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MODULE 1 MODULE INTRODUCTION

COURSE GUIDE

Attaining and maintaining good health or keepirigsiin most cases a
matter of choice. The implication of this is that mdividual plays a
very significant role in taking care of his healtHowever, it is
important to note that one can only be wiling takd up this
responsibility if he or she is well informed ababe importance of
keeping fit. This course, therefore, provides samsal information
needed by an individual in other take responsybibt his or her health.

INTRODUCTION

Technological developments in recent times haveaed the physical
demands of daily activities like walking, doing cée such as cleaning,
washing, gardening and walking to the workplacej ahmbing the
stairs. Automation has made more time availablelé®ure pursuits.
Unfortunately, most of the newfound leisure timeused for sedentary
pursuits, whereas, the human body is designedtfenwus physical
activity. This has resulted in the decline of thedtional ability of the
human body. Exercise scientists and health prafeats strongly
believe that this increased physical inactivity hed to a rise in the
incidence of several degenerative disorders likertary heart diseases,
diabetes, hypertension, obesity and overweight, eopstrosis,
osteoarthritis, and some forms of cancer, like sireancer and colon
cancer. This trend in the deterioration of healtid ancrease in the
prevalence of these diseases can be arrested leasdt minimised if
people invest at least 30 minutes, three times ekw@ moderate-to-
vigorous physical activity.

COURSE OBJECTIVES
This course will enable us specifically to:

- Understand the concepts of physical activity, ptsisiitness, and
physical conditioning, their benefits, and theingmnents.

- Understand how the various body systems and orgdagt and
react to exercise.

- Enable you to choose the right exercises.

- Understand physical training, its effects on theyh@and how to
prevent injuries during training.

- Appreciate the relationships between the circujateystem,
respiratory system, and exercise.

- Familiarise yourself with various flexibility exases
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WORKING THROUGH THIS COURSE

Understanding this course requires that you readugh the course
material, unit by unit. At the end of the unit, eresthat you can achieve
the stated objectives at the beginning of each reatl. The course
material also provides you with references and ssiyons for further
reading. This is to enable avail yourself the oppdty of a deeper
understanding.

STUDY UNITS

There are 16 study units in this course divide®d isik modules. The
modules and units are presented as follows;

Module 1

Unit 1 Definition of Concepts: Physical ActivityitRess
Conditioning

Unit 2 Components of Physical Fitness

Module 2

Unit 1 Adaptation to Exercise

Unit 2 Conditioning Programmes

Unit 3 Choosing the Right Exercise

Module 3

Unit 1 Exercise and Fitness

Unit 2 Exercise and Body Reaction

Unit 3 Physical Fitness and Exercise Physiology

Module 4

Unit 1 Physical Training.

Unit 2 Effects of Physical Training

Unit 3 Preventing Injury

Module5

Unit 1 The Circulatory System and Exercise

Unit 2 Respiratory System and Exercise
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Module 6

Unit 1 Muscular Flexibility
Unit 2 Flexibility Exercises
Unit 3 Strength and Power Development

COURSE OUTLINE

Introduction

Definition of Physical Conditioning/Fitness/Egise
Components of Physical Fitness
Adaptations to Exercise

Conditioning Programmes

Choosing the Right Exercise

Exercise and Fitness

Exercise and Body Reactions

Physical Fithess and Exercise Physiology
10.  Physical Training

11. Effects of Physical Training

12.  Preventing Injury

13. The Circulatory System and Exercise

14. The Respiratory System and Exercise
15.  Muscular Flexibility

16.  Flexibility Exercises

17.  Strength and Power Development

©CoNok~wWNhE

MODULE 1 MODULE INTRODUCTION

Living healthy is important for every man. Thishiecause it takes good
health to achieve or attain any height in life. [iM@ a healthy life, it is
important to understand the concepts of what premgbod health. Part
of the concepts is explained in this module.
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Module 6

Unit 1 Muscular Flexibility
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Unit 3 Strength and Power Development
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MODULE 1

UNIT 1 DEFINITION OF CONCEPTS: PHYSICAL
ACTIVITY/FITNESY CONDITIONING

CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1  Meaning of Physical Activity
3.2  Meaning of Physical Fitness
3.3  Meaning of Physical Conditioning
3.4  Differences between Physical Activity, Fitnessd
Conditioning
3.5 Importance of Physical Activity, Fitness, anah@itioning
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

Scientific findings have shown that physical ineityi seriously
threatens the health and hasten the deterioraatenof the human body.
Movement and physical activity are basic functiorsvhich the human
organism was created. Advances in technology, hewewave almost
eliminated the necessity for physicaledion in daily life, and as such,
physical activity is no longer a natural part ofr @xistence. We now
live in an automated society, where most of theviies that used to
require strenuous exertiotan now be accomplished with the simple
pull of a handle or the push of a button. Howewaedespread interest in
health and preventive medicine in recent yearevg motivating people
to participate in organized fitness and wellnessg@mmes. The
growing number of participants across the globatisbuted primarily
to scientific evidence linking regular physical ety and positive
lifestyle habits to better health, longevity, gtalof life, and overall
wellbeing. An attempt is made in this unit to defiand explain the
concepts of physical activity, fithess, and comdtitng. The benefits of
these concepts are also highlighted in this unit.

20 OBJECTIVES
By the end of this unit, you will be able to:

o define physical activity
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define physical fithess
define physical conditioning

. differentiate physical activity from physical fite&e and physical
conditioning

. identify the benefits of physical activity, phydidi#ness, and
physical conditioning to health.

3.0 MAINCONTENT
3.1 Meaning of Physical Activity

Physical activity is bodily movement produced bylskal muscles. It
requires energy expenditure and produces progeesmalth benefits.
Physical activity typically requires only a low moderate intensity of
effort. Physical activity is used as a means ofnmting health.
Examples of physical activity include walking todafnom work, taking
the stairs instead of elevators and escalatorglegarg, doing house
chores, dancing, and washing the car by hand.

Physical activity, unfortunately, is no longer atural part of our
existence. Technological developments have drivasstnpeople in
developed countries into a sedentary lifestyle. iRstance, when many
people go to a store, only a couple of blocks awagst drive their
automobiles and then spend a couple of minutesndriaround the
parking lot to find a spot 20 yards closer to ttress entrance. They do
not even have to carry the groceries to the caanasmployee working
at the store usually offers to do this for them.

Similarly, during a visit to a multi-level shoppimgall, almost everyone
chooses to take the escalator instead of the dpaingch tend to be
inaccessible). Automobiles, elevators, escalatetsphones, intercoms,
remote controls, electric garage door openers-aedl modern-day
commodities that minimise the number of movemems a&fforts

required of the human body. See figure below:

o

=
| — -

Advances in modern technology have almost complet:)
eliminated the need for physical activity, significantly
enhancing the deterioration rate of the human body.
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The followings are the well-established health benefits of physical
activity:

- Reduced risk of premature death.

- Reduction of blood pressure in people with higlobipressure.

- Reduction of depression and anxiety.

- Control of body weight

- Development of healthy and strong bones, jointd,ranscles

- Development of strength and agility in older peoghlat enable
them to move better without falling and the promotbf psychological
well-being.

A balanced plan of physical activity and exercisewd be followed to
promote a healthy lifestyle and to improve physidakss. In this plan,
one should engage in physical activities aroundwbekplace or home
regularly to lay a strong foundation. These aggwgitshould be such that
they develop aerobic capacity and flexibility. Thehyould be performed
at least three to five days per week.

The Physical Activity Pyramid

late 60 10 20«

Source: Hoeger & Hoeger (2007). Fitness and Wellness Inc.
Health Benefits of physical activity

Moderate physical activity can prevent prematuratilleunnecessary
illness, disability, and provide substantial betsefio health and
wellbeing for the vast majority of people who a physically active.

Individuals who are already moderately active celmeve even greater
health benefits by increasing their physical attivi

Among the benefits of regular physical activity aedercise are
significantly reduced risks for developing or dyifrgm heart disease,
stroke, type 2 diabetes, colon and breast canhéagi, blood pressure,
and osteoporotic fractures. Regular physical dagtigiso is important
for the health of muscles, bones, and joints, dnseems to reduce
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symptoms of depression and anxiety, improve mood,emhance one’s
ability to perform daily tasks throughout life. dtso can help control
healthcare costs and maintain a high quality efilito old age.

Moderate physical activity has been defined asaatiyity that requires
an energy expenditure of 150 calories per day,,000Q calories per
week. The general health recommendation is thgtlpesthould strive to
accumulate at least 30 minutes of physical actisiper day, most days
of the week (see table 1.1). while 30 minutesaftinuous activity is
preferred, on days when time is limited, 3 actiwgssions of at least 10
minutes each provide half the aerobic benefits.niptas of moderate
physical activities are walking, cycling, playingadketball, or
volleyball, swimming, water aerobics, dancing fgaishing a stroller,
raking leaves, shoveling snow, washing or waxingas, washing
windows, or floors, and even gardening.

Daily Physical Activity Recommendations.

Total Time Outcome

30 minute: Health benefit

60 minute Weight gain preventic
60 to 90 minute Weight regain preventic

3.2. Meaning of Physical Fithess

Fitness is the degree to which a person functidnsipally, mentally,
emotionally, and socially, all of these interrelate modify the
functionality of the human being. Physical fitneiss defined as a
condition in which an individual has adequate vigamd vitality to
perform daily tasks and recreational activitiesheitt undue fatigue.
Physical fithess is an important component of téitakss. It is more
than the development of muscular strength or stamit implies
efficient performance in exercise or work and assoe@ble measure of
skill in the performance of selected physical até&s. Physical fithess
emphasises the promotion of vigour, vitality, anchergy for
participation in physical work and exercise.

It is important to note that the same level of pteisfitness is not

essential for everyone. It depends on the task#dividual's potential

for physical effort, and the relationship of hisypital fithess to his total
self or total fitness. For instance, the universstydent who plays
football needs a different type of physical fitnésan the student who
plays in the schools’ musical club.

To achieve physical fitness, regular strenuous ipaysctivity is very
contributory. It is also significant to note thateocannot build up in
school days a store of health that will last far thst of life. Habituation

4
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to physical activity is one of the goals that sldobke set not only for
every student but for all persons in the formatperiods of life. A
programme of physical exercise and body conditigneoften desired
to achieve this goal.

Benefits of Physical Conditioning

- It aids in weight management

- Helps in protection against chronic diseases

- Aids in maintaining muscle strength and balance

- Reduces blood pressure and improves heart health
- Helps in combating cancer-related fatigue

- Aids in reducing feelings of anxiety and depressi

- Improves respiratory and cardiovascular health

- Promotes strong muscles and bones.

3.3 Meaning of Physical Conditioning

Physical conditioning is the adjustment of the bochyemistry or
metabolism to a stressful workout thereby improvihg aerobic and
anaerobic energy capacity, the work rate of theaheusssues through
an exercise programme. For athletes under the &ge @r 13, the
technique is the most important factor to conswleen conditioning for
best performance. After this age, physical conditig becomes more
important and will require a more structured apphodfter the age of
16, studies show that physical conditioning issbeond most important
factor in sports performance. Physical conditioningcludes
cardiovascular endurance, flexibility, musculaesgth and endurance,
and skill development.

Benefits of physical conditioning

- Better performance
- Ensures quality practice
- Delayed fatigue when playing
- Promoting mental strength
- Increased technique and power
- Quick and fuller recovery
- Decreased number and severity of sports injuries
- Increases self-confidence on and off of the playieigl
- Makes athletes better at their sport and poteptaher sports
(www.onlinemasters.ohio.ed@020).
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40 CONCLUSION

Advances in technology, however, have almost ebteid the necessity
for physical &ertion in daily life, and as such, physical activig/ no
longer a natural part of our existence. We now livean automated
society, where most of the activities that usedreaquire strenuous
exertioncan now be accomplished with the simple pull ofaadie or
the push of a button.

50 SUMMARY

Physical activity, fitness, and conditioning, playery significant role
in the lives of an individual as they play vitalles in the health and
wellbeing of individuals. If one wants to live adiny life, engaging in
physical activities and bring sedentary behaviotws the barest
minimum is very important. The relevance of phykitaess which is
an important part of total fithess cannot also beremphasized because
of the role(s) it plays in healthy living. Physicabnditioning is also
required especially for athletes in other to reack’s potential as far as
athletic performance and training is concerned.

In this unit, we learned the meaning of physicalivag, physical
fitness, and physical conditioning. The importanoenhefits of physical
activity, physical fithess, and physical conditiogi were also
highlighted.

6.0 TUTOR-MARKED ASSIGNMENT
Different between physical activity, physical figsg and physical
conditioning.
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UNIT 2 COMPONENTSOF PHYSICAL FITNESS
CONTENT

1.0 Introduction

2.0 Objectives

3.0 Main Content
3.1 Components of Physical Fitness
3.2. Health-related Component of Physical Fitness
3.3  Skill-related Component of Physical Fithess
3.4  Physiologic Fitness Component of Physicaldss
3.5 Physiologic Fitness Component of Physicaldss

4.0. Conclusion

5.0 Summary

6.0 Tutor-Marked Assignment

7.0. References/Further Reading

1.0 INTRODUCTION

There are two major components of physical fitnésgse are health-
related components and motor or skill-related camepts of physical
fithess. These components are discussed in this uni

2.0 OBJECTIVES

By the end of this unit, you will be able to:

) identify the three components of physical fithess
o differentiate clearly among the three componenishyfical
fitness.

3.0 MAINCONTENT

3.1 Componentsof Physical Fithess

As the fitness concept grew at the end of thedastury, it became clear
that several specific components contribute tandividual's overall

level of fitnessPhysical fitnessis classified into health-related, skill-
related, and physiologic fitness.
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3.2. Health-related component of physical fitness

Cardiorespiatory endurance

Muscular strength and endurance

This is characterised by the ability to perform lyaactivities with
vigour and is associated with a low risk of chrodisease. Health-
related fithess has three main components, whicltlude
cardiorespiratory (aerobic) endurance, musculoskidiigness (muscular
strength and endurance, and flexibility), and optitnody composition.
Musculoskeletal fitness includes muscular streragid endurance, and
flexibility.

Cardiorespiratory Endurance

It is the ability to work for a prolonged period.reflects the ability of
tee art, lungs, circulatory and respiratory systémnsupply oxygen and
nutrients to working muscles. It is also callaeerobic fitness. It is
assessed by measuring maximum oxygen consumptifn r{\ax), or
the rate of oxygen utilization by the muscles dgriendurance or
aerobic exercise.

Musculoskeletal fitness

This is the ability of the skeletal and musculasteyns to perform work,
which involves muscular strength, muscular endwamone strength,
and flexibility. Muscular strength is the maximairte that can be
exerted against resistance. Muscular endurandesistility to produce
submaximal force repeatedly over a prolonged peridmhe strength
reflects the risk of bone fracture. It is the fuontof the mineral content
and bone density. Flexibility is the ability of tja@nts to move to a full
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range of movement. Examples of muscular strengthude lifting
heavy weights. Muscular endurance is involved ichsactivities as sit-
ups, puskups, and lifting weights @5 times. Flexibility is involved in
touching the toes with less trait from a sittingsgion. One of the most
effective ways of developing muscular and bonengtite and muscular
endurance is through resistance training.

Body Weight and Body Composition

Bodyweight refers to the mass of the individualslviewed in terms of
the absolute and relative amount of muscle, boné,fat tissue. Body
composition refers to the relative amounts of &atd lean body mass,
which includes muscle, bone, water, skin, bloodd ather non-fat
tissues. It is usually expressed as percent bddyé&obic exercise and
resistance training are very effective in modifyibgdy weight and
composition.

Neuromuscular Relaxation

It refers to the ability to reduce or eliminate muwigr tension.
Progressive relaxation exercises, meditation, aadayare effective
means of reducing stress and neuromuscular tension.

There are many exercise protocols and sports #natldp components
of both skills and health-related physical fitheSgorts like soccer,
basketball, handball, maximum oxygen consumptio® (Viax), or rate
of oxygen utilisation by the muscles during endgearor aerobic
exercise.

Some individuals prefer sports to pure fitnessvéas, like running and
cycling to improve their fitness. One of the masportant reasons for
this preference is that the competitive and saasglects of sports make
them enjoyable, which helps in the promotion of gdasting
compliance. However, sports like table tennis, exddall, softball, and
bowling contribute little to the development of hbkaelated fitness,
although, they do demand some athletic skills. Timainly because
they are inadequate to stimulate cardiovasculaspiratory, and
muscular systems at a level to produce positivaagbalt is, therefore,
necessary that these sports should be supplemensitd fithess
activities, like running, brisk walking, and cyclio promote long-term
health benefits. It is important to note that dagyparticipation in
physical activities to develop cardiorespiratory derance,
musculoskeletal fitness, and optimum body compmsipromotes the
basic energy levels of participants and helps ttebe at lower risk for
chronic diseases, like cancer, osteoporosis, liesgases, and diabetes.
It is with this view that the American College ogp@ts Medicine has
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defined health-related fitness as “a state chataete by an ability to
perform daily activities with vigour and a demoasivn of traits and
capacity that are associated with low risk of premeadevelopment of
hypokinetic diseases (diseases associated withgathysactivity).”

3.3  Skill-related Components of Physical Fitness.

Coordination Speed

Reaction

Balance i
time

This includes agility, coordination, balance, reatttime, speed, and
power. It is more related to sports skills and haghing to do with

health and disease prevention. It is essentiakfiacess in sports like
soccer, basketball, tennis, and volleyball.

34 Physologic fitness

Matabohc

F "i" ‘Ii;(.';i

This term is used primarily in the field of medicinecal biological
systems that are affected by physical activity #r&l role of physical
activity in preventing disease. The componentshyslogic fitness are
metabolic fitness (denotes reduction in the risk of diabetes and
cardiovascular disease through a moderate-inteeséycise programme
despite little or no improvement in cardiorespirgtofitnesy,

mor phologic fitness (used about body composition factors such as

10
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percent body fat, body fat distribution, and bodscunference)and
bone integrity (used to determine risk for osteoporosis based o bo
mineral density).

40 CONCLUSION

This unit discussed the components of physicagéitn We were able to
learn about the three (3) components of physitaésis, (health-related,
skill-related and physiologic fitness). Health-teth fithess is
characterised by the ability to perform daily aiti@s with vigour and is
associated with a low risk of chronic disease.|S&lhted fithess on the
other hand is more related to sports skills and ri@king to do with
health and disease prevention. It is essentiakfiacess in sports like
soccer, basketball, tennis, and volleyball, whiggologic fitness is the
term used primarily in the field of medicine abduoblogical systems
that are affected by physical activity and the mighysical activity in
preventing disease.

