per unit time, litres per
minute (L/min). In general, an absolute VO, max
measurement is related to mass, especially muscle
mass. Larger individuals usually have higher
VOzmaX values due to their greater muscle mass.

a laboratory sefting.
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kilogram of body weight per minute. Using our
male rower and runner example, if the rower
weighed 90 kg and the runner weighed 68 kg,
then both have the same relative VOzmaX, 66 ml/
kg/min (this value was obtained by dividing their
absolute VO, max by their mass).

Flexibility

Have you ever wondered how gymnasts or ballet
dancers perform the splits or arch their spines so
far? This type of performance illustrates their
ability to perform movements that require a great
measure of flexibility.

Flexibility is defined as the ability of a joint to
move through its full range of motion. Flexibility
is determined primarily by joint structure and to a
lesser extent by muscle elasticity and length.

Connective tissue is the most important part
of muscle in terms of its flexibility. The main
structural protein in connective tissues is collagen.

Collagen fibres provide structure and support to
tissues, ligaments, tendons, and joints. Collagen
is a triple helix that can withstand very high

S tensﬂe forces. In addition

Flgure 9 6 Marathon runners are among the ‘7 ‘
~best When it comes to rela’uve VO ,max.

to collagen, another
protein known as
elastin  provides
an athlete with
stretching ability.

A number of

For example, it is not uncommon for elite male
rowers who are generally tall and muscular to
have VO, max values of approximately 6.0 L/
min. In contrast, shorter and comparatively
slighter runners might have VO,max values of
only 4.5 L/min.

Absolute measurements of VOZmaX are use-
ful for comparison within groups, but limited
when comparing two groups that differ in mass

factors such as age, sex,
and inactivity

can affect

flexibility.

Just compare the level of
Hexibility of a young and
active rhythmic gymnast (Figure 9.7)
to that of an elderly person with arthritis.
Flexibility promotes good joint health, slows
joint deterioration, and generally improves
quality of life for most individuals. It may

or body composition.

Relative VOzmax To account for differences
In mass, VOzmaX can also be expressed in a
relative manner, i.e., in relation to mass expressed
in kilograms. Thus, when comparing two athletes
playing different sports, it is often useful to divide
their absolute VO,max by their mass to obtain
relative VO,max values (Figure 9.6). When VO,
is expressed relative to mass, the units used are
expressed in mi/kg/min, thus indicating the
consumed volume of oxygen in millilitres per

asts are known
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| Fig‘ureVQ.‘S A. Active stretching. B. Passive stretching.

also prevent lower back p4in and injuries as well as
reduce the frequency and severity of injuries.

Active and Passive Flexibility

Flexibility can be active or passive. Active flex-
ibility is the range of movement generated by indi-
vidual effort, while passive flexibility is the range
of movement achieved with the help of external
forces (a partner, weight, rubber band, etc.). Pas-
sive flexibility exercises help achieve a wider range
of movement than do active flexibility exercises

(Figure 9.8).

Stretching Methods

There are three stretching methods: the staric,
dynamic, and proprioceptive neuromuscular fa-
cilitation methods.

Static Stretching Static stretching refers
to holding a fully stretched position, such as the
splits. Using this method, an athlete slowly relaxes
the muscles to be stretched and holds himself/
herself in a stretched position over 10-30 seconds.
The process may be enhanced by an assisting

partner. The process is repeated four to six times
for maximal efficiency.

Dynamic Stretching Dynamic or ballistic
stretching refers to rapidly moving a joint
through its full range of motion, such as the
arm of a baseball pitcher. The method involves
stretching with repetitive bouncing movements
using small intervals, rather than just one pull. An
athlete begins the first repetition over a relatively
small range of joint motion, gradually increasing
the amplitude range, reaching the maximal range
after 10-20 movements. The process is then
repeated three to five times, using body weight or
an assisting partner (Figure 9.9).

Pre-stretching The pre-stretching or
proprioceptive neuromuscular facilitation (PNF)
method exploits the natural protective reflex of
the muscle and its tendon sensors — the muscle
spindles and golgi tendon organs. It is regarded as
the most efficient stretching method.

