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HOW TO USE THIS RESOURCE

INQUIRY QUESTION
0 move, no matter what thair
cultural background, othriciy or nationalty. How
do we develop a cufure of nclusiveness that
encourages physical actvty for all Austraians?

CHAPTER

activity

Cultural diversity and
inclusion in physical

r people of all
B

the most

feel A

club or eventis one

administration. Inclusion is different to diversity. Diversity is a term used to

KEY KNOWLEDGE

explain variation in nationality, ability, education and ethnicity. Inclusion is
rby

infiatives and strategios

© The rleof Youtn Physical
behaviour reduction

partcpation in physical actity and/or sport n socil

actiity and/or sport n eference t the selacted issue
© Local national and/or giobal

parlicpation in physical activity and/or sport
KEY SKILLS
°

© Individual, social, polcy and environmental influences on partcipation in physical

ives of the selected issue
© Historcal, current and fulure implications of the selected ssue.
jernment, community andlor persona strategies or programs designed to promote

An engaging image introduces
each chapter to capture

© Participate.

perspective of the slected issue

© Collect information on a selected issue related to physical activity andjor sport in
Sociaty ffom a range of sources such as primary data, print and electronic materal
°

students’ interest. The Key

Knowledge and Key Skills

© Apply Youth Physical

° d report on

e from the VCE Physical

based on research findings
CHAPTER PREVIEW

o Education Study Design
(Units 1 and 2, 2017-2021)

All lessons come complete
with clear and colourful
diagrams to assist visual
learners. Key terms are
bolded and definitions can
be found in the margins.
studyON references are
placed beside key concepts
to direct students to
summaries and practice
questions online.

x HOW TO USE THIS RESOURCE

Cardiovascular system: structure and functions

of the heart and blood vessels

KEY CONCEPT The cardiovascular system transports essential nutrients to all body

o tissue, delivers oxygen in the required amounts to varied body sites, and removes.
waste products created by the metabolism of nutrients. It does this by the heart
pumping blood through a network of blood vessels around the body.

e cardiovascular
system consits of the heart and

Functions of the cardiovascular system

‘The body depends on the efficient functioning of the cardiovascular system. The
cardiovascular system consists of the heart and blood vessels working together to
transport d dthe body This system portant functions:

throughautthe body,devering
waler, oeygen and nutrents
o, and romoving wast
products such as carbon dioxide

‘Atria aro e two upper chambars

i tinto

pump it fo the ungs fight ventice)
and o the body it ventice

{wwoek |

Anatomy o tho boat
‘Searchlight 1D: int-1840

FIGURE 6.1 The structurs of
art

nated rfers
ich boos.

Dooxygenated refers 0 oxygor-
poor carbon diexide-ricr blood.

125 UNIT1

© It circulates blood o all parts of the body:

© It transports water, oxygen and nutrients to the cells

© It transports wastes including carbon dioxide away from the cells

© It helps maintain correct body lemperature.

© It helps fight disease through the white blood cells and antibodies contained in
the blood.

Structure of the heart

The heart i a pump designed to circulate blood throughout the cardiovascular system
(ligure 6.1)
The heart has four chambers — two atria and two ventricles.
© The aura are the u mbers that receive blood
© The venuricles are the lower chambers that pump blood.

Decrygensted oo Osygensted oo
Naot

‘The septum divides the heart into two pumps.
© The let pump is the left atrium and left ventricle
© The right pump is the right atrium and right ventrcle.

e blood in the two pumps does not mix because the lefi pump has oxygenated
blood for the body, while the right pump has deoxygenated blood that travels o the
Tungs for the removal of carbon dioxide.

iman body In motion

i L) ¥
- - - "
“incivicusl ~Historical eLocal
«Socil <Curent “National

- that are covered in this
chapter are listed, along with
e a chapter preview diagram
that gives a snapshot of the
chapter content at a glance.