5.0 TUTOR-MARKED ASSIGNMENT
Identify the components of:
a. Health-related fitness

b. Skill-related fithess
c. Physiologic fitness.
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Oduyale, O. (2004). Physical Conditioning for HewltLiving and
Sports. Emosi Books, Shagamu, Ogun State. NigeSBiIN 978-
30914-2-5.

The Merck Manual of Medical Information. (2003). 2'Y Home Edition.
Merck Research Laboratories. USA. ISBN 0-91191(®35-

Venkateswarlu. K. (2011Exercise for Disease Prevention and Health

Promotion. Ahmadu Bello University Press Limited, Zaria,
Kaduna. Nigeria. ISBN 978-125- 870-0.

11



KHE 436 PHYSOLOGY APPLIED TO PHYSICAL CONDITIONING

MODULE 2

MODULE INTRODUCTION

The first module introduced us to the concepts loyspal activity,
physical fitness, and physical conditioning andirthgarts. In this
module, we shall be considering how the human lmodyarious organs
of the human body adapts to exercise, how exemmiegrammes are
conditioned to yield positive results, and how tooase the right
exercise.

UNIT 1 ADAPTATION TO EXERCISE
CONTENT

1.0 Introduction
2.0  Objectives
3.0 Main Content
3.1 Effects of Exercise on the Body
3.2 The Heart
3.3. Lungs
3.4. The Skeletal Muscles
4.0. Conclusion
5.0 Summary
6.0. Tutor-Marked Assignment
7.0. References/Further Reading

1.0. INTRODUCTION

The human body is designed for work. The arrangémkthe muscle
groups, tendons, and ligaments allow the arms agd to move in a
wide variety of activities. The brain controls amdgulates the
distribution of blood, oxygen, and nutrients froee tart and lungs. The
different systems of the body are in communicatath each other
through hormonal and nervous pathways to achieeedamation in the
performance of an activity. The more these systamesinvolved the
more enjoyable and efficient exercise becomes. @gntto this,
inactivity leads to poor health. An attempt is m#dgerefore in this unit
to discuss the major benefits of exercise trainothe human body and
also the influence of genetics, gender, and age.

20 OBJECTIVES

By the end of this unit, you will be able to:
e discuss the effects of exercise on:
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a. the heart
b. the lungs
c. the skeletal muscles.

3.0 MAIN CONTENT

31 Effects of Exerciseon the Body

The rate of breathing increases about three tirbesearesting levels
and the amount of air entering the lungs is 20 sirhegher during
exercise performed for 30-40 minutes. During theesaexercise, the
heart rate increases 2-3 times the resting lewel, viblume of blood
pumped by the heart increases by 4 times abovestieg levels. These
temporary different functions of the body causedelgrcise are acute
responses to exercise. These responses disappeaafter exercise. If
such exercise is performed almost every day foersgweeks, the
functions of the body, both at rest and during eiser change. The
resting heart rate slows down by 10-30 beats pautmiand the heart
rate during a given exercise slows down becauseiriga makes the
heart pump more efficiently pump. The trained heam pump more
blood per beat, both at rest and during exercisdstlae lungs can take
in more air during intense exercise. These changaee it possible to
deliver more oxygen to the muscles to produce memergy for
exercise. The maximum amount of oxygen that theylmath consume at
maximal exertion increases significantly. This sgase changes in the
10-20% with training and may be higher in the caSeverweight and
unfit people. In addition, the muscles become nelfieient in storing
and utilizing fats and carbohydrates.

These changes in the structure and function ofbib@y caused by
exercise training are a chronic adaptations toaeser Many of these
changes take place within a short time. Significamprovement, for
example, in maximal oxygen consumption, resting erdrcise heart
rate, and lung ventilation can be expected withi first one to three
weeks of intensive aerobic exercise training. Soadaptations to
aerobic exercise training, like an increase inrtmber of capillaries in
the muscles, may take a much longer time. The magdmiof these
chronic adaptations depends upon the volume aedsity of exercise,
and also or, the initial fitness level of the indwal. Overweight,
middle-aged inactive people, for example, can impnmaximal oxygen
consumption (V@ max) by about 100%, whereas college students can
only gain only about 10.3%. It should also be notbdt these
adaptations are lost just as rapidly as they aiaedaafter aerobic
exercise training is stopped. Some of these chaimmgdsferent organs
and systems of the body are discussed below.
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3.2 Theheart

The major difference between endurance-trained amdrained
individuals is the amount of blood pumped by tharheluring each
heat, which is calledtroke volume. Aerobic exercise training makes the
heart bigger and stronger. This causes a decreassting and exercise
heart rate in trained individuals. Due to these nges, trained
individuals can perform a task faster as the hpamps more blood,
delivers more oxygen to the working muscles.

The heart is about the size of a fist. At respumps about 5 litres of
blood through 60,000 miles of blood vessels peruteinAs an average
adult has about 5 litres of blood, almost all a thlood passes through
the heart every minute. The average resting hatetaf untrained adults
is about 60-80 beats per minute. With each beaZSmilliliters of
blood are pumped by the heart. A trained heartpanp more blood
per minute which is calledardiac output, because training makes the
heart bigger and stronger. This implies that at, rtége trained heart
pumps more blood per beat. That is why athletes lgreater stroke
volume (100 milliliters per beat). The increasestroke volume makes
the heart pump more slowly, decreasing the restgayt rate by about
one beat per minute for one to two weeks of aerek@rcise training,
for about 10-20 weeks.

During exercise, heart rate increases proportignallthe intensity of
exercise. The maximum heart rate is the highesit mate recorded at
the point of exhaustion during an all-out exercléen the age of an
individual is subtracted from 220, it will give augh estimate of his or
her maximal heart rate. For example, a 60-yealsolktimated to have
a maximal heart rate of 160 beats per minute (Z2ft60). Most
experts and professional organisations recommeat] gbople should
exercise at 60-90% of their maximal heart rate toprove
cardiorespiratory fitness. For a 60-year-old indixal, this would be 96-
144 beats per minute. When the exercise is periramehe higher end
of the range, it would produce greater trainingdfgs. It should also be
noted that as one continues to train, he or shiehaile to increase the
speed of the exercise to achieve the same heartthas is because, as
the heart gets bigger and stronger with trainingili perform the same
work at a lower heart rate because of it; incredesability to pump
more blood and oxygen. In other words, to maintaeheart rate at the
predetermined level, the trained individual wilvieao exercise faster to
continue to derive training benefits.

Exercise training increases blood volume. Inacpeeple have about 5
litres, trained people about 5.5 litres, and diteletes 6 litres of blood.
During exercise, blood is diverted away from inaetiorgans, like
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kidneys and intestines to muscles. At rest, onlg-bith of the blood
pumped by the heart goes to the muscles. Thisasegeeto three-fourths
during strenuous prolonged exercise. Regular es@tcaining increases
blood flow to the exercising muscles by opening enaf their
capillaries and diverting blood from inactive organThis is made
possible because blood vessels, which are madd smaoth muscle,
become fit with training and can constrict and téileetter to send blood
to where it is needed most.

Exercise training increases blood volume, which esathe body better
equipped to divert blood to muscles and skin topgumputrients and

oxygen, eliminate waste products, and dissipaté Weathe blood gives
up fluid in the skin to produce heat, and to thesales to make them
contract better, it becomes thicker. Similarly, #® trained heart
becomes bigger and stronger to pump more bloodefary heat,

muscles become more capable to extract and useenxatga higher rate
than in untrained conditions. The higherM@ax found in endurance-
trained individuals is thus due to a greater cardiatput and a greater
oxygen extraction capacity of the muscles.

3.3 Lungs

The size of the lung hardly changes with exeraisming. However, fit
people ventilate much larger volumes of air dust@nuous prolonged
exercise. This is because endurance-trained astdegemore efficient in
the transportation and utilization of oxygen. Timakes them capable of
using less oxygen at a given workload than theaimdd people.

When atmospheric air is breathed in, lungs pasg@xyo the blood
through 300 million tiny air sacs callatleoli. The surface area of these
alveoli is equal to about the area of a tennis tcaunich allows rapid
diffusion of oxygen into the blood. Also, exchangddng with oxygen
is carbon dioxide that is produced by the body #nsh exhaled out to
the atmospheric air. As atmospheric air containgy about 21%
oxygen, lungs take in large amounts of air duritrgraious exercise to
be able to supply oxygen to muscles. Normal adaljsire about 250m|
of oxygen each minute at rest. This amount of orygesupplied by
breathing about six litres of air per minute. Hoeewuring strenuous
exercise, this amount increases by about 10-12sfdbligher, which
requires about 100 to 200 litres of air per minidegghly endurance-
trained and tall individuals have lung ventilatiareas of more than 240
litres per minute. In other words, the more fitiadividual is, the more
air he or she can breathe in during maximal exercis

Normally, an adult breath 12 times per minute. Tdrisgs in about 1.5
litres of air per breath or six litres per minutgwever, during maximal
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exercise, this frequency of breathing increasesbtmut 55 to 60 breaths
per minute in athletes. Moreover, they breathe arenthan three litres
of air in each breath during such an exercise. Heweit should be

noted that the lung size and the amount of airtheshin at rest hardly
changes due to training, but a trained individuattitate less air while

achieving the same oxygen intake and workload esititrained. This is
because the trained body is more efficient andceife in transporting

and utilizing oxygen.

The increase in blood volume due to training isntyabecause of an
increase in plasma volume (fluid portion of bloo®ed blood cells,
which transport oxygen from the lungs to the musclacrease in
number due to training. However, the increase @smla volume is
much more than the increase in the number of reddotells, which
results in more fluid blood. The increased blootur@e due to training
increases the total amount of oxygen in the bld8dt the oxygen
content: per unit of blood hardly changes due tduesnce training.
Thus, the lungs can transport enough oxygen to rieetincreased
demands during exercise.

3.4 The Skeetal Muscles

Continuous improvement in ¥YOmax during training is dependent
mainly on changes place in the muscles after thengds in the
cardiorespiratory system in the few weeks of tregnEndurance-trained
muscles have more capillaries, mitochondria, enzyrard myoglobin.
While strength training increases the size of stawteh fibres.
Different people are born with different ratios slbw-twitch to fast-
twitch muscle fibre. These individual difference® anot affected by
exercise training.

Significant adaptations take place within the meisidilie to endurance
training. Muscle becomes more efficient in utilgifiat for fuel that

helps the conservation of muscle glycogen, whiah short supply that
can be used towards the end of prolonged exerdisscles store more
food and develop more capillaries, mitochondriag @mzymes with

training.

Oxygen attaches to myoglobin when it enters thechegs This pigment
called myoglobin, gives the slow-twitch muscle @&br their dark
appearance. It turns red when oxygen attaches &ndt transports
oxygen to mitochondria, which use it for burninglfto produce energy.
Muscle myoglobin content can increase by 75 80cpet to endurance
training, it becomes easier for oxygen deliveryd &or the removal of
carbon dioxide and heat, which together improve tapacity for

exercise performance.

16



KHE 436 MODULE 2

HEREDITY AND CARDIORESPIRATORY FITNESS

Available evidence suggests that hereditary acsofantabout 25-50%

of the variation in V@ max among people. It also appears to influence
the ability of an individual to improve cardioresgiory fitness through
training. Although genetic factors and training diions are important
determinants of VO max, genetic factors seem to set upper limits for
what can be achieved through training. World-ckasdurance athletes
have been shown to have ¥Max of more than 80ml.Kg per minute.
Even when they stop training, they still show vallregher than well-
conditioned people who have over 65ml.Kg per mintlités shows that
some people can improve their aerobic fitness rtitae others because
of their favourable genetic factors. Severe proézhdraining helps
individuals to reach the upper limits of ¥Max set by genetic factors.

GENDER AND CARDIORESPIRATORY FITNESS.

In sports like running and swimming, world recoirdds for women are
about 6-13% slower than for men. In addition toic@eiltural factors,
several biological factors appear to be responsibiethese gender
differences in performance. Even among elite abkletvomen have
greater body fat percent, higher heart rate, smidtefree mass, smaller
stroke volume, lower blood volume, hemoglobin caht&0, max, and
strength.

In recent years, there has been a tremendous s&ciegdhe number of
women participating and competing in both recresti@nd competitive
sports. This increase has brought about dramapcavements until the
mid-1980s, when improvement in women's performdecelled off. At
present, women’s world records are about 10-13&esidhan those of
men. It appears that these gender differencesrantiain because of a
variety of biological factors. Major differencestiveen men and women
in body size, composition, and fitness begin tdam& around the time
of puberty. Some of these differences are discuisskv:

a. Fat-free mass increases more in men than in wonuentd
hormones like testosterone. An adult woman has H4lthe fat-
free mass of an adult man. A female is 40-60% weak&®wer
body strength. However, for the same amount of ieyudhere
are no strong differences between men and womers iBh
because strength gains are related more to neactr$ than to
increases in muscles size, which is minimal in masnen.

b. The female hormone, estrogens, broadens tivecpgkea of the

female, stimulates breast development, and incseabat
disposition in hips and thighs. The body fat pet@erage adult
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female is 6-105 above that of a man. The body éatgnt of an
average adult female is 20-25% and that of an adale is 13-
15%.

C. Because of smaller body size, a female hamaller heart size
and lower blood volume. Similarly, a female has dow
hemoglobin content than a male, which implies thégmale gets
less oxygen per unit of blood for the working mesthan the
male. Because of these differences, an averagefacthdle has a
smaller stroke volume and a higher heart rate #dnraraverage
adult male at a given exercise workload.

d. An average adult female has flax that is only about 70-75%
of an average adult male. Much of this differersatiributed to
the relatively lower activity of the female.

AGE AND CARDIORESPIRATORY FITNESS

It appears that much of the decrease in cardiaaspy fitness
attributed to aging is because people exerciseaesisey age. Normally,
V0. max decreases by 8-18% per decade after 25 yeageoMuch of
this loss can be regained if every individual beesnfitter through
regular exercise training than an untrained perddéowever, older
people gain less fitness than younger people wlogh bf them train
due to the process of aging. As with JVfhax, muscular strength
decreases by 5-10% per decade after 45 years oiageh of this loss
can be regained if weight training programmes ioWwed by older
people.

Participating in regular physical activity leads twalthy ageing.
Although older people have better gains than otp@ups through
training, only very few old people exercise regiylamompared to other
age groups. It should also be noted that the ageimgess is real and the
ability to train vigorously decreases with ageapears that this age-
related decrease cannot be prevented throughrigaiAilower ability to
utilize oxygen and a lower heart rate and strokeme with age seem
to be responsible for this age-related decreaseerobic fitness.
Similarly, muscular strength declines by 5-105 ghecade after age 45.s
an average individual loses about 30% of muscuflangth and about
40% of muscular size between 20 and 70 years af Hge process is
known assarcopenia, which is a major reason for the decrease in
strength among older people. This decrease in narsstrength and
size with an increase in age can be minimized Bgadte resistance
training.
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40 CONCLUSION

In this unit, attempts were made to discuss thecesfof exercise of the
organs of the human body; the heart, the lungstlamdkeletal muscles.
It noted that organs in the body are in commurocatvith each other
through hormonal and nervous pathways to achieeedamation in the
performance of an activity. It also noted that there these organs and
systems are involved, the more enjoyable and efficiexercise
becomes. The unit also discussed the influencex@fcese on genetics,
gender, and age

5.0 SUMMARY

The different systems of the body are in commuracatith each other
through hormonal and nervous pathways to achiegedamation in the
performance of an activity. The more these systmsnvolved the
more enjoyable and efficient exercise becomes

6.0 TUTOR-MARKED ASSIGNMENT

1. Discuss the changes that take place duringeeein the heart,
lung, and skeletal muscles.
2. Explain the relationship between gender andoage

cardiorespiratory fitness.
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UNIT 2 CONDITIONING PROGRAMMES

CONTENT

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 Basic Principles of Body Conditioning
4.0 Conclusion
5.0 summary.
6.0  Tutor-Marked Assignment
7.0 References/Further Reading.

1.0 INTRODUCTION

It is very important that a person possesses saakhiful qualities such
as organic soundness, strength, vitality, emotiosialbility, social
consciousness, knowledge, and insight to face &ily thsks squarely.
To achieve this, the person must be exposed to pahentive and
therapeutic nature depending on need.

2.0 OBJECTIVES
By the end of this unit, will be able to:

° identify basic conditioning principleand;
o explain the basic conditioning principles.

3.0 MAIN CONTENT

3.1 Basic Principles of Body Conditioning

1. Warm-up: Adequate warm-up should precede all major tasks.
Warming-up should be progressive from general tmechal
exercises before going into specifics. It is dangsrnot to do
thorough warm-up before embarking on a major playsask.

2. Progression: This is a vital factor of conditioning whether for
prevention or therapy. There should be progressigesase in

20



KHE 436 MODULE 2

exercise work load, intensity and frequency of eiser This
gradualness would help the worker to adjust steadilfuture
task thereby preventing unnecessary accidentsnguniess.

3. Timing: This refers to exercise scheduling or conditioning
sessions per day. It is advisable to exercise tvdagy for
optimal conditioning, early in the morning beforettsrg out to
do the major tasks of the day and later in the iexebefore
going to sleep. With this practice, the body isentpd to work
optimally with reduced risks of accidents.

4, Intensity: The exercise intensity per activity during corating
should be emphasized as opposed to the quantigctofities
packaged. Rather than increasing workload duringlitioning,
it is wiser to increase intensity. As work become®re
challenging or the state of the condition improas,intensity of
the conditioning programme must be correspondimglyiewed
to meet up with the new demands on the body. Iitens
synonymous with increasing repetitions per activather than a
loan of activity.

5. Capacity Level: Every individual has a work performance limit.
This implies that a person can only improve ongagormance if
he could be physically trained to achieve his owtalgished
work performance limit, and subsequently targeexceed that
limit which is the whole essence of conditioningsudlly, a
person can work above his physiological limit if e so
conditioned to do so (endurance).

6. Strength: The development of strength should be emphasized
when conditioning the body for ultimate performan€adurance
both muscular and general can only be achievediréngth
developing exercises are induced into a physicaldit@ning
programme. Increased strength guarantees an iedeas
performance at work and injury is reduced to theegstaminimum
provided the person is skilled at work.

7. Motivation: There should be a motivational force behind each
conditioning exercise. It is sometimes very difficto get a
deconditioned body reconditioned just as it coskst af money
to return a grounded vehicle to good condition.r&he thus the
need for a variety of activities in the conditiogiprogramme, the
conditioner has a pool of activities to choose frengy., cycling,
swimming, dancing, climbing are enjoyable aerolgitvéties that
could be mixed to ensure optimum gain from the @mring
programme. The activities should be enjoyable ehoug
encourage the conditioner to continue to exercise.
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10.

Specialization: jobs do vary in nature; conditioners should keep
this at the back of their mind when developing c¢boring
exercises. It is therefore important to emphasiaaditioning
activities that would improve an individual’s jolpeialization.