The PNF method is carried out in three
phases with a partner.
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Strength Training and Flexibility

Some exercises may have a dual training effect
by developing both strength and flexibility. Arm
raising exercises from the mat, for instance,
involve little stretching; when performed from the
bench, however, the same exercise allows for a
far larger range and thus promotes the stretching
of the pectoral muscles in particular. Half-knee
bends, if overused, cause the quadriceps to
shorten; deep-knee bends help stretch them.

It is for this reason that weightlifters, who
must often assume very deep squatting positions
to clean or snatch heavy loads, have extremely
elastic leg muscles. Similarly, compstitive
swimmers develop extreme flexibility in their
shoulder girdles. Such examples show that,
under certain conditions, the same exercises may
develop both strength and flexibility. However,
the movement range around a joint must always
be exploited to its full capacity. If not, muscle
stretching will not occur; indeed, the muscle may
shorten, and strength training may then lead to
impaired flexibility. To achieve optimal flexibility
through strength training, you must exploit the
full range of joint movement that can be achieved
during any given exercise.

During the first active stretching phase, the
muscles to be stretched are actively pulled to the
very limit of the movement range. This initial
stretching  movement should be performed

slowly and continuously. This prevents the
muscle spindles from initiating the stretching
reflex and thus contracting the muscles.

Figure 9.9 Partner-assisted dynamic stretching.
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® In the second pre-tension phase, the trainee
exerts a full static resistance (a strong isometric
contraction) against partner resistance for
approximately seven seconds. This causes
the tendon golgi organs to release inhibitory
impulses which in turn cause an involuntary
relaxation of the muscles to be stretched.

® In the third passive stretching phase, the
partner pushes the body further into a stretched
position almost to the point of pain. This final
position is then held, with all muscles relaxed,
for approximately six seconds. The partner’s
pressure must be applied slowly and constantly
in order to prevent muscle spindles from
initiatihg a reflex contraction, which may cause
injury.

Body Combosition

Body composition refers to the amounts of
body constituents, such as fat, muscle, bone, and
other organs, and is regarded as one of the major
components of physical fitness. Of particular
interest are percentages of lean body mass and
far body mass. Typically, an active physically
fit individual has a lower percentage of body fat
than an inactive unfit person. The large number
of overweight young people in our society is a
cause for concern. Any fitness program, strength
or cardiovascular, should be designed with an aim
to help reduce body fat. For detailed information
about body composition, weight management,
and the effects of obesity see Chapter 12.

Psychomotor Ability

Successful athletes appear to move effortlessly.
In addition, they can respond easily or readily
to changes in their surroundings. To accomplish
this, athletes must monitor their environment,
collect information, make decisions, and execute
their movements. It is their psychomotor ability
that allows them to complete these tasks quickly
and accurately.

A high level of psychomotor ability serves
to integrate the workings of the central nervous

Flgure910ArcheryreqU|res (h‘a;nd _st’eadi'nesé
_ as well as undivided concentration.

system with the more physical components of
fitness. The body constantly monitors both its
internal and external environments, - collecting
information and making decisions about what
is relevant information and what is irrelevant
information.

The psychomotor domain may seem an unim-
portant component of physical fitness; however, it
is of utmost importance to effective functioning in
all environments.

Psychomotor abilities are many. The most sig-
nificant ones are reaction time and anticipation,
visual skills, hand—eye coordination, perception,
attention and concentration, balance, propriocep-
tion or muscle feeling, memory processes and
recall, and decision making (Figure 9.10). These
abilities are presented in more detail in Chapter

16.
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Components and
Principles of Fitness
Programs

Fitness training programs are based on several
closely related training components. These
components  follow well-established  training
principles that are intended to generate optimal
adaptation and performance improvements of
rrainees. These components and their principles
are the subjects of this section of the chapter.

The following interrelated training compo-
nents should be considered when designing a
comprehensive fitness program: training time,
frequency of exercise, intensity of exercise, vol-
ume of training, work-to-rest ratio, and the type
of exercise. Strength training also involves other
components vital to effective training: the order of
exercises used, number of repetitions per set and
number of sets, and the recovery or rest periods
between exercises. ‘

Training Components

Training Time

Training time refers to the total time devoted to
developing fitness. It is based on duration of each
training session and the frequency of training
during a week, month, or year.

Training Frequency

Training frequency depends on an individual’s
goals, abilities, and fitness level. Normally,
an athlete undertakes 3-10 strength = and
cardiorespiratory training sessions per week,
depending on the needs of his or her particular
Sports activity.