Valves are located between the atria and the venicles, and ai the enirance to the
arteries from the heart. The bicuspid valve is on the left side of the heart and the
tricuspid valve is on the right side. They allow blood to travel in only one direction,
stopping blood in the ventricles from lowing back into the airia

Functioning of the heart

The heart s an involuntary muscle; that s, we do ot have conscious control over | Howyour bt wotks

its functioning, It works by the continual contraction and relaxation of the atria and | Searchlight ID: oles-2581
ventricles. When the heart contract, it orces blood out of the heart via the veniricles

and into the arteries. This is called systole. When the heart relaxes, it fills with blood
from the veins. This is called diastole. The cardiac cyele is made up of the atria
contacting (systole) while the ventricles stole).and the

Gystole while the atia relax (distole)

Systole s a contracton.
of the heart muscl,

Diastole s a roloraton
Features of the heart ofhe heart musce.
© s located slightly to theleft of the centre of the chest (between the 10 lungs) and  Gararme eyete & e movemant
is protected by the b cage (figure 6.2). ofbood through te heart 1
ona heartocat. 1 consits of
afematasystoleand distoe of
1 atia andtha ventrces

Hoartbeat fs e contraction and
reaxation of the heart musc.
Hoart rate (HR) s e number
oftimes the heart contracts

or beats per minuto (opm).

B (£

Apox ofthe bt FIGURE 6.2 The hoart s well

amount of blood sected from

© The adult heart is about the size of a lage fist ha e ventricle wih each

° eard whe iscalled the heartbeat,

© At res, the average heart rate (HR) is about 72 beats per minute (sce page 141 for
‘more information). Heart rate is measured by taking your pulse.

 Stroke volume (SV) s the amount of blood pumped by each b

the heart, It s measred
milites per beat mLbeat.

Cardiac output (G) s the amount
of bood sected fom the et

multpbed by tcke volume ()
50 Q= HA x SV, and s measured
In adult males this may be about 5 ltres per minute, and in adult females about & irea per s (Limi,

4 itres per minue.

s calculated by multiplying heart rate (HR) by siroke volume (SV), o HR X SV = Q.
For example, 72 bpm X 70 (mL/beat) = 5.04 Limin.

page 142 for more information), and is measured in ltres per minute (Limin)

The heart

o
summary
and practos
auestons




12.3  Appiying the social-ecological model: a settings based approach

© Physical environment interventions

Tennis Victoria (Tennis Australia)
Get into Cardio Tennis is a program targeting women who are sedentary or have low
levels of physical activity. The program incorporates low impact movement patterns
using tennis racquets and balls in a fun, social environment. 1t can be delivered to
large groups and run in a variety of setings such as workplaces and local parks.

FIGURE 1230 The am of cardio tenns 5 to get fit while having fun.

VicHealth's TeamUp

TeamUp s a free app that promotes structured physical activity and recreational
opportunitics to the community It aims to make physical activty enjoyable, accessible
and social. TeamUp aims to remove many of the barriers that prevent peaple being
active, including cost, transport, time and socil connections. Both individuals and

FIGURE 12.31 TeamUp is a p
progan et reourage poople FIGURE 12.32 T Tamp applcaton s e

He i initiatives target the i jical model

Some s that VicHealhe community-baced phyescar ey Imerventions target

e llont apers of the socal-cologial model appet n th following I

o individualiervenions

VicHeah programs targe  wide range of ctiies to motivate  broa group
barriers, such as cost, time and

Sporting organisations can usc the app.

= The programs work alongside a wide variety of community groups and sporting
organisations in an intr-sectarial approach to promote safe physical activty

= The social aspect of engaging in physical activity is fostered in formal and
informal sports and recreational activiies.

ctivity, sport and society

284

~ Many programs are implemented in any physical environment, increasing the

access Lo appropriate places to exercise in al communites.
~ Sports clubs are given funding to purchase safe and functional sports
1, and training and playing faciltes for the community to enjoy

© Policy interventions

~ Money is provided for the funding o free apps that promote physical activty
~ Funding is spread across a wide variety of interventions, increasi
likelihood of more people responding positively to one o more of these
strategies.

"

ist
3 For each of the settings Isted I the it question. gve an example of an

physicalactuty.
I what

levels of actvity?
% Describe how policies can have an impact on the levelof physical activiy n a

setting of your choice.
APRLY yous usountnsing
s

describe ‘ach layer o the modl that
levels of moderate 0 vigorous exerciss at the school.
A

fosciba wo strategies por layer of he model tat wil reduce leves of

sedontary behaviour i the cassroom.
7 You oin a now company as an amployee and nolice that many of your

ofthe day and drving 1o and from work. List the benefls your employer may
gain'f people are more active and less sedentary.

tooffer

.