In the final analysis, special conditioning exeesidailored to
specific demands made upon the body by variousgolgpes of
work should be applied to develop exercise conuitig
programmes for developmental or therapeutic puigpose

Relaxation: It is also good to relax when conditioning.
Therefore, special relaxation exercises shouldnbkided in the
conditioning programme. Many workers are tensedthan job
which often lead to injury or industrial accidenielaxation
would also help to reduce fatigue from work becatgsaches to
economise muscular effort.

Routine: The development of individual exercise routines is
paramount to successful conditioning programme® Worker
can't be guided by an expert all the time, pargidylthrough the
physical conditioning exercise. Therefore, one irmuthas been
established by the expert, the worker must work arols
conditioning himself whenever the guide is not &de. If the
worker could discipline himself this way, it woukeklp to yield
good results at various work performance.

4.0 CONCLUSION

This unit identified and discussed the basic pples of body
conditioning, which are specialization, relaxaticoytine, capacity
level, motivation, strength, intensity, timing, gression and warm-up.

5.0

SUMMARY

It is very important that a person possesses s@akhifiul qualities such
as organic soundness, strength, vitality, emotistadility, social
consciousness, knowledge, and insight to facedilyg thsks squarely.

6.0 TUTOR-MARKED ASSIGNMENT

1.
2.
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1.0 INTRODUCTION

There are many forms of exercise, and each typexefcise has its
advantages and disadvantages. For example, wakinglatively easy
on the joints; during walking, at least one footis the ground at all
times, so the force with which the foot strikes gfieund is never more
than a person’s weight. However, walking burns fewalories than
does running. Swimming rarely results in musclerdedecause the
muscles are supported by the water. However, becaugnming is not
a weight-bearing exercise, it does not help prevestieoporosis.
Bicycles are pedaled in a smooth circular moticat thoes not jolt the
muscles, but bicycling requires balance, and itasalways possible to
enjoy this sport free of traffic and the dangersarfs.

Other choices regarding exercise exist as well. &people prefer to
exercise in a gym or at home, whereas others pafttoors. Some
people have a very structured exercise routine reaseothers simply
incorporate exercise into their lifestyle, for exden by walking rather
than driving. Choosing the right exercise is a erattf finding an
activity that is fun, safe, and sustainable.

20 OBJECTIVES

By the end of this unit, you will be able to:

o identify different safe exercises

o describe the different safe exercises

o identify the advantages and disadvantages of chgaddifferent
exercise.
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3.0 MAINCONTENT

3.1. Different Exercisesto Choose from Walking:

This is a well-balanced form of exercise for mosople, regardless of
age. Many older people can keep fit through reguhaalking
programmes. However, walking slowly will not mak@erson very fit.
To walk faster, a person can take longer stepslditian to moving the
legs faster. The step can be lengthened by swiyéfia hips from side
to side so that the feet can reach further forw&uwliveling the hips
tends to make the toes point outward when thetéesth the ground, so
the toes do not reach as far forward as they wibuliey were pointed
straight ahead. Moving the arms faster helps th@wenfaster. To move
the arms faster, a person bends the elbows toeshéne swing and
reduce the time the arms take to swing back arttd fowm the shoulder.
People with instability or severe joint injury méyd walking difficult.

Swimming

This exercises the whole body- the legs, arms, back, without

stressing the joints and muscles. Often, swimmsngecommended for
people who have muscle and joint problems. Swimpmeowving at their

own pace and using any stroke, can regularly warkou30minutes of
continuous swimming. If weight loss is one of thajon goals of

exercise, swimming is not the best choice. Exescimgt of water are
more effective because air insulates the body, easing body

temperature and metabolism for up to 18 hours. plosess burns extra
calories after exercise as well as during exerdisecontrast, water
conducts heat away from the body, so that body ¢eatpre does not
rise and metabolism does not remain increased @it@nming.
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Riding a bicycle

This is good exercise for cardi-vascular fithessedaling a bicycle
strengthens the upper leg muscles. With a statydniaycle, the tension
on the bicycle wheel should be set so that the ada pedal at credence
of 60 rotations per minute. As they progress, gdean gradually
increase the tension and the cadence up to 9Qomdaper minute. A
regular bicycle adds the challenges and joys drizad and coping with
the challenges in terrain but adds the dangerseafirdy with traffic.
However, some people cannot maintain their balam&n on a
stationary bicycle, and others will not use oneadose the pressure of
the narrow seat against the pelvis feels uncontitata

A recumbent stationary bicycle is both secure amfortable. It has a
contoured chair that even a person who has hawlestan sit in. also,
if one leg is paralyzed, toe clips can hold botét i@ place, so that the
person can pedal with one leg. A recumbent statjofécycle is a

particularly good choice for older people, manywdiom have weak
upper leg muscles. As a result of having weak ufgm muscles, many
older people have difficulty rising from a squadtiposition, getting up
from a chair without using their hands, or walking stairs without

holding on to the railing

Aerobic dancing

This is a popular type of exercise offered in masgmmunities,
exercises the whole body. People can exerciseeat diwvn pace with
guidance from experienced instructors. Lively musiod familiar
routines make the workout fun, and committing tescheduled and
exercising with friends can improve motivation. éleic dancing also
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can be done at home with videotapes. Low-impacbaerdancing
eliminates the jumping and pounding of regular beralancing, thus
decreasing stress on the knee and hip joints. Heryelie benefits of
aerobic dancing, especially in terms of weight |@s® proportional to
the intensity.

Step aerobics

This exercise stresses primarily the muscles irfring and back of the
upper legs (the quadriceps and hamstrings) as sompesteps up and
down on a raised platform (a step) in a routine teeimusic at a
designated pace. As soon as these muscle stddslteore, exercisers
should stop, do something else, and return to a&epbics a couple of
days later.

Water aerobics

This is an excellent choice for older people amas¢hwith weak muscles
because it prevents falls on a hard surface amndde® support for the
body. It is often used for people with arthritisal&r aerobics involves
doing various types of muscle movement or simplyking in waist-to
shoulder-deep water.

S ~he o

Water aerobics offers fitness, fun, and safety to people of
all ages.

Resistancetraining

This is an anaerobic exercise meant to build sthreagd muscle mass. It
is far more effective than other forms of exerdige achieving these
goals but is less effective than aerobic exer@sdfirning calories (and
thus losing weight) or improving cardiovascularfpenance at similar
intensity. However, increased muscle mass may aadnt help

maintain lean body weight, because muscle uses oadoeies than fat.
The aerobic component of resistance training caninoceeased by
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increasing the repetitions performed at each stadiod by decreasing
the time for rest between each set.

40 CONCLUSION

In this unit, we learned that there are differexgreises. However, the
right exercise that is safe is important to an vidiial's health. The

different safe exercise was highlighted and desdiifhe advantages
and disadvantages of these exercises were alacsdest:

5.0 SUMMARY

There are many forms of exercise, and each typexefcise has its
advantages and disadvantages. Choosing the rightise is a matter of
finding an activity that is fun, safe, and susthiea

6.0 TUTOR-MARKED ASSIGNMENT

1. List 5 different safe exercises that an irdliil may choose
from.

2. Describe the exercises listed in (1) above.

3. what are the advantages and disadvantagesoosicly different

exercises listed in (1) above?
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MODULE 3

MODULE INTRODUCTION

The significance of exercise to the fitness of adividual cannot be
overemphasized. The relationship between exerciddimess, exercise
and body reaction, and the relationship betwearedg and exercise
physiology are explained in this module.

UNIT1 EXERCISE AND FITNESS
CONTENT

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1. Benefits of Exercise
3.2  Starting an Exercise Programme
3.3 Types of Exercise
3.4 Intensity, Duration, and Frequency
4.0 Conclusion
5.0 Summary
6.0. Tutor-Marked Assignment
7.0. References/Further Reading

1.0 INTRODUCTION

Exercise is a physical activity performed repetilyvto develop or
maintain fithessRegular exercise isne of the best things that a person
can do to help prevent iliness and preserve héalith so many ways to
exercise, almost everyone can participate in some w

2.0 OBJECTIVES
By the end of this unityou will be able to:

discuss the benefits of exercise

explain how to start an exercise programme

identify the two types of exercise

explain the meaning of intensity, duration, andgérency of
exercise
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3.0 MAINCONTENT
3.1 Benefitsof Exercise

Regular exercise makes the heart stronger andutigs [fitter, enabling
the cardiovascular system to deliver more oxygethédbody with every
heartbeat and increasing the maximum amount of exygat the body
can take in and use. Exercise lowers blood presandereduces the
levels of total and low-density lipoprotein (LDLhalesterol (the bad
cholesterol), which in turn reduces the risk ofrhedtack, stroke, and
coronary artery disease. Other conditions thatlese likely to occur
with regular exercise include colon cancer and stmmas of diabetes.

Exercise makes muscles stronger, allowing peopfeetorm tasks that
they otherwise might not be able to do. Most evayythsks require
muscle strength and a good range of motion in goiabd regular
exercise can improve both.

Exercise stretches muscles and joints, which im toan increase
flexibility and help prevent injuries. Weight-beagi exercise
strengthens bones and helps prevent osteoporo®sci&e can improve
function and reduce pain in people with osteoaitfrialthough
exercises that put undue stress on joints, suchresng may need to be
avoided.

Exercise increases the body's level of endorphisdorphins are
chemicals in the brain that pain and induce a sehseell-being, Thus,
exercise appears to help improve mood and enevgysleand may even
help alleviate depression. Exercise also helps tbheeH-esteem by
improving a person's overall health and appearamBmsides how
exercise benefits people of any age, regular esefoelps older people
of any age, independent by improving functional ligbiand by
preventing falls and fractures, it can strengthenmuscles of even the
frailest older person living in a nursing home.tdéinds to increase
appetite, reduce constipation, and promote sleep.

The benefits of exercise diminish within monthseafa person stops
exercising. Heart strength, muscle strength, aade¥el of high-density

lipoprotein (HDL) cholesterol (the good cholestg¢rdécrease, whereas
blood pressure and body fat increase. Even forrttdetas who stop

exercising do not retain measurable long-term benefhey have no

retained measurable long-time benefits. They havgreater capacity to
perform physical activities and no fewer risk fastdor heart attacks
than those who have never exercised, nor do thggimefitness any

faster.
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3.2 Starting an Exer cise Programme

Many people can begin an exercise program withoumsglting their
doctor. However, people who have heart and lungadis, diabetes, or
any other serious medical condition should talkhwitteir doctor first, as
should older people. People taking medication, @afie for chronic
illness should consult with their doctor as welérain drugs may limit
the ability to exercise, such as beta-blockers kisiow the heart rate,
sedatives, which can cause drowsiness and incthasesk of falling.
People who have done no exercise previously andashaeriously out
of shape may benefit from consulting their doctefobe starting an
exercise program. In some cases, exercise musiupergsed by a
physical therapist or other health care professjorma by an
experienced, licensed trainer.

The safest way to start an exercise programme petimrm the chosen
exercise or sport at a low intensity until the legsarms ache or feel
heavy. If muscles ache after just a few minutes fiist workout should
last only that long. As fitness increases, a persoould be able to
exercise longer without feeling muscle pain. Howegeme discomfort
Is necessary for developing stronger, larger mgs€er time a person
can increase the intensity and duration of exercise

3.3 Typesof Exercise

TR ZiciE ) |
P jiﬁg"_[ﬁlﬁ‘ﬁ‘ q h

Examples of anaerobic activities,
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A major distinction among different types of exeeciis whether they
are aerobic (with oxygen) or anaerobic (without gety) Most forms of
exercise have components of both.

Aerobic Exercise

This term refers to exercise that requires oxygemfthe air to get to
the muscles, thus the heart and lungs are forcasotét harder than
normal. Running biking, swimming and skating araraples of aerobic
exercise. Aerobic exercise tends to burn a lotadbrees and improves
cardiac function more than does anaerobic exerkiseiever, it is less
effective at building strength and muscles mass.

Anaerobic Exercise.

This term refers to exercise that requires intestsaining for a short
time. Weight lifting and isometrics (in which onarp of the body is
used to resist the movement of another part) aaenples of anaerobic
exercise. Anaerobic exercise relies on an energgcedhat is stored in
the muscles and, unlike Anaerobic exercise, is usedesist the
movement of another part) are examples of anaer@xercise.
Anaerobic exercise relies on an energy source ithatored in the
muscle and unlike aerobic exercise, is not depdrmenxygen from the
air. Overall, anaerobic exercise burns fewer catothan does aerobic
exercise and may be somewhat less beneficial folimascular fitness.
However, it is better at building strength and nheisgass helps a person
become leaner and lose weight because muscle arggs dmounts of
calories.

3.4 Intensity, Duration, and Frequency

Exercise is always a balance between intensity (hawl the exercise
is) duration (how long a person exercises), anguieacy (how often a
person exercises). For most people intensity shoadinue to increase
as they get stronger, whereas duration and frequegroain constant
once a certain level is reached. To strengthemelagt, exercise must be
performed at a reasonably high intensity. Intensday be assessed in
several ways. In one method intensity is consider@eiquate (that is,
enough to be beneficial) if the heart rate (meakureébeats per minute)
increases at least 20 beats above the resting fagartin another, more
complex method intensity is considered adequatiaf heart rate is
between 70% and 85% of a person's estimated maximmeemt rate,

which is 220 minus the person’s age. However, tagulation is

somewhat conservative, especially for people wieopdaysically fit. A

less quantitative approach is to consider intensitybe adequate if
exercise is accompanied by reasonable heavy bngatind sweating,
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assuming that the environmental temperature isimaidinately hot.
Very heavy breathing and profuse sweating indiathigh level of
intensity. Another method by which intensity is smiered adequate is
to work to failure. This approach is often usedvigight lifters, who
continue lifting until they cannot possibly do amere repetition.

At first, most people can exercise for only a fewnues before they
fatigue. For most people, exercise eventually shperform at the most
tolerable intensity for about 30 to 60 minutes dtnae. This duration
provides optimal benefits both for training muscéewl cardiovascular
conditioning. Extending the duration much beyond #timount of time
does not substantially improve strength or endwanc

Most people do not benefit from exercising morentl3ato 4 times a
week. Although the heart can be exercised sevarasta day every
day, skeletal muscles start to break down whenceseat intensely more
often than every other day. The day after adequaid out bleeding

and microscopic tearing can be seen in muscle sjb&hich is why

muscles feel sore. Exercises should allow aboutictBs for the muscle
to recover after exercise. After very vigorous eis, a muscle group
may take several days to heal completely. Allowing muscle to heal
makes them stronger.

Different exercises stress different muscle groupsaerobic exercise,
for example, running stresses primarily the lovegy inuscles landing on
the heels, and rising on the toes exerts the gietdsce on the ankle.
Riding a bicycle stresses primarily the lower legseies pedaling works
the front thigh muscles (quadriceps) and hips. Rgwand swimming

stress the upper body and back. These exerciselsecatiernated daily
to avoid injury. In anaerobic exercise, such agivelifting, it is usually

best to alternate the muscle groups being traiAeddeal schedule, for
example, alternates, exercise for the lower body tbe next.

Additionally, people should vary the way they tréineir muscles over
time. The body adapts to the routine so that periny the same
exercise over time becomes less effective in bugidstrength and
cardiovascular fitness. Therefore, weight liftetsould alter their
routine every few weeks, and aerobic exercise shaliernate among
the different forms of aerobic exercise available.

40 CONCLUSION

In this unit, the benefits of exercise were disedssAn attempt was
made to explain how an exercise programme candréedt The two
types of exercise were highlighted with relevardraples. The unit also
explained the meaning of intensity, duration, arebfrency concerning
exercise.
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50 SUMMARY
Regular exercise igne of the best things that a person can do to help
prevent iliness and preserve health.

6.0 TUTOR-MARKED ASSIGNMENT

1. Discuss the benefits of exercise.

2. Explain how to start an exercise programme

3 Identify and discuss the two types of exercise withevant
examples.
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UNIT 2 EXERCISE AND BODY REACTION
CONTENT

1.0  Introduction.
2.0 Obijectives.
3.0 Main content.
3.1 Body Reactions During Exercise
3.2  Systemic (Oxygen Transport System) Changeasckui by
Training at Rest
3.3  Systemic (Oxygen Transport System) Changesckd by
Training during Sub-maximal Exercise
3.4  Systemic (Oxygen Transport System) Changesckd by
Training During Maximal Exercise
3.5 Respiratory Changes Induced by Training
3.6  Other Changes Resulting from Training
4.0. Conclusion
5.0 Summary
6.0. Tutor-Marked Assignment.
7.0. References/Further Reading

10 INTRODUCTION
Exercise can be pleasurable if you can managettthgrigh the initial
weeks when the dropout rate is high. You wouldpldy discover this

as millions of others have before you. Once yout séxercising
regularly, it becomes fun and you feel good anaxed.

20 OBJECTIVES

By the end of this unit, you will be able to:

o discuss systemic (oxygen transport system) chamgksed by
training at rest

o identify systemic (oxygen transport system) charnigdsced by
training during sub-maximal exercise

o discuss systemic (oxygen transport system) chamgksed by
training during maximal exercise

o expalinrespiratory changes induced by training.
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3.0

31

MAIN CONTENT

Body Reactions During Exercise

These are the body reactions during exercising;

3.2

3.3.

34.

36

Increased myoglobin content

Increased oxidation of carbohydrates (glycogen)
Increased oxidation of fat.

Increased muscular stores of ATP and PC.
Increased glycolytic (lactic acid system) capacity.

Systemic (Oxygen Transport System) Changes Induced
by Training at Rest Includesthe Following:

Cardiac hypertrophy.

Decreased heart rate.

Increased stroke volume.

Increased blood volume and hemoglobin.
Hypertrophy of skeletal muscles.

Systemic (Oxygen Transport System) Changes Induced

Training during Sub-maximal Exercise Includes the
Following:

No change or slight decrease in maximum temperature
Decreased muscle glycogen utilization.

Decreased lactic acid accumulation.

No change or slight decrease in cardiac output.
Increased stroke volume.

Decreased heart rate.

Lower blood flow per kilogram of active muscle.

Systemic (Oxygen Transport System) Changes Induced
Training During Maximal Exercise Includes the
Following:

Increased maximum temperature.

Increased lactic acid accumulation.

Increased cardiac output.

Increased stroke volume.

No change or slight decrease in heart rate.

No change in muscle blood flow per kilogram of mesc
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3.5 Respiratory Changes Induced by Training Includes the
Following;

- Increased pulmonary ventilation.
- increased ventilatory efficiency.
- Increased lung volume.

- Increased diffusion capacity.

3.6. Other Changes Resulting from Training are;

- Decreased blood fat.

- Decreased blood levels of cholesterol and trigigeer

- Decreased blood pressure during rest and exercise.

- Increased heat acclimatization.

- Increased breaking strength of bone, ligaments temdbns.