Depending on the overall goal of fitness
training, recreational athletes normally perform
2-6 sessions per week. If the goal is to maintain
certain levels of fitness, 2-3 sessions per week are
sufficient; however, if the goal is to reduce weight
or to increase strength and/or cardiorespiratory
fitness, 4-6 sessions are necessary.

Training Volume

Training volume is one of the most important
components of training. It refers to the sum total
of work performed during a training session or
phase of training and is measured in various units
depending upon the type of activity. In cyclic
movements (walking, running, swimming, and
so on), the total distance (in metres or kilometres)
in one workout or several workouts represents the
volume of training.

For various strength exercises using body
weight, the volume may refer to (a) the number of
all repetitions of each exercise (20 push-ups) or (b)
the sum total of all repetitions during a workout
(for example, 200 repetitions using 10 different
exercises within one circuit training session).

For weightlifting exercises using a barbell, the
volume is calculated on the basis of (a) the sum
total of all weight lifted per training session (for
example, 4.5 tons using 8 exercises) and (b) the
number of repetitions performed with a given load
(for example, 6 x 80 kg, or 3 x 6 x 80 kg).

Training Intensity

Training intensity is probably the most important
component of strength training. Generally, it
characterizes the degree of stimulation intensity
of exercise per unit of time. It is measured in
various units depending on the type of activity,
as follows:

Distance Covered: metres per second (m/s)
and kilometres per hour (km/h) for cyclic ac-
tivities, such as running, cross-country skiing,
cycling, etc.

Resistance to Be Overcomes: kilograms
(kg) lifted per unit of time (kg/min; kg/30 min,
etc.) in weightlifting using barbells, dumbbells,
etc.

Frequency of Movements: rate per unit
of time for acyclic activities, such as gymnastics,
figure skating, diving, ski jumping, ball games,
etc. (Figure 9.11).

Training intensity is always expressed as a
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" Figure 9.11 In figure skating, the intensity of
training is measured by the total number of
repetitions of -a movement per tinit of time (5:
min, 10 min, 30 min, efc.). g

5
A -

percentage of a trainee’s personal best or 100
percent performance in the activity when converted
to the units of measurement described previously.
This performance becomes the benchmark, the
starting point, for defining the various ranges of
relative intensities used in planning workouts.

1RM

In strength training, for example, a 100
percent performance expressed in kilograms
is the trainee’s maximal performance in
one repetition trial (1RM) for a specific lift or
exercise (for more on 1RM see Chapter 4). The
load intensity of strength training expressed as
a certain percentage of the 1RM represents an
athlete’s necessary effort in training. Thus, the
100 percent performance or 1RM of the athlete
becomes the starting point for defining the
various ranges of relative intensities used in the
planning of fraining.

Work-to-Rest Ratio

A work-to-rest ratio refers to the relationship
between the phases of work and rest during
training. It is not possible to work continuously
without a break throughout a training session
unless the intensity of exercise is relatively low.
Generally, the lower the intensity of exercise per
unit of time the shorter the rest periods required
by the working trainee. Conversely; the higher the
intensity of exercise per unit of time the longer the
rest periods that must be scheduled.

A trainee’s heart rate is normally used to
determine the length of rest between individual
sets and/or series of exercises. Depending upon
the fitness level of the trainee, after an incomplete
recovery period of about 30-180 seconds, the heart
rate may drop to about 120-140 beats per minute,
at which point exercising can resume.

Training intensity must always be considered
in connection with the other components of
training, such as the volume of exercise and type
of exercises used. Some of these relationships are
presented in Figure 9.12.

How Much Rest?

[n general,
designed to

training programs (methods)
improve endurance require

relatively short rests when the intensity of
exercise is relatively low. Training programs
(methods) designed to improve speed and
power require exercising at relatively high
intensity levels with extended rest intervals to
allow almost complete recovery.

Type of Exercise

The type of physical exercises used in fitness
programs is a decisive component for fitness
development. Exercises may differ considerably in
their spatial and dynamic structure, and in their
complexity and difficulty. In strength training,
for example, multiple possibilities of load selection
can be achieved by exercises using an athlete’s
own body weight, partner exercises (Figure 9.13),
and exercise with weights (i.e., dumbbells, round
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Figure 9.13 Partner exercises are cheap, effective, and fun.