The effects of training are influenced by many dast Generally.

The greater the intensity, frequency, and duratodnthe training
programme, the greater the improvement will be iasmfunctions.
Training effects are specific to the type of tramprogramme used e.g.,
running versus bicycling, sprint versus enduraree arm versus leg
training. Genetic limitations play an influentiale in determining the
final magnitude of the training effect. The maximuemperature,
muscle fibre types, lactic acid capacity, and matiheart rate are to a
large extent genetically determined. Most modeserércise (e.g.,
walking, running, jogging, bicycling, and swimmingyhen used in a
training programme structured on sound principlesll lead to
substantial and equal gains in total fitness. Mbshe beneficial effects
of training return to pre-training levels withintd 8 weeks of stopping.
Some training benefits such as an increased maxitamperature and a
decreased lactic acid production during sub-maximadrcise can be
maintained for several months with the maintenapregramme
consisting of 1 or 2 days of exercise per week. taoy to popular
belief, prior training does not hasten the rateinorease the magnitude
of training benefits gained from a subsequent imgiprogramme. Brief
periods of detraining (inactive) such as those edusy minor injuries
can significantly decrease performance and levétraéss (Fox, Bowers
and Foss, 1988).

40 CONCLUSION

This unit presented exercise and body reactiohighlighted the major
changes that occur during exercise training. Thleviing changes were
noted;systemic (oxygen transport system) changes indbgeaining

at rest, systemic (oxygen transport system) chamgkesed by training
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during sub-maximal exercisesystemic (oxygen transport system)
changes induced by training during maximal exercisEspiratory
changes induced by training aoither changes resulting from training.

50 SUMMARY

Exercise can be pleasurable if you can managettthgrigh the initial
weeks when the dropout rate is high.

6.0 TUTOR-MARKED ASSIGNMENT

1. Discuss systemic (oxygen transport system) gdgminduced by
training at rest.

2. Discuss systemic (oxygen transport system) ggmimduced by
training during sub-maximal exercise.

3. Explain systemic (oxygen transport system) geannduced by
training during maximal exercise.

4. Explainrespiratory changes induced by training.
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UNIT 3 PHYSICAL FITNESS AND EXERCISE
PHYSIOLOGY

CONTENT

1.0 Introduction

2.0 Objectives

3.0 Main Content
3.1 Physical Fitness and Exercise Physiology.
3.2  Athletic Conditioning and Exercise Physiology

4.0. Conclusion

5.0 Summary

6.0. Tutor-marked assignment

7.0. References/Further Reading

1.0 INTRODUCTION

Exercise physiology is the subdivision of generhigwology that is
concerned with the description and explanationuricfional changes
brought on by single or repeated bouts of exerd¢sémprove human
functional capacities.

A single bout of exercise is called acute, whenegseated bouts of
exercise over several weeks or months are calleonch Functional
changes that occur with acute exercise are caflsponses to exercise.
These responses include a rise in heart rate, lgoegbure, ventilation,
sweating rate, etc. These responses are tempardrgisappear shortly
after the exercise is over.

With repeated bouts of exercise, an adaptation staglace. An
adaptation is a more or less persistent changetructsre and/or
function following training, which enables the botty respond more
easily to subsequent exercise bouts. One examfiie decrease in heart
rate. Another is the increase in stroke volume. datther example is
muscle strength and bulk. All of these changes lentig heart, pump
out more blood at a lower energy cost to the haadtto generate more
force in the muscle than before training.

As mentioned earlier exercise physiology concenselfi with the
improvement of functional capacities. This intemasty be directed to:

(@). enhancement of health and physical fithegssthe general
population and

(b). towards optimizing performance in the varidyges and levels
of competitive athletics.
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20 OBJECTIVES
At the end of this unit, you will be able to:

define exercise physiology

state the difference between acute and chroniceeer

state the two main concerns of exercise physiolagy;

explain how exercise physiology relates to fitnéss all and
fitness for athletes.

3.0 MAINCONTENT

3.1 Physical Fitness and Exer cise Physiology

Physical fitness has been defined in many waysndans different

things to different people. However, there seembet@ basic premise
upon which most definitions are based. The hedltheindividual is of

major concern, and the highest priority is giverhe efficiency of his

energy systems. Physical fithess may, thereforé¢hdeght of as a way
of life in which there is a healthful interrelatexs of the body, mind,
and spirit life as an interdependent interrelatduble. A person who is
physically fit, therefore, possesses strength @achisa commensurate
with his medical limitations, to carry out his opational and leisure
time activities, without undue fatigue. This defion implies that

physical fitness is personal.

The upper limits of physical fitness that an indival can achieve are
determined by genetic factors, and physical fitnesguirements for
individuals are related to different types of plogsi challenges that
different people face. Thus, physical fitness for athlete means
intensive regular work to improve and maintain mascular strength
and endurance, power, and other functions requoeoke a successful
athlete, for a non-athlete who may never need riofaigt nor generate a
great deal of muscular power, physical fithess mmgan maintaining
enough strength and endurance to perform daily woeith ease,
participate successfully in recreational activitisd to help prevent
degenerative diseases. Since the nature of phyf#icass is personal,
exercise programmes that lead towards improveedgmust reflect a
personal exercise prescription. General physita¢$s training provides
for general needs. Specific needs are met by tr@ithiat is specifically
prescribed for the individual. Besides, physicaldss needs are not the
same for a given individual at all times throughbig life and by no
means the same for all peoples of a certain agbotr males and
females.
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Just as physicians choose from many drugs whenateeprescribed for
a particular ailment, there are also many exerdiening and
conditioning modalities, each of which can be miedifor administered
in terms of intensity, frequency, and duration tohiave optimal
physical fitness for each individual. Since exercpghysiology is the
study of how the body reacts to single and repebhteds of exercise,
the knowledge gained from it, therefore, can beduwe decide how
much exercise is enough, the relationship betweencese physiology
and physical fitness lies in the fact that improeatmof physical fithess
can only be optimally achieved through the applicabf the principles
of exercise physiology to physical fithess training

3.2 Athletic Conditioning and Exer cise Physiology

Athletic conditioning refers to the process by whindividuals become
physically fit for specialized athletic competitgrt is a special case of
physical fithess. Athletic conditioning does notlude the acquisition
of motor skills used in different athletic perfomuas, like the Fosbury
flop in the high jump, or the trap in soccer. Itnply means being
physically fit to meet the unique challenges of peiitive sports. This
type of fitness involves displaying a high levelnafiscular strength and
endurance, power, speed, agility, coordination,ctrea time, or
flexibility according to the demands of a particulsport. Through
athletic conditioning, for instance, a basketbdlhypr can develop
optimal leg power, speed, as well as augment tbeggrcapacity of the
muscle for success in competitive basketball.

The relationship between athletic conditioning &xércise physiology
is similar to that between physical fithess andrese physiology.
Athletic conditioning is the application of the kmiedge gained in
exercise physiology to improve the body’s capadity successfully
respond to special physical challenges of athtatiopetitions.

40 CONCLUSION

Exercise physiology describes and explains funati@manges brought
about by exercise. Changes that occur can be taingolong-term. It
also concerns itself with the improvement of fuocél capacities. The
knowledge gained in exercise physiology is appliedimprove the
body’s capacity to respond to physical challengesdaily life and
athletic competitions.
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50 SUMMARY

Exercise physiology is the subdivision of generhgwology that is
concerned with the description and explanationuricfional changes
brought on by single or repeated bouts of exerd¢sémprove human
functional capacities.

6.0 TUTOR-MARKED ASSIGNMENT

1. What is the difference between acute and chrexercise?
2. Discuss the relationship between physical $gnand exercise
physiology.
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MODULE 4

MODULE INTRODUCTION

Training helps in building the body by aiding ploai fithess. An

injury-free training and exercise are very impottém attaining the

potentials in training and exercise. The effectdha$ training on the
body and how injuries can be prevented during imgiand exercise are
discussed in this module.

UNIT 1 PHYSICAL TRAINING
CONTENT

1.0. Introduction
2.0  Objectives
3.0 Main Content
3.1 Principles of Training
3.2  Training Methods.
4.0 Conclusion
5.0 Summary
6.0  Tutor-Marked Assignment
7.0. References/Further Reading

1.0 INTRODUCTION

Different systems and organs systems are affecyedelieral factors.
One of such factors is training. The effects of aanute exercise are
transient but the effect of exercise undertakenlegly lasts a long time,
that is, an adaptation takes place which is beiakfié well-designed

programme of exercise is required to condition sistems in other to
function optimally. These training methods and destaffecting the

training methods will be discussed.

2.0 OBJECTIVES

By the end of this unit, you will be able to:

o define physical training
o list and describe the principles of training
o list and describe different types of training meto
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3.0 MAIN CONTENT

3.1 Principles of Training

In developing any training programme, several fectonust be
considered. These include progressive overloadtidur of the training
session, frequency of the training sessions, ttengity of the training
sessions, the purpose of the training sessionssaudficity.

Progressive Overload Principle

This principle of training means that for any impement to occur, the
workload for the training must be greater than lkb&d that can be
comfortably performed (overload) and that this Wosaki must be
gradually increased and the athlete becomes betterditioned
(progressive overload). The training load is therefelative to the level
of fitness of the individual. The fitter the persignthe more it will take
to improve that fitness. Finally, it becomes a eratof time and
motivation to continue as in the case of the athleho must devote
several hours a day to training to improve.

The duration of the training session depends ortytpe of activity or

sport which the athlete is pursuing and the intgnef the training

sessions. For example, the marathon rummer maydsgereral hours a
day running while a soccer player may spend 30 taghar so jogging
for general conditioning.

The frequency of the training sessions will dependhe intensity and
type of sport. For an endurance-training programfmaoderate to high
intensity, three to four sessions a week is adegioatimprovement. For
a low to medium-intensity exercise, five days a kveedaily exercise is
recommended. For a strength training programmedimthasizes high
intensity, 3 to 4 training sessions a week is best.

The intensity of the training programme can be meteged using the
heart rate method. It has been shown that the magnof the heart rate
response to an exercise load can be used as aatmdof the overload
that is being placed on the body in general, ardcérdio-respiratory
system specifically. The higher the heart rate oasp is, the grater is
the intensity of the exercise. Therefore, the idedetermining a target
heart rate (THR) to be reached during endurandeiricasessions has
been developed. One method of determining THRasmhximal Heart
Rate Reserve Method (HRR). The HRR is simply th#ewince

between the resting heart rate (RHR) and the matewt rate (MHR).
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HRR = MHR — RHR

For example, suppose your resting heart rate ivdfis per minute
(bpm) and your maximal heart rate 200 beats peutain

HRR =200 - 65

HRR = 135 beats per minute

The THR can then be determined as a percentageo{%)RR plus
RHR. Using the HRR from our previous example, a TefR75% of
HRR would be calculated as follows:

75% of THR = (0.75 x 135) + 65
=101.25 + 65
= 166 beats per minute

The exercise during the training programme, théoukl be intensive
enough to cause the heart rate to reach 166 bpm.

To use the above method to determine training sitynthe resting and
maximal heart rate must be known. The resting hezt¢ may be
determined by palpating the radial artery (at thiesty The number of
pulses should be counted for 15 or 10 seconds atiiptied by 4 or 6
for an accurate estimate of the heart rate in bgatsninute. The time
should start on the first beat palpated, but thentshould start on the
second beat. This is because the heart rate ia &@kéhe time between
two or more consecutive beats. Therefore, for @ur@te count, the first
beat palpated is not counted.

Direct examination of maximal heart rate is difficand involves
exercising the person to a maximal level while la¢ tsame time
determining heart rate with an electro-cardiograpbwever, estimates
based on age may be made from the following formula

Maximal Heart Rate = 220 — age
As an example, a 30-year-old person would havesimated MHR of
220 — 30 =190 bpm.

Specificity

Specificity is another training principle that mportant for the success
of any training programme. To be effective, traghnmust be specific to
the sport. The long-distance runner must run to imiae the
conditioning process for his sport. Two hours afthswimming training
each day will do to improve your running abilityikewise, a soccer
player will gain little help for his game of socd®sr shooting free throws
on the basketball court. The body adapts to theifspaype of stress
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under which it trains and the adaptation is specié the training
activity.

The implication of this is that training must beesific for not only

developing the specific muscle groups involved glavith the exact
movement skill, but also the major energy systemesigminantly used
during the performance of the sport or activitygirestion. For example,
the jogger interested in improving physical fithessuld want to

concentrate primarily on developing the aerobicygen) system, the
sprinter who is training for the 100-meter dash ldalevote most of his
time to the ATP-PC and the lactic (anaerobic) syst&t the same time,
a person who is training to compete in middle-giséaevents would
have to devote sufficient time to all three enesgstems.

3.2  Training Methods

Several training programmes have worked for differgeople
depending on the type of sport. These are intearal continuous
training methods.

Interval Training

This type of training involves short periods of walternated with short
periods of rest or reduced activity. The conceptnéérval training is
based on sound physiological principles. It hamlfeend that athletes
can do a greater amount of work if the total wakoroken into short
intense bouts- with short intervals of rest or @l activity relief
between consecutive work bouts. This is due talifierent interactions
between the energy systems involved. During inteeemi as compared
to continuous running, for instance, the energypBeg through
anaerobic glycolysis will be less and that via pgif@sphagen system
will be more. This means that less lactic aciddsumulated and thus
less fatigue is associated with intermitted workribg the rest interval,
a portion of the ATP and PC depleted during theguleng work bout is
replenished via the aerobic system. In additiorpogion of oxygen
bound to myoglobin is restored. Thus, during eachthat follows a rest
interval, the replenished ATP and PC, and oxygerestwill again be
available.

In addition to work and relief intervals, other rednles to be considered
in an interval-training programme are the number sets to be
performed per session, The number of repetitiomsseg training time,
training distance, and frequency. For example:

Set 1. 6 x 200 at 0: 30 sec (1: 30 sec rest)
Set 2: 6 x 400 at 0: 70 sec (0: 85 sec slow jog)
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In the first example, the athlete would run 6 réjmets of 200 meters
each completing the work interval in 30 secondsrasting one minute,
thirty seconds. In the second example, the setistsnef running six
repetitions of 400 meters each, completing the wiotkrval in 70
seconds. and resting 85 seconds between work atsewith slow

jogging.

The interval training approach can be used for atmany sports
activity, although it has received its greatest inseack, cross country,
and swimming. In designing an interval-training gnamme, five
variables must be individual must be individuallgjusted for each
athlete.

Rate and distance of the work interval.

Number of repetitions and sets during eacinitrgisession.
Duration of the rest and relief interval.

Type of activity during the rest interval.

Frequency of training per week.

"0 TQ

Continuous Training

This form of training involves continuous activitwithout relief

intervals. The training varies from high-intenstgntinuous activity of
moderate duration to low-intensity activity of extied duration. High-
intensity continuous activity (continuous fast ring) is performed at
work intensities that represent 85-95% of an irdinal’'s maximal heart
rate (max HR) or 80-905 of HRR. A middle-distandebamiles at an
average pace of 5 minutes a mile with an HR of bgth. A long-

distance runner may maintain a pace that is julsiwbais racing pace.
This method appears to be a very effective wayraihing endurance
athletes without requiring high levels of work, wfhniis both stressful
and uncomfortable. The constant pace at the neapettion level of
this type of training is advantageous since ithis most efficient and
physiologically sound way by which an athlete asathe best time.
This type of training would therefore aid in prepgr for active

competition. However, since it is very demandingtipalarly when

extended over weeks and months, it is suggestddittihe alternated
periodically with slower pace variations like loslpw distance running
(LSD) or Fartlek.

With LSD training, the athlete performs at a refaly low intensity e.g.,
60-80% of max HR or 55-75% of HRR. The pulse raklam gets
above 160 bpm for a young athlete who is twentg-fig thirty years
old, and 140 bpm for the older athletes. An endegannner using LSD
may run 15-20 miles a day with weekly distanced@d — 200 miles.
The pace is considerably lower than the maximune pghe athlete can
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sustain. The athlete capable of a 5-minute miles mamn train ata 7 — 8
minutes mile pace. Though the stress on the casggitatory system is
less and more tolerable compared to high-intergtytinuous running,
the extreme distances required can result in sagmf muscle and joint
discomfort and actual injury.

The LSD training programme is probably the mosteljicdused since it
Is suitable for several conditions. For examplés iiseful for the athlete
who participated in team sports and games to stagondition during
the off-season period, the older individual who tgato attain and
maintain an acceptable level of physical fithesg] ather individuals
who train for health-related reasons.

Fartlek training or speed play is another form ohttuous exercise
used primarily by long-distance runners. The aghledries his pace as
he wishes, from high speed to jogging. Fartlekntrey is performed in
rural lands where there are a variety of hills. eathlete is free to run
whatever course and speed he prefers, althoughspeed should
periodically reach high-intensity levels. Fartle&ining could be used to
supplement either high-intensity continuous runraengnterval training
since it provides variety for the normal trainirgutine. Its duration is
usually 45 minutes or longer.

4.0 CONCLUSION

The unit highlighted the basic principles of anyysibal training
methods as progressive overload, duration, anasitjeof the training
programme, the purpose of training, and specificity

The overload principles require that the trainimggoeater than the load
the athlete is used to and that the workload isea®ed as he becomes
better. For endurance training programmes, trainirignsity can be
judged from heart rate response to exercise. Tigettheart rate (THR)
should be between 80 and 90% of the maximal hatetreserve (HRR).
For anaerobic training, the heart rate should lieki8n or more.

The interval training system involves repeated ®oot hard work
alternated with rest or reduced activity. Interemttwork delays fatigue
and allows work to be performed at maximal intgndilanipulation of
the rate and distance of the work interval, the Inenof repetitions, and
the time and type of relief interval provide fotraining programme that
can meet the needs of everyone.
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5.0 SUMMARY

Other training methods include continuous fast nugnlong slow
running (LSD), and speed play (Fartlek) training.

6.0 TUTOR-MARKED ASSIGNMENT

1. What is Physical training?
2. List and describe the principles of training.
3. List and describe different types of trainingthods.
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1.0 INTRODUCTION
Earlier, we considered physical training, princgplef training, and
training methods. We noted that chronic exercisadsompanied by

changes. In this unit, some of these changes dsawedertain factors
that will modify these changes will be discussed.

2.0 OBJECTIVES

By the end of this unit, you will be able to:

o state major physiological adaptations that resatnftraining.

o list changes that occur in skeletal muscles waining

o state the major adaptations that occur in the ragpy and
circulatory systems

o list other changes that occur.

3.0 MAIN CONTENT

3.1 Physiological Adaptions to Training

The ability of man to excel in athletic performansérought about by a
series of reactions within the body’'s systems. As @ctivity is

prolonged. The muscles perform at their best, #erthand blood vessel
supply oxygen and nutrients, the nervous and enuocsystems
integrate these activities while the kidneys and sksist in maintaining
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fluid balance. As these different systems; cardsoudar, respiratory,
metabolic, and so on performing their roles in elger they are in turn
developed.

3.2  Neuromuscular Adaptation to Training

Skeletal muscle constitutes the single largest¢issass of the body and
has a remarkable ability to adapt to various foofgaining.

Studies have indicated that chronic exercise braigsit changes in the
thickness of cartilages, makes ligaments tendong, muscles strong.
The increase in muscular strength is brought abgugjains in muscle
size. This gain in size is referred to as hypehyopA loss in muscle
mass of a male is far greater than that of a femiaéepredominantly to
the male hormone known as testosterone. This hansosuppressed in
the female sex, and this accounts for the moresasgd muscle mass
and strength in the male. However, it has been rebdethat some
females tend to have increased muscles mass asul of weight
training. This increase is probably due to the @mes of higher
naturally occurring levels of testosterone but nawer rival the level in
men.

Physical training causes muscular hypertrophy @ua thange in the
structural components of the muscle. This structin@nge could be an
increase in the number of the fibers (hyperplasraan increase in the
size of the muscle fibers. Studies have; howewvadjcate that the
number of muscle fibers is fixed at birth. Hypeping is then due
largely to the increase in the size of fibers.

3.3 Changes in the Circulatory System

The circulatory or cardiovascular system perforhesrole of delivering
blood, and supplying oxygen and nutrient to, anthaeing waste
products of metabolism from the tissues. From mgstd exercise state,
several cardiovascular adoptions take place.

The changes include:

Decreased heart rate.
increased stroke volume.
increased cardiac Output.
increased Blood pressure.
changes in heart size.

arwnPE
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Decreased heart rate

This means that the heart will not need to beatyniemes a minute at
rest as it did before training decreasing stre$®e feart rate will be
lower at the same workload after training than @swbefore training.
The heart rate will return quickly to pre-exercigsvel following
exercise.

Stroke Volume

Stroke volume is known to increase with trainingeTincreased stroke
volume attributable to endurance training is relatean increased heart
volume, which itself, also results from endurancegning. It follows
then that a conditioned heart can deliver more dldban an
unconditional heart. Some authors have claimed thigh stroke
volumes are sometimes found in the absence of aaitaypertrophy.
This is attributed to greater contractility of theart muscle.

Cardiac Output

The cardiac output is the volume of blood ejectgdtte heart each
minute. The cardiac output at rest is 4 to 6 lifges minute. This value
can be increased 6-8 folds per minute in a weldd@mned athlete.
Cardiac output is one of the limiting factors irhlatic performance.
Cardiac output is a product of two factors heate end stroke volume.
The cardiac output thus equals heart rate timekestrolume.

Cardiac output rises with training. For examplehats been shown to
rise from untrained values of 22 and 16 L/min toa2wl 18 L/min for

adult males and females respectively with trainittgs increase in

cardiac output in endurance training is not a fiamcof higher maximal

heart rate since heart rate decreases with traiiing related to a
greater stroke volume.

Increase in blood volume and blood flow

Training enhances blood flow through the musclese Tncrease in
blood flow is facilitated by increased muscle styttn The increase in
muscle strength in muscle strength in the traimetividual facilitates
better extraction of oxygen needed during exercise.

In general, the blood flow from the heart is nohst@ant through all
tissues but varies with the tissue needs. Bloahisited from areas of
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less metabolic activity to those areas that arevelgtinvolved in the
exercise.

Change in heart size

Training leads to an increased in heart volume. dike of the heart of
an athlete in terms of volume is found to be gmetitan that of a non-
athlete. This increased in the volume means amaser in the blood that
fills the ventricle during systole. There is alsn @ncrease in size
(hypertrophy). Differences in cardiac hypertrophgdavolume are
related to the type of sports and physical acésitthe individuals
undertake.

3.4 Respiratory System Adaptations to Training

Pulmonary ventilation is increased with traininghe value could
change from 100 liters per minute to above 200diper minute in well-
conditioned male athletes. The increase is broagbut by both tidal
volume and respiratory frequency.

Training also brings about increased ventilatorficefncy. Thus, a
conditioned individual would record less oxygenractive muscles but
more to the working muscles.

Training results in improved pulmonary functionsdatarger lung
volumes in most cases. Trained and well-conditionéd/iduals record
larger lung volumes than unconditioned persons mxéer residual
volume. The diffusion capacity of conditioned indivals is larger than
that of unconditioned persons. This phenomenon tisbated to
training. It could also be due to larger lung voasn which will
facilitate greater alveolar capillary surface area.

3.5 Biochemical (Metabolic) Adaptations to Traimg

Training is associated with certain biochemicalrges. These changes
are both aerobic and anaerobic.

Aerobic changes
These changes include:
a. Increased myoglobin: The myoglobin in the wogkimuscle

increases substantially with training. Myoglobiorss oxygen.
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This aids the delivery of oxygen from the cell mearte to the
mitochondria where it is utilised.

b. Increased oxidation of carbohydrates. The agpatthe skeletal
muscles to oxidize carbohydrates (glycogen) to pcedATP is
increased substantially with training. There i®als the amount
of glycogen stored in the muscle following training

C. Increased oxidation of fat: following endurantaining the
oxidation of fat, like glycogen, in the presence axXygen is
increased. Fat is a major nutrient that suppliesrggnto the
skeletal muscles during endurance exercise. In rande
exercise, trained individuals oxidize more fat aness
carbohydrate than untrained persons.

Anaerobic changes
Two important anaerobic changes are related toitgi

a. Increased ATP-PC capacity. With endurance itrgjn the
capacity of the phosphagens (ATP-PC) increases.ekample,
the muscular store of ATP has been shown to inerbgsabout
40% after some months of training.

b. Increased anaerobic glycolysis. Training affecnaerobic
glycolysis. The activities of glycolytic enzyme &dies are
considered advantageous because they speed upattheand
guantity of glycogen broken down to lactic acid.isTincreases
the energy derived from the lactic acid system.

3.6 Body Composition Adaptations to Training

Many changes occur in body composition after enugatraining.

These changes include a decrease in total bodwrfaiticrease in lean
body weight, and a decrease in body weight. Thasages are readily
seen in the sedentary or obese individual thamenatctive person. The
amount of exercise that will bring about a givendypacomposition

change depends on the subject's body weight, tigestls average
daily caloric intake, and the desired weight returct

Regular physical exercise causes a substantiattieduin both blood
cholesterol and triglycerides levels. This chargyenore pronounced in
individuals who initially have high blood cholesterand triglyceride
levels.

Similar regular exercise is beneficial in reducnegting blood pressure
in individuals with high blood pressure.
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3.7 Factors Influencing Training Effects
Many factors are known to influence training effedhey include:

I intensity of training
. duration of training
iii.  frequency of training
V. mode of exercise

V. hereditary.

4.0 CONCLUSION

Certain changes accompany physical training. Thkaages are seen in
the muscular, respiratory and circulatory systerhgre is an increase in
muscular strength and circulatory efficiency.

Other changes seen include reduction in body f#t &n increase in
lean body tissue. Training also enhances aerolpaactizes. Certain
actors affect training effects. Such factors aréensity, duration,
training mode and hereditary.

5.0 SUMMARY

The ability of man to excel in athletic performansérought about by a
series of reactions within the body’'s systems. As @ctivity is
prolonged. The muscles perform at their best, #erthand blood vessel
supply oxygen and nutrients, the nervous and enuwocsystems
integrate these activities while the kidneys and sksist in maintaining
fluid balance.

6.0 TUTOR-MARKED ASSIGNMENT

1. State major physiological adaptations thatltésam training.

2. List changes that occur in skeletal muscleb wéining

3 State the major adaptations that occur in #spiratory and
circulatory systems.
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1.0. INTRODUCTION
More than 6 out of 10 people who start an exergrsgram drop out in
the first 6 weeks often because of an injury. liegiican be prevented by

scheduling workouts 48 hours apart. It is also irtgpd to state that,
people should stop exercising immediately if thegl jpain.

2.0 OBJECTIVES

By the end of this unit, you will be able to:

o identify common causes of injuries
o explain acute sports injuries
o describe overtraining and its common causes.

3.0 MAIN CONTENT

3.1  How to Prevent Injury

Two types of muscle discomfort may be felt afterereise. The
desirable type, delayed onset muscle sorenessndbssart until several
hours after exercising intensely. Usually, it aféooth sides of the body
equally, goes away 48 hours later, and feels batter the warm-up for
the next workout. The undesirable type, which iathks injury, is
usually felt soon after it occurs, is worse on et of the body, does
not disappear 48 hours later, and becomes much severe if a person
tries to exercise.
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Injury is best prevented by warming up the musblefore exercising,
followed by stretching and cooling down after exang.

Warming Up: starting exercise at a lower intensity (for example
walking rather than running or using lighter weghtraises the
temperature of muscles by increasing blood flow.rwanuscles by
increasing blood flow. Warm muscles are more péiaid less likely to
tear than cold muscles, which contract sluggishilyerefore, warming
up helps prevent injuries.

Stretching: stretching lengthens muscles and tendons, and byere
improves flexibility. Longer muscles can generaterenforce around
joints, helping a person jump higher, lift heawezights, run faster, and
throw farther. However, stretching, unlike exemgsiagainst resistance
(as in weight training), does not strengthen mussclehere is scant
evidence that stretching prevents injuries or dedagnset muscle
soreness, which is caused by muscle fiber damagperéon should
stretch only after warming up or exercising whea thuscles are warm
and less likely to tear.

Cooling Down: slowing down gradually (cooling down) at the enfd
exercise helps prevent dizziness. When the leg lemigelax, blood
collects (pools) in the veins near them. To retine blood toward the
heart, the leg muscles must contract. When exelciseddenly stopped,
blood pools in the legs, and not enough blood godle brain, causing
dizziness. By preventing blood from pooling, coglidown also helps
the bloodstream to speed up its removal of laatid,aa waste product
that builds up in the muscles after exercise. lcaatid does not cause
delayed-onset muscle soreness, so cooling down maeprevent this
soreness.

3.2 Common Causes of Injuries

high-impact activities,

rapid conditioning programmes (doing too mumh quickly),
improper shoes or training surfaces, and

anatomical predisposition (that is, body prcgign

apop

High-impact activities and a significant increaseguantity increase in
guantity, intensity, or duration of activities drg far the most common
causes of injuries. The body requires time to adapinore intense
activities. Most of these injuries can be preveritedugh more gradual
and correct conditioning (low-impact) programme.
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Proper shoes for specific activities are essenfddoes should be
replaced when they have a lot of wear and teateSbthining surfaces,
such as grass and dirt, produce less trauma tipralagnd concrete.

Because few people have perfect body alignmentyieg associated
with overtraining may occur eventually. In case iofury, proper

treatment can avert a lengthy recovery processimnsary of common
exercise-related injuries and how to manage théowe.

3.3 Acute Sports Injuries

The best treatment always has been preventionn ladivity causes
unusual discomfort or chronic irritation, you needtreat the cause by
decreasing the intensity, switching activities, sitbting equipment, or
upgrading clothing (such as buying properly-fittstgpes).

In cases of acute injury, the standard treatmerggt cold application,
compression or splinting (or both), and elevatidrthe affected body
part.

This is commonly referred to &CE:

R = Rest

| = Ice (cold) application
C = Compression

E = Elevation

Cold should be applied three to five times a daylfdminutes at a time
during the first 24 to 36 hours, by submerging itijared area in cold
water, using an ice bag, or applying ice massadke@ffected part. An
elastic bandage or wrap can be used for compredsievating the body
part decreases blood flow (and therefore swelling)hat part of the
body.

The purpose of these treatment modalities is tarmse swelling in the

area, which hastens recovery time. After the f86tto 48 hours, heat
can be used if the injury shows no further swellangnflammation. If

you have doubts as to the nature or seriousnefiseohjury (such as
suspected fracture), seek a medical evaluation.

Obvious deformities (exhibited by fractures, disibons, or partial
dislocations, as examples) call for splinting, cafgplication with an ice
bag, and medical attention. Do not try to reset@iese conditions by
yourself, because you could further damage mustigsments, and
nerves. Treatment of these injuries always shoeldnbthe hands of
specialised medical personnel. A quick referendadegtor the signs or
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symptoms and treatment of exercise-related problerpsovided in the

table below:
INJURY SIGNS/SYMPTOMS TREATMENT
Bruise (contusion) Pain, swellingCold application

discoloration

compression, re:

Dislocations/FracturePain, swelling, Splinting, cold
application; seel

deformity

medical attentio

)

Heat cramp

Cramps, spasms, ai&lop activity, get out o
muscle twitching in heat, stretch, massa
the legs, arms, andhe painful area, drin

=R

A

abdome plenty of fluids
Heat exhaustion Fainting, profus8&top activity, rest in &
sweating, cool place, Iloose

cold/clammy skin

weakness, headache

weak/rapid pulse, cool/wet towel, drink

clothing, rub body with

plenty of fluids, stay ou
of heat for -3 days

<

it

Heat stroke

Hot/dry  skin, n
sweating, seriou
disorientation,
rapid/full pulse,
vomiting,  diarrhea
unconsciousness, hig
blood temperatur

0Seek medical attentior
srequest help and get o
of the sun, bathe in col

water/rub  body  with
ltold  towels,  drink
plenty of cold fluids

water/spray with cold

—

d

Joint sprains

Pain, tenderne
swelling, loss of use
discolouration

s€old application
,compression, elevatiot

hours (if no furthel
swelling)

rest; heat after 36 to 48

—

Muscle cramps

Pain, spasm

Stretch muscle(s),

involved aree

mild exercises  for

use

Muscle soreness ar
stiffness

id’enderness, pain

Mild stretching, lo
intensity exercise, warr
bath

-

Muscle strains

Pain, tenderne
swelling.

s€old application
compression, elevatiot
rest, heat after 36 t0 4
hours (if no further
swelling)

8

Shin splints

Pain, tenderness

Cold application rf
to and following any

heat (if no activity is

physical activity, rest;

rio

carried out
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Side stich Pain on the side of thBecrease level af
abdomen below thephysical activity or stop
rib cage altogether, gradually

increase level of fithe

Tendinitis Pain, tenderness, lgdReat, cold application);
of use heat after 48 hou

Source: Hoeger & Hoeger, 2007.
3.4 Overtraining

In any fitness conditioning programme, rest is img@ot. Although the
term overtraining is associated most frequently with athletic
performance, it applies just as well to fitnesstipgrants. We all know
that hard work improves fitness and performancedHiaining without
adequate recovery, however, breaks down the bodyeaals to loss of
fitness.

Physiological improvements in fitness and conditignprogrammes
occur during the rest periods following trainings A rule, a hard day of
training must be followed by a day of light traiginEqually, a few
weeks of increased trainingplume are to be followed by a few days of
light recovery work. During these recovery periotgmdy systems
strengthen and compensate for the training loaaflimg to a higher
level of fitness. If proper recovery is not buitte the training routine,
overtraining occursOvertraining is an emotional, behavioural, and
physical condition marked by increased fatiguere@sed performance,
persistent muscle soreness, mood disturbances, fasting of
“staleness” or “burnout” as a result of excessikggical training.

3.5 Common Signs of Overtraining

- Decreased fitness

- Decreased sports performance

- Increased fatigue

- Loss of concentration

- Staleness and burnout

- Loss of competitive drive

- Increased resting and exercise heart rate
- Decreased appetite

- Loss of body weight

- Altered sleep patterns

- Decreased sex drive

- Generalised body aches and pains

- Increased susceptibility to illness and injury
- Mood disturbances

- Depression.
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4.0 CONCLUSION

To enjoy and maintain physical fithess, preventingiry during a
conditioning programme is essential. Exercise-eelatnjuries are
common in individuals who participate in the exseciprogramme.
Some of the injuries identified in this unit are: ruBe,
Dislocations/Fracture, Heat cramp, Heat exhaustMuoscle cramps,
Muscle strains, Shin splints, etc. Overtraining arsdcommon signs
were also discussed.

5.0 SUMMARY
The ability of man to excel in athletic performanedrought about by a
series of reactions within the body’s systems.esdctivity is

prolonged.

6.0 TUTOR-MARKED ASSIGNMENT

1. How can you prevent injuries during a condithgnprogramme?

2. List 10 acute sports injuries and explain tsgimptoms and
treatment.

3. What is overtraining?

4. What are the causes of overtraining?
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MODULE 5

MODULE INTRODUCTION

Exercise is very effective in the proper functianof the circulatory and
respiratory systems. The roles exercise playserfuhctioning of these
systems are discussed in this module.

UNIT1 THECIRCULATORY SYSTEM AND EXERCISE
CONTENT

1.0 Introduction

2.0 Objectives

3.0. Main Content
3.1  Definition of the Circulatory System
3.2 The Heart
3.3  Components of Circulation
3.4  Cardiac Output
3.5 Blood Pressure
3.6 Resistance

4.0 Conclusion

5.0 Summary

6.0 Tutor-Marked Assignment

7.0 References/Further Reading

10 INTRODUCTION
In this unit, we shall be looking at the circulgt®ystem and how it
functions in exercise. The circulatory system i® thystem that

transports gas and gas exchange between the blubdha tissues
occur.

20 OBJECTIVES

By the end of this unit, you will be able to:

° list the functions of the circulatory system

) describe the components of circulation

o distinguish between Heart Rate, Stroke Volume, @adiac
Output

o describe how blood is distributed during rest axerese

o define blood pressure and

o list and describe factors that affect blood flow.
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3.0 MAIN CONTENT

£
I 3@
| S

Pulmonary
circulation

Left side
Right side of the heart

of the heart

Systemic circulation

3.1 Definition of the Circulatory System

The circulatory system is a transport system, wtaalries important

nutrients to the tissues, supplies oxygen to thsuéis, and removes
wastes products of metabolism like £@actic acid, and heat. It also
helps to regulate the body temperature. The systamaists of the heart
and the blood vessels.

3.2 TheHeart

The heart is a hollow muscular organ the size dbaed fist, located in
the chest between the two lungs. It has four chasnbEhe upper
chambers are known as the right and left atria,thedower ones, the
right, and left ventricles. The upper chambers separated from the
lower chambers by valves, atrial on the left ang tificuspid valve on
the right side. The ventricles are also separatewh the large vessels
that carry blood away from the heart by valvestiaaalves on the left
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and pulmonary valves on the right. The valves r&gukhe flow of
blood.

3.2 Componentsof Circulation

The circulatory system has two components; systangt pulmonary
circulation. Systemic circulation circulates oxyg&d blood from the
left ventricle to all parts of the body. Pulmonasiyculation carries
deoxygenated blood from the right ventricle to thengs for
oxygenation.

Blood flow and Gas Transport.

The oxygen and carbon dioxide content of bloodifiemnt at rest and
during exercise. During exercise, there is a langerease in gas
transport due to an increase in cardiac outputadidtribution of blood.

3.3 Cardiac Output

This is the amount of blood pumped by the hearh @ainute. When the
heart contracts (beats) as much blood leaves gt side to the left
side. Cardiac output increases during exercise tafioerfold (times)
from rest. Cardiac output is larger in trained thatrained individuals.
Cardiac output is made up of stroke volume and these. stroke
volume is the amount of blood pumped by the heamshdeat. Heart rate
is the number of times the heart beats in one mintiterefore, cardiac
output is stroke volume times heart rate. incraaseardiac output is
brought about by the increase in heart rate okstvolume or both.

Stroke volume increases from rest to submaximalogse but not from
submaximal to maximal workload. Maximal stroke vokiis therefore
reached at submaximal workload when oxygen is ad0@b. Stroke
volume increases with training because strongeultreg in more
complete emptying. The heart rate at rest decreast#s training
because, with the increase in stroke volume, tlaetltlbes not need to
beat often.

The heart rate is often the most used index otiatory function during
exercise. Heart rate can be used to achieve tloavial:

- as a guide to the severity of work
- to assess the effects of training
- to develop training methods.

A large stroke volume and a slow heart rate indieat efficient system.
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Redistribution of blood

At rest muscles receive 15-20% of cardiac outph, rest goes to the
rest of the body. During exercise, 85-905 of thediee output goes to
the working muscles. The redistribution of blood dsie to a)

vasoconstriction of vessels supplying the inactimeiscles and b)
vasodilation of vessels supplying the active musBleod flow is also

affected by blood pressure and resistance.

3.4 Blood Pressure

Blood pressure is the amount of force that the dblexerts on the walls
of the blood vessels in which it is contained. Bldike gas moves from
an area of high to that of low pressure. Blood #ofwom the left
ventricle to the aorta because of higher pressutied heart. In the same
way, blood flows from the aorta to the other vessmid back to the
heart for the same reason.

The pressure fluctuates in the arteries. It ishighest during systole
(contraction of the heart) and the lowest duringstble (relaxation).
Blood pressure is measured in millimeters of mercgmmHg) with

arterial blood pressure (BP) expressed as the Igystalue over the
diastolic value e.g., 120/80mmHg. BP affects fldwe higher the BP,
the more the flow, the lower the BP, the less tow f

3.5 Resistance

This is the resistance offered to the driving fo(B&) by the system
caused by friction between blood and vessel. Thatgr the friction, the
greater the resistance. Resistance is due teisbaesity anddiameter of
the vessel. The more viscose (thick) the blood, the more #wstance.
The smaller the diameter of the vessel, the moeerésistance. The
vasodilation and vasoconstriction occurring in tweerioles control
blood flow to an extent. Vessels supplying the viggkmuscles dilate
during exercise while the others constrict. Thizréases the blood flow
to the working muscles.

40 CONCLUSION
The circulatory system, which carries oxygen anttients to all parts
of the body and removes wastes, does so throughetiie and the blood

vessels. It has two components, pulmonary andsyste

Cardiac output is the amount of blood pumped outhgy heart every
minute. Stroke volume is the amount pumped outoeat. Heart rate is
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the number of times the heart beats per minute. prbduct of stroke
volume and heart rate is cardiac output.

Blood pressure is the amount of force that the dblexerts on the walls
of the blood vessels. There is usually frictiorvetn the blood and the
vessels due to the thickness of the blood and maeter of the blood
vessels. This causes resistance that can incréas® firessure.

50 SUMMARY
The circulatory system is the system that transpgas and gas
exchange between the blood and the tissues occur.

6.0 TUTOR-MARKED ASSIGNMENT

State the functions of the circulatory system.

How is blood distributed during rest and exaz@i

Describe the components of circulation.

Distinguish between Herat Rate, Stroke Volumed Cardiac
Output.

PONPE
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UNIT 2 RESPIRATORY SYSTEM AND EXERCISE
CONTENT

1.0 Introduction

2.0 Objectives

3.0. Main Content
3.1. Structure Respiratory System
3.2. Functions of the Respiratory System
3.3. Mechanics of Respiration
3.4. Muscles of Respiration
3.5. Ventilation During Exercise and Rest
3.6. Gas Exchange and Transport Diffusion
3.7. Other Factors Affecting Diffusion
3.8. Transport of Gases

4.0. Conclusion

5.0 Summary

6.0. Tutor-Marked Assignment

7.0. References/Further Reading

1.0 INTRODUCTION

Cardio-respiratory  considerations involve the cdesation of
respiratory and circulatory systems and their imgolent during
exercise. In this unit, we will consider the regpary system. It is in this
system that the movement of air to and from thgdutakes place along
with the exchange of oxygen and carbon dioxide betwthe lungs and
the capillaries.

20 OBJECTIVES
By the end of this unit, you will be able to:

describe briefly the structure of the respiratgrgtem

list the functions of the respiratory system

define the various static and dynamic volumes

list the muscles that operate in quiet respirateord during
exercise and

o explain how gases are transported.
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3.0 MAINCONTENT

3.1. StructureRespiratory System

\
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The cells of the body need energy for all theirabetic activities. Most
of this energy is derived from chemical reactiombjch can only take
place in the presence of oxygenYOrhe main waste product of these
reactions is carbon dioxide (GO The respiratory system provides the
route by which the supply of oxygen present in #gtmospheric air
enters the body, and it provides the route of dkmrefor carbon
dioxide.

The condition of the atmospheric air entering thedyb varies
considerably according to the external environmerd,, it may be dry
or moist, warm or cold, and carry varying quansited pollutants, dust,
or dirt. As the air breathed in moves through tingpassage to reach the
lungs, it is warmed or cooled to body temperatsayrated with vapour
andcleanedas particles of dust stick to the mucus which €tia lining
membrane. Blood provides the transport system $aar@ CQ between
the lungs and the cells of the body. The exchargmses between the
blood and the lungs is callexkternal respiratiorand that between the
blood and the cells is calledternal respiration The following are the
organs of the respiratory system;
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- Nose

- Pharynx

- Larynx

- Trachea

- Two bronchi (one bronchus to each lung)

- Bronchioles and smaller air passages

- Two lungs and their coverings, the pleura and

- Muscles of breathing-the intercostal muscles aagitiagm.

3.2 Functions of the Respiratory System
The followings are the major functions of the regqry system;

- Exchange of gas i.e., oxygen and carbon dioxidevdxt the
lungs and the atmosphere, between the blood aswkteells.

- It also helps in the regulation of acid-base (ptydrogen ions
concentration in the blood) and

- In the production of sound.

3.3 Mechanicsof Respiration

The gas exchange between the atmospheric air arairtin the lungs is
brought about by pressure changes (gradient). ifdo dlow into the
lungs during inspiration the atmospheric pressutstnbe higher than
the pressure in the lungs and for air to leaveuhgs during expiration
the pressure in the lungs must be higher than gtners pressure. The
same principle holds for the gaseous exchangeeitisghue between the
blood and tissue cells.

34 Musclesof Respiration

The most important muscle of respiration is thepdragm. The
lowering of pressure in the lungs during inspimatis brought about by
the descent of the diaphragm and the contractiorthef external
intercostal muscles, which raises the ribs in qumspiration. Quiet
expiration is passive and largely brought abouth®y elastic recoil of
the muscles by inspiration.

During exercise, the metabolic demands are greatdrtherefore the
rate and depth (frequency and tidal volume) arecese. More muscles
assist respiration during exercise. Inspiratiorbisught about by the
diaphragm, external intercostal muscles, sterndoiaeastoids, and
scalene muscles. Expiration during exercise iscaloe the abdominal
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muscles and internal intercostal muscles that drMower ribs down
and medially.

Lung Volumes and Capacities
Respiratory volumes and capacities are measurédangpirometer.
Static Volumes

These include Tidal Volume (TV), Inspiratory Reseivolume (IRV),
Expiratory Reserve Volume (ERV), Vital Capacity (/CResidual
Volume (RV), Total Lung Volume (TLV).

TV is the amount of air moved in or out of the langith each breath.
Normal values = 0.4 to 0.6 liters.

IRV is the amount that can be inhaled at the endooimal inspiration.
Normal value is 2.5 to 3.5 liters.

ERV = Amount that can be exhaled at the end of abrexpiration.
Normal value is 1.0 to 1.5 liters.

VC = Amount of air that can be forcefully exhaleafter maximal
inspiration. Average value is 3 to 4 liters for wem and 4 to 5 liters for
men.

RV = Volume of air left in the lung after maximatmration. Average
value is 1.0 to 1.2 for women, 1.2 to 1.4 for men.

TLC = Volume of air that the lungs can hold andiimade up of VC
and RV. Lung volumes change with age, sex and lsmby especially
height. For this reason, lung volumes should ordyebwaluated about
these variables.

Dynamic Volumes

Dynamic volumes are important in evaluating lunghction. An
individual can sustain high levels of airflow, raththan the quantity of
air in the lungs that is indicative of good lungdétion.

Dynamic volumes depend on VC and the speed witlchwtiiis volume
(VC) can be moved. This speed (velocity of airflagv)n turn dependent
on the resistance offered by the chest and lursydigdo a change in
shape during breathing.
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A person with severe lung disease can return a alou@ value if no

time is placed on it. This is why physicians useaiyic volumes, which
places time on VC to evaluate lung function. Twoawyic volumes are
normally used. These are Forces Expiratory VolurREVfo) and

Maximum Voluntary Ventilation (MVV)

FEV10 = the percentage of vital capacity that can be rexpin one

second.

This provides an indication of expiratory power awerall resistance to
air movement in the lungs. Normally about 80% adélcapacity can be
expelled in one second. This amount is severelyaedl in obstructive
lung disease like emphysema or bronchial asthma.

MVV = the maximal amount of air that can be m@bwe and out of the
lungs in one minute. Usually, the test is for 15osels and then the
amount for one minute is extrapolated.

MVV in normal people is 140-180 in men and 80 td0 lIRers in
women. The value is higher in athletes. In lungeds®, the value is
about 40%. Breathing exercise is useful in imprgwynamic volumes.

3.5 Ventilation During Exercise and Rest

Pulmonary ventilation comprises inspiration and ietpn i.e.,
movement of air in and out the lungs. The amounaiofinspired or
expired in one minute is called minute ventilatMB. This is made up
of tidal volume and frequency (breaths per minut&). rest time
ventilation is between 4 and 15 liters. Tidal vokum between 0.4 and
0.6 liters while frequency is between 10 and 2&tire per minute.

During exercise minute ventilation increase to t0@ven 150 liters per
minute depending on the intensity of exercise &edamount of oxygen
consumed and carbon dioxide produced. Minute \siti Iis
disproportionate to oxygen consumption at a neaximma level of
oxygen consumption. It is proportionate to workloddhe higher the
exercise intensity, the higher the ventilation. ¥ation, therefore, does
not limit exercise.

Anaerobic Threshold

During steady rate exercise (exercise of low to enatk intensity)
sufficient oxygen is supplied to muscles. Undes tbondition, lactic
acid does not accumulate. However, if aerobic nudistn is insufficient
to produce all the ATP required, anaerobic metabolcontributes and
lactic acid builds up. The onset of this anaeradaintribution is called
the anaerobic threshold. This occurs normally betw®5 and 65% of
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maximum oxygen uptake in healthy individuals. Ithigher in trained
than untrained people.

Dead Space

Only a part of the inspired air reaches the alvaoll takes part in the
exchange of gases. That portion that takes paatvieoli ventilation is
called effective tidal volume. The volume that ramsan the respiratory
passage is called dead space air. Dead spacepandieon the size in
Ibs. If you weigh 200lbs, your dead space air isual200 milliliters
(mls).

3.6 GasExchangeand Transport Diffusion

The exchange of gas between the alveoli and theddod between the
blood and tissue fluid is due to the process ofudibn. This is the

random movement of gas from an area of high conggom or pressure
to that of lower concentration or pressure duééar tkinetic energy.

Partial Pressure of Gases

The movement of gas is dependent on the partiglasés. The partial
pressure of a gas is defined as the pressure dxbytahat gas. For
oxygen to diffuse from the air in the alveoli tolponary capillary
blood, the blood pressure of oxygen {P@ the alveoli must be higher
than the pressure of oxygen fPh the blood. Just the opposite is true
of carbon dioxide. The pressure of carbon dioxiB&)(in the blood
must be higher than in the alveoli. The exchanggas in the tissue
follows the same pattern.

3.7 Other Factors Affecting Diffusion

Apart from partial pressure which is the most intaot, three other

factors affect gaseous exchange these are:

1. The thickness of the membrane across whiclgy#élses exchange
occurs (The length of the diffusion path). Theckler the
membrane (like in lung disease), the lesser tfiesion.

2. The number of red cells which transports the yad the amount
of hemoglobin. The more of these variables, theamr the
diffusion.

3. The surface area available. This deals withriln@ber of open

capillaries that are in direct contact with the tdated alveoli or
tissue. Exercise increases the number of ventilatedoli and
open capillaries. That is why athletes have higt#fusion
capacities than non-athletes.
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3.8 Transport of Gases

Oxygen and carbon dioxide are carried in the blootéivo ways: (1)
Dissolved in plasma (2) attached to hemoglobin. fée gas is carried
and dissolved in plasma 1.5 and 5 percent $an@ CQ respectively.
On average, approximately 20ml. of oxygen is cdrmgth hemoglobin
in each 100ml, of blood when hemoglobin is fullytusated with
oxygen. This amount is significantly reduced inraree In the lungs at
the normal alveoli POof 100mmHg, hemoglobin carries about 19.7 mls
of oxygen while 0.3ml of oxygen is carried dissalva solution. The
saturation of hemoglobin changes very little unkie pressure falls
below 60mmHg. This is a safety measure, which asstirat the blood
is adequately loaded with oxygen. Even if the dle@ressure of
oxygen (P9 is reduced to 75mmHg as might happen in altitode
certain lung diseases hemoglobin saturation is dolyered by 6%.
Below this pressure, however, there is a sharp dinopemoglobin
saturation with @

At rest, the tissue B0n the cell fluids is about 40mmHg. Dissolved
oxygen diffuses into the cells this reduces themka P@ below the P9

in the red blood cell, and hemoglobin is not aldenrtaintain its high
oxygen concentration. At the tissue level therefath a PQ of 40
mmHg hemoglobin holds 70% total oxygen. Blood legvihe tissues
carries about 15mls of oxygen every 100mls of bldgdarly 5mis of
oxygen has been released to the tissue. Theseedifes in the oxygen
content of arterial and mixed venous blood arerrefeto as arterio-
venous oxygen differences or a —\tlfferences.

During exercise the tissue Pdecreases and can decrease to about
15mmHg and only about 5ml of 02 remain bound to ¢glsbin and the

a- Vo difference increase to 15mls. During exhaustiver@ge when
tissue P9 falls to about 3mmHg. Almost all of the, hound to
hemoglobin is released to the tissue cells. Itvislent then that even
without an increase in blood flow, the amount of@en released to the
muscle can increase almost three times above tratally supplied at
rest just by more complete unloading of hemoglobin.

Apart from partial pressure, a saturation of herbgl with oxygen is
affected by such factors as the temperature oblihed the pH (acidity)
of the temperature and carbon dioxide in the bla®treases the
effectiveness of hemoglobin to hold oxygen, espigcia the PQ range
of 20-50mmHg. This is usually the case during vigr exercise and is
Important since it causes more oxygen to be rete&sehe working
muscles.
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This phenomenon referred to as “Bohr effect” isimad in the lungs
during exercise. This is important because it adlofe complete loading
of hemoglobin in the lungs.

Transport of carbon dioxide

Like oxygen-carbon dioxide is carried by the blanghysical solution
(dissolved) and in a chemical solution. About 5%Gtb produced is
carried in physical solution in the plasma. The Cérried in chemical
combination is in two forms one form is bicarboniate. About 65% of
CQ:is carried in that form. The other chemical forntadled carbomino
compound. The carbon dioxide is combined with tHebig of
hemoglobin and proteins found in plasma. About 23%e total CQis
carried in that form.

40 CONCLUSION

Pulmonary ventilation is the movement of air in and of the lungs the
respiratory system functions to exchange gasegjlatagl acid-base
balance, and helps in the production of sound.

Gas exchange is determined by the partial presstirexygen and
carbon dioxide. The most important muscle of regmn is the
diaphragm. It is assisted by the external inter@as quiet respiration.
During exercise, other muscles assist.

There are static and dynamic lung volumes thatbeameasured with a
spiro and used to evaluate lung function.

5.0 SUMMARY

Cardio-respiratory considerations involve the cdesation of
respiratory and circulatory systems and their imgoient during
exercise. In this unit, we will consider the regpary system. It is in this
system that the movement of air to and from thgdutakes place along
with the exchange of oxygen and carbon dioxide betwthe lungs and
the capillaries.

6.0 TUTOR-MARKED ASSIGNMENT
1. What muscles operate in the quiet respiratang which ones

help during exercise?
2. What is partial pressure? What is its rolegispiration?
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MODULE 6

MODULE INTRODUCTION

Flexibility is a significant component of physiciitness with various

effects on the body. With different flexibility esases, muscular

flexibility can be attained. This module therefopeesents and explains
muscular flexibility, flexibility exercises and hostrength and power
can be developed.

UNIT 1 MUSCULAR FLEXIBILITY
CONTENT

1.0 Introduction

2.0 Objectives

3.0 Main Content
3.1 Flexibility
3.2 Benefits of Good Flexibility
3.3. Flexibility in Older Adults
3.4. Factors Affecting Flexibility
3.5. Principles of Muscular Flexibility Prescrigi
3.6. Frequency of Exercise
3.7. When to Stretch?

4.0 Conclusion

5.0 Summary

6.0  Tutor-Marked Assignment

7.0 References/Further Reading

1.0 INTRODUCTION

Most people who exercise do not take the timeretdt, and many who
do stretch don’t stretch properly. When joints acg regularly moved
through their normal range of motion, muscles aganhents shorten in
time, and flexibility decreases. Most fitness pgrants underestimate
and overlook the contribution of good muscular itddiky to overall
fithess and preventive health care.
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2.0 OBJECTIVES

By the end of this unit, you will be able to:

explain the importance of muscular flexibility tdegjuate fitness
identify the factors that affect muscular flexityli
explain the health-fitness benefits of stretching

discuss the principles that govern the developnoémhuscular
flexibility.
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3.0 MAINCONTENT

31 Flexibility

Flexibility refers to the achievable range of matet a joint or group of
joints without causing injury. Some muscular/ skalgroblems and
injuries are related to a lack of flexibility. Iraidly life, we often have to
make rapid or strenuous movements we are not awoest to making.
Abruptly forcing a tight muscle beyond its achieleabange of motion
may lead to injury.

A decline in flexibility can cause poor posture aubbsequent aches and
pains that lead to limited and painful joint movernelnordinate
tightness is uncomfortable and debilitating. Appnaoately 80 percent of
all low-back problems in the United States stemmframproper
alignment of the vertebral column and pelvic girddedirect result of
inflexible and weak muscle.

3.2 Benefitsof Good Flexibility

Improving and maintaining a good range of motion the joints
enhances the quality of life. Good flexibility protes healthy muscles
and joints. Improving the elasticity of muscles aswhnective tissue
around joints enables greater freedom of movemmshti@e individual's
ability to participate in many types of sports aedreational activities.
Adequate flexibility also makes activities of daliying such as turning,
lifting and bending much easier to perform. A persoust take care,
however not overstretch joints. Too much flexigilleads to unstable
and loose joints, which may increase injury ratesluding joint
dislocation and subluxation.

Taking part in a regular stretching programme iases circulation to
the muscle’s being stretched, prevents low-backadher spinal column
problems, improves and maintains good posturalnalgnt promotes
proper and graceful body movement, improves petsap@zearance and
self-image, and helps to develop and maintain mskdls throughout
life.

Flexibility exercises have been prescribed sucodgsfto treat

dysmenorrhea (painful menstruation) general neusomrdar tension
(stress) and knots (trigger points) in muscles d&astia. Regular
stretching helps decrease the aches and painsdchysgsychological

stress and contributes to a decrease in anxiebgdbpressure, and
breathing rate. stretching also helps relieve neuschmps encountered
at rest or during participation in exercise.

81



KHE 436 PHYSIOLOGY APPLIED TO PHYSICXNDITIONING

Mild stretching exercises in conjunction with ctienics are helpful in

warm-up routines to prepare for more vigorous aera strength-

training exercises, and in cool-down routines follty exercise to

facilitate the return to a normal resting statetigtee muscles tend to
contract to a shorter-than-average resting lengthséretching exercises
help fatigued muscles reestablish their normalngséength.

3.3 Flexibility in Older Adults

Similar to muscular strength good range of motisrecritical in older
life. Because of decreased flexibility, older adudise mobility and may
be unable to perform simple tasks such as bendingafd or turning.
Many older adults cannot turn their heads or rotiagr trunks to look
over their shoulder but, rather must step aroun® t60180 to see
behind them. Adequate flexibility is most importaim driving,
individual who loses range of motion with age amahle to look over
their shoulder to switch lanes or parallel-parkjclhhincreases the risk
for automobile accidents.

Physical activity and exercise can be hamperedregvby a lack of a
good range of motion. Because of the pain durintyific older people
who have tight hip flexors (muscles) cannot jogwalk very far. A
vicious circle ensues, because lack of flexibiatgo may be a cause of
falls and subsequent injury in older adults. A dengtretching program
can alleviate or prevent this problem and help fgeopturn to an
exercisgorogram.

3.4  FactorsAffecting Flexibility

The total range of motion around a joint is higkpecific and varies
from one joint to another (hip, trunk, shoulder)wasll as from one
individual to the next, muscular flexibility relatgrimarily to genetic
factors and physical activity. Joint structure (shaf the bone) joint
cartilage, ligaments, tendons, muscles, skin, ¢isgyury, and adipose
tissue (fat)—all influence range of motion about j@nt. Body
temperature, age, and gender also affect flexybilit

The range of motion about a given joint dependstijmos the structure
of that joint. A greater range of motion, howevegn be attained
through plastic and elastic elongation. Plastic ngétion is the
permanent lengthening of soft tissue. Even thougint jcapsules,
ligaments, and tendons are nonelastic, they canergod plastic
elongation. This permanent lengthening, accompabiedin increase
range of motion, is best attained through slowssnset stretching
exercise.
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Elastic elongation is the temporary lengthening of soft tissue. Muscle
tissue has elastic properties and responds toclsingt exercises by
undergoing elastic or temporary lengthening. HEasélongation
increases extensibility, the ability to stretch tmeiscles. Changes in
muscle temperature can increase or decrease figxtiy as much as 20
percent. Individuals who warm up properly have dretiexibility than
people who do not. Cool temperatures have the dajepadfect,
impeding range of motion. Because of the effectdeofiperature on
muscular flexibility, many people prefer to do thsiretching exercise
after the aerobic phase of their workout. Aerolstivities raise body
temperature, facilitating plastic elongation.

Another factor that influences flexibility is thenaunt of adipose (fat)
tissue in and around joints and muscle tissue. &xadipose tissue will
increase resistance to movement, and the addedalsdkhampers joint
mobility because of the contact between body sedac

On average, women have better flexibility than mdenand they seem
to retain this advantage throughout life. Aging slogecrease the
extensibility of soft tissue, though, resulting less flexibility to both
sexes.

The most significant contributor to lower flexilyliis sedentary living.

With less physical activity, muscles lose theirsétaty and tendons and
ligaments tighten and shorten. Inactivity also teta be accompanied
by an increase in adipose tissue, which furtheredses the range of
motion around a joint. Finally, injury to muscledue and tight skin
from excessive scar tissue have negative effectsrange of motion.

3.5 Principlesof Muscular Flexibility Prescription

Though genetics play a crucial role in body flelij the range of joint
mobility can be increased and maintained througbkgalar stretching
programme. This is because the range of motiongklyh specific to

each body part (ankle, trunk, shoulder), a comprgire stretching
programme should include all body parts and foltbesbasic guidelines
for the development of flexibility. To increase ttetal range of motion
of a joint, the specific muscles surrounding thaing have to be
stretched progressively beyond their accustomegthehe principles
of mode, intensity, repetitions, and frequency wéreise can also be
applied to flexibility programmes.

Modes of Stretching

Three modes of stretching exercises can increasmifity:
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a. ballistic stretching.
b. slow-sustained stretching
C. proprioceptive neuromuscular facilitation (PNEEtching.

Although research has indicated that all three 2ypk stretching are
effective in improving flexibility, each techniquéave certain
advantages.

Ballistic Stretching

Ballistic (or dynamic) stretching exercises are elawith jerky, rapid,

and bounty movements that provide the necessacg for lengthen the
muscles. Although this type of stretching helpdewelop flexibility, the

ballistic actions may cause muscle soreness andyifjom small tears
to the soft tissue.

Precautions must be taken not to overstretch liggsneecause they will
undergo plastic or permanent elongation. If thetshing force cannot
be controlled as often occurs in fast, jerky mowvetsieligaments can
easily be overstretched. This in turn, leads toesgively loose joints,
increasing the risk for injuries. Slow, gentle, aowhtrolled ballistic
stretching (instead of jerky, rapid, and bounty eroents), however, is
effective in developing flexibility, and most indilwals can perform it
safely.

Slow-sustained Stretching

With the slow-sustained stretching technique, mass@re lengthened
gradually through a joint's complete range of motiand the final
position is held for a few seconds. A slow-sustdis&retch causes the
muscle to relax and thereby achieve greater lerigils type of stretch
causes little pain and has a low risk for injuryfléxibility development
programmes, slow-sustained stretching exercisetharmost frequently
used and recommended.

Proprioceptive Neuromuscular Facilitation (PNF)

This stretching is based on a “contract-and-rel@ethod and requires
the assistance of another person. The procedasefalows:

1. The person assisting with the exercise provideé®gl force by
pushing slowly in the direction of the desired &tine This first
stretch does not cover the entire range of motion.

2. The person being stretched then applies fordbe direction of
the stretch, against the assistant, who tries td kze initial
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degree of a stretch as close as possible. Thidtgesu an
iIsometric contraction at the angle of the stretch.

3. after 4 or 5 seconds of isometric contractiire person being
stretched relaxes the target muscle completely.aBsestant then
increases the degree of stretch slowly to a greaigle.

4. The isometric contraction is repeated for aeothor 5 seconds,
after which the muscle is relaxed again. The amsishen can
increase the degree of stretch, slowly, one mare.ti

Steps 1 through 4 are repeated two to five times), the exerciser feels
mild discomfort. On the last trial, the final stlkéd position should be
held for 15 to 30 seconds.

A :
[somefric
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Stretching
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Proprioceptive neuromuscular facilitation (PNF) stretch-
ing technique.

Theoretically, with the PNF technique, the isoneetrontraction helps
relax the muscle being stretched, which resultsleimgthening the
muscle. Some fitness leaders believe PNF is mdeetefe than slow-
sustained stretching. Another benefit of PNF is iacrease in the
strength of the muscle(s) being stretched. Resedrah shown
approximately 17 and 35% increases in absolutegtineand muscular
endurance, respectively, in the hamstring musabeigrafter 12 weeks
of PNF stretching. The results were consistentatt lmen and women
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and are attributed to the isometric contractiongopmed during PNF.
Disadvantages of PNF are:
More pain.

- The need for a second person to assist, and
- The need for more time to conduct each session.

Intensity

The intensity, or degree of stretch, when doingiliéity exercises

should be a point of mild discomfort or tightnesshe end of the range
of motion. Pain does not have to be part of thetating routine. All

stretching should be done to slightly below thenpthreshold. As

participants reach this point, they should try étax the muscle being
stretched as much as possible. If you feel pam|dhd is too high and
may cause injury. After completing the stretch, boely part is brought
back gradually to the starting point.

Repetitions

The time required for an exercise session for agreent of flexibility
iIs based on the number of repetitions and the hemjttime each
repetition is held in the final stretched positioAs a general
recommendation, each exercise should be done 2itee4, holding the
final position each time for 15 to 30 seconds.

As flexibility increases, a person can graduallgré@ase the time each
repetition is held, to a maximum of 1 minute. Indials who are
susceptible to flexibility injuries should limit ela stretch to 20 seconds.
Pilate exercises are recommended for these indilsdas they increase
joint stability.

3.6  Frequency of Exercise

Flexibility exercises should be conducted a mininain2 or 3 days per
week, but ideally 5 to 7 days per week. After 88taveeks of almost
daily stretching, flexibility can be maintained Wwibnly 2 or 3 sessions
per week, doing about three repetitions of 15 tcs&8Bonds each. The
table below summarises the guidelines for flextipitlevelopment:

Mode Static or dynamic (slow ballistic or propriptge
neuromuscular facilitation) stretching to includenaajor
muscle group:

Intensity Stretch to tightness at the end of the range ofans

Repetitions | Repeat each exercise 2 to 4 minutdshaid the final
stretched positions for 15 to 30 secc
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Frequency | Minimal, 2 or 3 days per week.
Ideal, 5 to 7 days per wee

Source: adapted from American College of Sportsitled, Guidelines
for Exercise Testing and Prescription (Baltimoreilllms & Wilkins,
2006).

3.7 Whento Stretch?

Many people do not differentiate a warm-up fronestning. Warming
up means starting a workout slowly with walking,cloyg, or slow
jogging, followed by gentle stretching (not throutlie entire range of
motion). Stretching implies the movement of joints through their full
range of motion the final degree of a stretch atiogrto recommended
guidelines.

A warm-up that progressively increases muscle teatpee and mimics
movement that will occur during training enhancesfgrmance. For
some activities, gentle stretching is recommenaedoinjunction with

warm-up routines. Before steady activities (walkijogging, cycling), a

warm-up of 3 to 5 minutes is recommended. The resendation is up

to 10 minutes before stop-and-go activities (faaraple racquet sports,
basketball, soccer) and athletic preparation inegan(for example,

gymnastics). Activities that require abrupt chanigegirection are more
likely to cause muscle strains if they are perfanwathout proper

warm-up that includes mild stretching.

Sports-specific/pre-exercise stretching can imprgeformance in
sports that require a greater-than-average rangenaifon, such as
gymnastics, dance, swimming, and figure skatingmé&oevidence,
however, suggests that intense stretching duringnwep can lead to a
temporary short-term (up to 60 minutes) decreasstiength. Thus,
extensive stretching conducted before participaimgthletic events
that rely on strength and power for peak perforreans not
recommended.

In terms of preventing injuries, the best time t@tsh is controversial.
In limited studies on athletic populations, thedevice is unclear as to
whether stretching before or after exercise IS
more beneficial in preventing injury. Additionalsesarch is necessary to
clarify this issue.
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Flexibility exercise
have been used '
successfully to treat
neuromuscular

tension (stress).

5 1) Fiépass B Wellress, In

1

In general, a good time to stretch is after aeralmd<outs. Higher body
temperature in itself helps to increase the jaamige of motion. Muscles
also are fatigued following exercise, and a fatijureuscle tends to
shorten, which can lead to soreness and spasneclBirg exercises
helps fatigued muscles reestablish their normatingslength and
prevent unnecessary pain.

40 CONCLUSION

This unit discussednuscular flexibility and it's to adequate fitness.
Factors that affect muscular flexibility was alsighiighted. Various
principles that govern development of muscular ilgxy was also
discussed. To unit also presented an understandivben to stretch.

5.0 SUMMARY

Flexibility refers to the achievable range of matet a joint or group of
joints without causing injury. Some muscular/skalgproblems and
injuries are related to a lack of flexibility. Iraidly life, we often have to
make rapid or strenuous movements we are not awoest to making.
Abruptly forcing a tight muscle beyond its achielabange of motion
may lead to injury.
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6.0 TUTOR-MARKED ASSIGNMENT

1. Muscular flexibility is defined as

a. the capacity of joints and muscles to work in a

synchronized manner.

b. the achievable range of motion at a joint @ugr of joints
without causing injury.

C. the capability of muscle to stretch beyond rthermal
resting length without injury to the muscles.

d. the capacity of muscles to return to their profength
following the application of a stretching force,

e. the limitations placed on muscles as the jomtsves

through their normal planes.

2. Good flexibility
a. promotes healthy muscles and joints.
b decreases the risk of injury.
C improves posture.
d. decreases the risk of chronic back pain.
e all are correct choices.

3. Plastic elongation is a term used in referg¢ace
a. permanent lengthening of soft tissue.
b. increased flexibility achieved through dynarstietching.
C. temporary elongation of muscles.
d. the ability of muscles to achieve a completgree of
stretch.
e. lengthening of muscles against resistance.
4. The most significant contributor to loss oikflality are

sedentary living and lack of physical activity.
weight and power training.

age and injury.

muscular strength and endurance.
excessive body fats and low lean tissue.

®oooTp

5. Which of the following is not a mode of stratajf?
a. proprioceptive neuromuscular facilitation.
b elastic elongation.
C. ballistic stretching.
d. slow-sustained stretching.
e all are mode of stretching

6. PNF can help increase
a. muscular strength
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b. muscular flexibility

C. muscular endurance

d. range of motion

e. all are correct choices.
7. When performing stretching exercises, the degoé stretch
should be

a. through the entire arc of movement.

b. to about 80% of capacity.

C. to tightness at the end of the range of motion.

d. applied until the muscles start shaking.

e. progressively increased until the desireddtrest attained.

8. When stretching, the final stretch should be e

1 to 10 seconds.

15 to 30 seconds.

30 to 90 seconds.

1 to 3 minutes.

as long as the person is able to sustainrétels.

conoe

6.0 REFERENCESFURTHER READING

Hoeger, W. W. K. & Hoeger, S. A. (20p7Lifetime Physical Fitness
and Wellness, A Personalized Prograrft, Edition. Thomas
Wadsworth. USA. ISBN 978-0-495-01202-3.

Kraemer, J. K. & Ratamess, N. A. (2004). “Fundaranof Resistance
Training: Progression and Exercise Prescriptidvigdicine and
Science in Sports and ExerciSé., 674-688.

Kokkonen, J. & Lauritzen, S. (1995). “Isotonic 3ig¢h and Endurance
Gains Through PNF Stretchingyledicine and Science in Sports
and Exercise22, 27.

Williams & Wilkins. (2006). American College of Spie Medicine,
ACSM’s Guidelines for Exercise Testing and Presioip
Baltimore.

Thacker, S. B., Gilchrist, J., Stroup, D. E. & Kieys Jr., C. D. (2004).
The Impact of Stretching on Sports Injury Risk:S&stematic
Review of the Literaturdyledicine and Science in Sports
and Exercise(36), 371-378.

www. fitness.com.

90



KHE 436 MODULE 6

UNIT2  FLEXIBILITY EXERCISES
CONTENT

1.0 Introduction

2.0. Obijectives.

3.0. Main content.
3.1 Contraindicated Exercises.
3.2. Preventing and Rehabilitating Low-Back Pain.
3.3. Tips to Prevent Low-back Pain.
3.4. Flexibility Exercises.

4.0. Conclusion

5.0 Summary

6.0. Tutor-marked assignment.

7.0. References/further reading

1.0 INTRODUCTION
To improve body flexibility, each majo4r muscle gposhould be
subjected to at least one stretching exercise.rmpbeie set of exercises

for developing muscular flexibility is presentedtims unit.

20 OBJECTIVES

By the end of this unit, you will be able to:

o prevent low back pain
o identify flexibility exercises
o describe flexibility exercises.

3.0 MAINCONTENT

3.1 Contraindicated Exercises

Most strength and flexibility exercises are relalysafe to perform, but
even safe exercises can be hazardous if they @@ ped incorrectly.

Some exercises may be safe to perform occasiobal)ywhen executed
repeatedly, may cause trauma and injury. Preegistinscle or joint

conditions (old sprains or injuries) can furthecrgmase the risk of harm
during certain exercises. Contraindicated exercis@y cause harm
because of the excessive strain they place on ewmisuid joints, in

particular the spine, lower back, knees, neckhouklers.
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3.2 Preventing and Rehabilitating Low-Back Pain

Few people make it through life without having @adback joint at some
point. An estimated 60-80% of the population hasnbafflicted by back
pain injury. Back pain is considered chronic ipérsists longer than 3
months. It has been determined that backache symadi® preventable
about 80% of the time, and is caused by:

- Physical inactivity.

- Poor postural habits and body mechanics.

- Excessive body weight.

- Psychological stress. Data also indicates that hajckies are
more common among smokers.

More than 95% of all back pain is related to musefelon injury, and 1
to 5% is related to intervertebral disc damage.dlguback pain is the
result of repeated micro-injuries that occur over extended time
(sometimes years) until a certain movement, agfivdr excessive
overload causes a significant injury to the tissues

People tend to think of back pain as a problem whth skeleton. The
spine’s curvature, alignment, and movement are roted by

surrounding muscles. The most common reason favnathiow-back

pain is a lack of physical activity. In particular,major contributor to
back pain is excessive sitting, which causes bauakcias to shorten,
stiffen, and become weaker.

Low-back pain frequently is associated with faylbsture and improper
body mechanics, or body positions in all of lifedwily activities,
including sleeping, sitting, standing, walking, wing, and exercising.
Incorrect posture and poor mechanics, such asmyebbstatic postures,
repetitive bending, and pushing, twisting a loadpthe, and prolonged
sitting with little movement (more than an hourgrease strain on the
lower back and many other bones, joints, musclesligaments.

In the majority of back injuries, pain is presentyowith movement and
physical activity. If the pain is present only wittovement and physical
activity. If the pain is severe and persistent eatrest, the first step is
to consult a physician, who can rule out any diamage and may
prescribe proper bed rest using several pillowseuitde knees for leg
support. This position helps release muscle spasmstretching the
muscles involved. In addition, a physician may priége a muscle
relaxant or anti-inflammatory medication (or bo#md some type of
physical therapy.
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In most cases of low-back pain, even with sevene, people feel better
within days or weeks without being treated by Heatire professionals.
To relieve symptoms, you may use over-the-coundém pelievers and
hot or cold packs. You should also stay active twid further
weakening of the back muscles. Low-impact actisisech as walking,
swimming, water aerobics, and cycling are recomradn@®nce you are
pain-free in the resting state, you need to stamecting the muscular
imbalance by stretching the tight muscles and gtreming the weak
ones. Stretching exercises always are performsd fir

If there is no indication of disease or injury (Su&s leg nhumbness or
pain), a herniated disc, or fractures, spinal maaipn by a
chiropractor or other health care professionalgrawide pain relief.

Back pain can be reduced greatly through aerobe&rcese, muscular
flexibility exercise, and muscular strength and wadce training that
includes specific exercises to strengthen the sgtialeilizing muscles.
Exercises require effort by the patient, and it ntagate discomfort
initially, but exercise promotes circulation, hegli muscle size, and
muscle strength and endurance. Many patients abStan aggressive
physical therapy because they are unwilling to cantime time required
for the programme.

Aerobic exercise is beneficial because it helpsradse body fat and
psychological stress. During an episode of back,pgaowever, people
often avoid activity and cope by getting more r&sst is recommended
if the pain is associated with a herniated dis¢,ifogour physician rules
out a serious problem, exercise is a better chaficeeatment. Exercise
helps restore physical function, and individualsovgtart and maintain
an aerobic exercise programme have back pain lesgudntly.
Individuals who exercise also are less likely tquiee surgery or other
invasive treatments.

In terms of flexibility, regular stretching exeressthat help the hip and
trunk go through a functional range of motion, eaitthan increasing the
range of motion, are recommended. That is, for @ropack care,

stretching exercises should not be performed toettteeme range of
motion. Individuals with a greater spinal rangenadtion also have a
higher incidence of back injury. Spinal stabilitgstead of mobility, is

desirable for back health.

A strengthening programme for a healthy back shdagdconducted
around the endurance threshold 10-12 repetitionsndar fatigue.
Muscular endurance of the muscles that supportsiiige is more
important than absolute strength because theselesuperform their
work during an entire day.
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3.3

34

94

Tipsto Prevent Low-back Pain

Be physically active.

Stretch often using spinal exercises through ational range of
motion.

Regularly strengthen the core of the body using eétl0 to 12
repetitions to near fatigue with isometric conti@cs when
applicable.

Lift heavy objects by bending at knees and cargntlclose to
the body.

Avoid sitting (over 50 minutes) or standing in opesition for
lengthy periods.

Maintain correct posture.

Sleep on your back with a pillow under the kneesideways
with the knees drawn up and a small pillow betwienknees.
Try out different mattresses of firm consistencjobe selecting a
mattress.

Warm-up properly using mild stretches before engagin
physical activity.

Practice adequate stress management techniques.

Flexibility Exercises

Exercise1: Arm Circles

Action: _Gently circle the arms all the way around. Condbet
exercise in both directions.

Area Stretched: Shoulder muscles and ligaments.

*"‘?‘.’
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Exercise 2: Side Stretch

Action: Stand straight up, feet separated to shoulder-wlttid

place the hands on the waist. Now move the uppdy bm one

side and hold the final stretch for a few secomiispeat on the
other side.

Areas Stretched; Muscles and ligaments in the pelvic region.

Exercise 3: Body Rotation

Action: Place the arms slightly away from the body ana@teot
the trunk as far as possible, holding the finalifpms for several

seconds. Conduct the exercise for both the rigtitleft sides of

the body. You also can perform this exercise bpditeg about 2
feet away from the wall (back toward the wall) @hdn rotating

the trunk, placing the hands against the wall.

Areas Stretched: Hip, abdominal, chest, back, neck, and
shoulder muscles, hip and spinal ligaments.

Exercise4: Chest Stretch.

Action: Place your hands on the shoulders of your partmeo,
in turn will push you down by your shoulders. Hdltk final
position for a few seconds.

Areas Stretched: chest (pectoral) muscles; shoulder ligaments.
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 Faness b Welinss,

Exercise 5: Shoulder Hyperextension Stretch

Action: Have a partner grasp your arms from behind by thet w

and slowly push them upward. Hold the final positior a few
seconds.

Areas Stretched: Deltoid and pectoral muscles; ligaments of the
shoulder joints.

Exercise 6: Quad Stretch

Action: Lie on the side and move one foot back by flexing t
knee. grasp the front of the ankle and pull thelatdwards the

gluteal region. Hold for several seconds. Repedh e other

leg.

Areas Stretched: Quadricep muscle: knee and ankle ligaments.
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Exercise 7: Abductor Stretch

Action: Stand with the feet about twice shoulder-width plate
the hands slightly above the knee. Flex one kneessowly go
down, holding the final position for a few seconBgpeat with
the other leg.

Areas Stretched: hip abductor muscles.

© Fitness & Wellness, Inc.

Exercise 8: Shoulder Rotation Stretch

Action: with the aid of surgical tubing or an aluminumvasod

stick, place the tubing or stick behind your backl grasp the
two ends using a reserve (thumps-out) grip. Slolyg the
tubing or stick over your head, keeping the elbtraight. Repeat
several times (bring the hands closer together afdditional

stretch).

Area Stretch: Deltoid, latissimus dorsi, and pectoral muscles:
shoulder ligaments.

0 Fness b Weloes, 1
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Exercise 9: Sitting Abductor Stretch

Action: Sit on the floor and bring in the feet close to you
allowing the soles of the feet to touch each othNew place the
forearms (or elbows) on the inner part of the thagid push the
legs downwards, holding the final stretch for sal/eeconds.

Areas Stretched: Hip abductor muscle.

O Fitness & Wellness, Inc

Exercise 10: Sit-and -Reach-Stretch

Action: Sit on the floor with legs together and graduaéigch
forward as far as possible. Hold the final positiom a few
seconds. This exercise also may be performed vigh légs
separated, reaching to each as well as to the eniddl

Areas Stretched: Hamstrings and lower back muscles: lumbar
spine ligaments.
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Exercise 11: Hip Flexors Stretch

Action: Kneel on an exercise mat, a soft surface, or detbl
towel placed under your knees. Raise the left lofé¢he floor

and place the left foot above 3 feet in front oliy®lace the left
hand over the left knee and the right hand overbek of the
right hip. Keeping the lower back flat, slowly mol@ward and
downward as you apply gentle pressure over the high Repeat
the exercise with the opposite leg forward.

Area Stretched: Flexor muscles in front of the hip joi_n_t_.

©Fitness & Wellness Ine

Exercise 12: Single-K nee-to-Chest Stretch

Action: Lie down flat on the floor. Bend one leg approxieigat

100 degree and gradually pull the opposite leg tdevéhe chest.
Hold the final stretch for a few seconds. Switcgsl@and repeat

the exercise.

Area Stretched: Lower back and hamstring muscles: lumbar

spine ligaments.
\i,
\ B \
¢
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@® Fitness & Wellness, Inc.

99



KHE 436 PHYSIOLOGY APPLIED TO PHYSICXNDITIONING

Exercise 13: Double-K nee-to Chest Stretch

Action: lie flat on the floor and then curl up slowly indofetal

position. Hold for a few seconds.
Areas Stretched: Upper and lower back and hamstring muscles:

spinal ligaments.

Exercise 14: Upper and L ower Back Stretch

Action: Sit on the floor and bring the feet in close touyo
allowing the soles of the feet to touch each othefcding on to
your feet, bring your head and your upper chestlgdéawards

your feet.
Area Stretched: Upper and lower back muscles and ligaments.

e o PR e
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Exercise 15: Gluteal Stretch

Action: Sitting on the floor, bend the right leg and jgldke right
ankle slightly above the left knee. Grasp the tleigh with both
hands and gently pull the legs towards the chespeRt the

exercise with the opposite leg.
Areas Stretched: Buttock area (gluteal muscles).
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Exercise 16: Trunk Rotation and L ower Back Stretch

Action: Sit on the floor and bend the left leg, placing k#ft foot
on the outside of the right knee. Place the ridind\e on the left
knee and push against. At the same time, try ttedhe trunk to
the left (counter clock-wise). Hold the final pamit for a few
seconds. Repeat the exercise with the other side.

Areas Stretched: Lateral side of the hip and thigh: trunk and
lower back.

Exercise 17: Supine Bridge

Action: lie face up on the floor with the knee bent at abi20
degrees. Do a pelvic tilt and maintain the pelvicwhile you
raise the hips off the floor until the upper boaydahe upper legs
are in straight line. Hold this position for up®econds.
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Area Stretched: Gluteal and abdominal flexor muscles.

40 CONCLUSION

In this unit, we have been able to learn how tosg@né low-back pain.
Different flexibility exercises were also presentet discussed in this
unit.

5.0 SUMMARY

Some exercises may be safe to perform occasioballywhen executed
repeatedly, may cause trauma and injury. Preegistinscle or joint
conditions (old sprains or injuries) can furthecrgase the risk of harm
during certain exercises. Contraindicated exercis@y cause harm
because of the excessive strain they place on smisoid joints, in
particular the spine, lower back, knees, neckhouklers.

6.0 TUTOR-MARKED ASSIGNMENT

1. Discuss how to prevent low back pain.
2. Identify ten (10) flexibility exercises.
3 Describe the flexibility exercises identified(R) above.
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1.0 INTRODUCTION

Some people think that strength is necessary amyhighly trained

athletes, fitness enthusiasts, and individuals e jobs that require
heavy muscular workouts. A well-planned streng#ining programme
leads to increased muscle strength and endurancsglentone, tendon
and ligament strength, and bone density- all ofciwielp to improve
functional physical capacity

2.0 OBJECTIVES

By the end of this unit, you will be able to:

o explain the concept of strength

o explain the importance of adequate strength lewmetsaintaining
good health

o identify and explain the two types of fibre

o discuss anaerobic power and capacity.

3.0 MAIN CONTENT

3.1 Definition of Strength

Muscle strength is defined as the maximal one efface that can be
exerted against a resistance, it is the absolutenmian force that one
can generate in the isolated movement of a singischa or a group of
muscles. It is the maximal force that can be puhfan one maximum
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contraction of one second duration. According teséa and Fisher
(1979), strength involves a combination of thregaméactors:

a. Combined contractile force of the muscles caugie movement
(agonists). This can be improved through resistéradeing.
b. The ability to co-ordinate the agonist muscliéghvantagonistic

muscles, the neutralizers, and stabilizer muscléss can be
improved by a limited amount by practicing the jmatar
movement.

C. The mechanical ratio of the lever (bone) areangnts involved.
This depends on the angle of pull of the musclektha relative
length of the resistance arm and effort arm of deér.

Strength is not simply a question of muscles buhem a
complicated phenomenon involving both muscles ahé t
nervous system.

3.2 Benefitsof Strength Training

Strength is a basic health-related fithess compioaied is an important
wellness component for optimal performance in dativities such as
sitting, walking, running, lifting and carrying aagjts, doing housework,
and enjoying recreational activities. Strength asmf great value in
improving posture, personal appearance, and self@nin developing
sports skills; promoting the stability of jointsndain meeting certain
emergencies in life.

From a health standpoint, increasing strength hédpsncrease or
maintain muscle and a higher resting metabolic, erteourages weight
loss and maintenance, lessens the risk for injmgyent osteoporosis,
reduces chronic low-back pain, alleviates arthripain, aids in

childbearing, improves cholesterol levels, promaisgchological well-

being, and also may help to lower the risk of himfpod pressure and
diabetes.

With time, the heart rate and blood pressure res$porlifting a heavy
resistance (a weight) decrease. This adaptatiamcesdthe demands on
the cardiovascular system when performing actwisech as carrying a
child, groceries, or a suitcase.

Regular strength also can help control blood sugaich of the blood
glucose from food consumption goes to the museWe®re it is stored
as glycogen. When muscles are not used, muscle lmetlome insulin-
resistance and glucose cannot enter the cellglfiencreasing the risk
for diabetes.
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Another benefit of maintaining a good strength leséts relationship to
human metabolism. A primary outcome of a strengiring
programme is an increase in muscle mass or sizm (f®dy mass),
known as hypertrophy.

More specifically, good strength enhances the guafilife in that it:

improves balance and restores mobility

- makes lifting and reaching easier,

- decreases the risks for injuries and falls,

- stresses the bones and preserves bone minersityjethereby
decreasing the risk for osteoporosis.

3.3 Muscle Fibre Composition
There are two types of fibres:

a. Slow-twitch fibre.
b. Fast-twitch fibre.

The slow-twitch fibre is also called red, oxidatimetype 1 muscle fibre.
While the fast-twitch is called white, glycolytia type 2 muscle fibre.
The fast-twitch and slow-twitch fibres also referfast-twitch units and
slow-twitch units. The nerve supply of the slowithi fibres is from
slow nerves which has a slow rate of stimulatione herve supply of
fast-twitch is from fast nerves which has a fastdiw stimulation. In
essence, the nerve supply imposes their charaaiersn the muscle
fibre which they supply or innervate.

34 Differences Between Slow and Fast-twitch Fibre (Units)

The anaerobic capacity of fast twitch fibres is mgceater than that of
slow twitch fibres. Though both units contain enagminvolved in

facilitating the reaction of the ATP-PC system. Tdmzymes in fast-
twitch fibres are about 3 times as active as thosdow-twitch fibres

(Fox, 1979). This is so because an enzyme is mareeawhen it has
greater functional capabilities than another enzy8imilarly, some of

the more important glycolytic enzymes are foundath units, but the
enzymes in fast twitch fibres are up to 2 timeseraxtive than those in
the slow twitch fibres. In other words, fast-twittthres are best suited,
biochemically for “sprint-like” short burst actiass.

On the other hand, the aerobic capacity of slovtetwiibres is much
greater than that of fast-twitch fibres. The enzgnievolved in the
reactions of the aerobic system have higher aesvin the slow-twitch
fibores. The number and size of mitochondria, whéne aerobic
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reactions occur, as well as the number of capgitaper fibre, are much
greater in slow-twitch fibres. Also, the higher ngiabin content
contributes to the greater aerobic capacity osthw-twitch fibres.

The glycogen store of slow and fast twitch fibreshie same. However,
the triglyceride (fat) store of slow-twitch fibres greater than that of
fast-twitch fibres. On the speed of contractior, time required for fast-
twitch fibres to generate maximal tension is abooée-third of that

required by slow-twitch fibres. One of the reastorsfaster contraction

time in fast-twitch unit is their greater anaerobapacity. The size of
the motor neuron that innervates the fast-twitbinefiis also responsible
for this. The motor-neuron innervating the slowtthi fibre is larger

than that of the motor-neuron on the slow-twitdirdi This implies that
individuals with a higher percentage of fast-twifdires should be able
to contract their muscle faster. Because the siddl@e number of fibres
Is greater in fast-twitch unit, the force of cowltran is much greater
than that in slow-twitch units. It also implies thhose individuals with

higher percentages of fast-twitch fibres will exhid faster speed of
contraction.

Summary of the differencesin Fast-twitch and Slow-twitch Fibres

characteristics Fast-twitch Slow-twitch
Aerobic capacit Low High
Anaerobic capaci high Low
Capillary densit Low High
Buffer capacit High Low
Contraction tim Fas Slow
Triglyceride stor Low High
Force of contractic High Low
Recruitment pattern Sprint-like activities Enduradtike
activities
Distribution in athlete High (non-High (endurance
endurance athlete | athletes
Myoglobin conter Low High
Fatigability Rapic Slow
Relaxation tim Fas Slow
Glycogen stor High high

(Mattew & Fox in Oduyale, 2004)

35 Anaerobic Power and Capacity

Anaerobic Power: This involves the ability of the individual to cgr
out short exhaustive activities without the useo&fgen. Anaerobic
power is dependent on the intra-muscular store DP Aand PC. It is
very useful when speedy generation of energy isashel®d during
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performance (Owolabi, 1988). However, the musabeest of ATP and
PC are very limited and are exhausted in underet@rgls of maximal
work but ATP is never exhausted beyond 60% ofnisal value. This
shows that ATP can not be completely exhausted.intSpror
anaerobically trained athlete have higher storeA®P and PC and
chronic training at high intensity which of couliseanaerobic increases
muscle store of ATP and PC (Fox, 1979).

Some of the following variables are very critical anaerobic power
generation.

- There must be a high volume of active muscles.

- The percentage of fast-twitch fibres must be vegy h

- The initial phosphagens (ATP and PC) level storstrba high.
- The high rate of ATP, PC splitting.

The shorter the duration of an athletic event, twedhigher the intensity
of performance, the higher the relationship witlaenobic power i.e.,
the higher is the need for anaerobic power.

3.6 Anaerobic Capacity

This is the total store of anaerobic energy, whihavailable to the
individual. Muscle mass, level of nutrition and gbgen stores of the
active muscles determines an individual’'s anaerobpacity (Owolabi,
1988).

The critical variables in anaerobic capacity are:

- The volume of active muscles.

- High percentage of fast-twitch fibres.

- Lactate tolerance i.e., ability to tolerate highstie lactic acid
concentrations

High buffering capacity; Buffers are organic sogrogeant to remove
excess hydrogen from the blood and body systems.
High glycolytic enzymes. These enzymes include:

I PFK-Phospo-Fructo-Kinase

. Phosphorylase

Ii. NAD-Nicotinamide-Adenine-Dinucleotide.
V. LDH-Lactate Dehydrogenase.

V. Creatine Kinase

- High muscular store of glycogen.
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Anaerobic capacity is very vital in events lagtibetween 10- 50
seconds. It involves the ability to work maximaligr a prolonged
period usually under 60 seconds.

40 CONCLUSION

Muscle strength is defined as the maximal one efface that can be
exerted against a resistance, it is the absolutenmuan force that one
can generate in the isolated movement of a singischa or a group of
muscles.

5.0 SUMMARY

In this unit, we were able to explain the concepisivength and its
importance in maintaining good health. The two typé fibre (fast-

twitch and slow-twitch) were equally explained atieir differences

highlighted. The unit also presented the concepinakerobic power, and
anaerobic capacity was also explained.

6.0 TUTOR-MARKED ASSIGNMENT

1. Discuss the importance of adequate strengtiden maintaining
good health.

2. Explain the differences between fast-twitch asidw-twitch
fibres.

3. Discuss anaerobic power and capacity.
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