Play by the Fuls
Gosng e Gao
Sports Wit Borders

members of ha communty
Your task s fo
@ slect he typs of sorts o recreaton chb
@ uisi the Disabllity and sport webirk 1 your 6BOSKPLUS
Jecta category of disabity you would ke o trget (0.9, visually impairec,
4ing impaed, paraplegcs, ntelectualampaiment)

© it the Play by the Rules vebi i your e80ok?L For more nformaton on

yourtarget group nfo your b and ngusticaly dverse
® pr ol k3

@ nci
eBookPLL

program
popuation group. Explain how the program works.
1+ Lise the Sports Without Borders wabirik i your 6E0okPLUS Lo answer the
following questions in your own words,
@ Wt s the am of s non-proft crganisaton?”
°

culturaly dverso backgrounds to partipate.

Two levels of questions —
Test your understanding
and Apply your
understanding —
encourage students to
practise and apply the
concepts they are learning. In
the Apply your understanding
questions, students have
an opportunity to engage in
practical activities to apply
and consolidate the theory
they have learned. Digital
documents, interactivities and
elessons are placed within
sections of content that can
be enhanced by presentation
in a different form, to ensure
students of varying learning
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CHAPTER 4 REVISION

© Inuries occur to soft
tissue such as bones. Common types of

sprains, bruising fractures and isiocat

 njures Includo cuts, abrasions, tears, srains,
taken to minimise the ik of inuries occuring n sport and 1o make the

return o training as effciet as possibe

° i the body and
often lmit the capacty and mobilty of an ndiicua
systom includo artirts, osteoporosis and back pan.

causing e

° g
in women and people over 55 years o age.

© Back pain can affect bones,fints, lsues and nerves of the back and often stems from
overuse, injury, weslness, degneration o postural misalgnment.

© Common

sical activty, mait  body

and eating a nutrious et
© sports

protective

equipmen; correct footwear taping and the use of braces.
© The stnucture

Tole 0 play inthe prevention of sports ijuries.
° t

tis worn during
correctl. 1 specifc and appropriae for the sport, 5ze and age of the atlete
roguiarly checked and maitained.

i
andis

MULTIPLE CHOICE QUESTIONS.

1 Amusclo strain is an example of
(©) an overuse njry.

A
B) a chronic injury. D) a direct injury.
|—{stearmm) :

: i e

o ) Laceration ©) Fracturs

; e .

{51 Topko Toet (A Broken wrist {C) Concussion
& e 9 soen,
PRl SR

{A) juvenile arthritis. {C) rheumatoid arthritis.
8 S 5 v
[ vt ——
(wsok 1 FrdeCrii f——
s R ©) all of the above.

) poor calcium ntake.

musculoskeletal system is
() roguiar participaton n physical actly.
nsuming a diet igh in calcim.

€) maintaining poor posture.

(0] protecting your back when ifing heavy objecs.

7 Wrich

of an athite i njury prevention?
) Wam-up

sitem iz
‘Searchlight D: int-6635.

(©) Taping a joint
(©) Approprate ftness levels

i
) Contusion
isiocation

(€) Concussion
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10 Taping can assist inthe prevention of nuries o a fint via
(A) enhancing movement around a ot
(8) resticting movement around a oin.
(G) stopping movement around a oint.
0) al of the above.

EXAM QUESTIONS

Question 1
i sports, for

The
which hospitalisation was required in 201 1-12,
Head
Nock
Tunk
Shouider & upper am

Vit & hand,
Hip & tigh
Knes & lower eg
e & foot

e ——
ll | | I| | Il |
2
8

Other ang unspecited

2000 10000 12000

a. From the graph, identify the most common body region injurcd 1 mark
b. Ldentity y

body region identifed in part 3marks

o —

N

OV
<. Oul could

sion identifcd in part o 2 marks

of an injury occurring in the body regi
Question 2 (dapted fom ACHPER Tria Exam 2014, scton 1 304 2)
Identify and jusify wha type of injury would be most common in
rugby and other contact sport. 2marks
(adaptd fom ACHPER Tia Exam 2014, scton 1 300 2)

i s rugby should

separate junior competitions based on weight and not age.
Discuss how this may lead to decreased injuics.

Question 3

Question 4
Injuries to the knee and ankle are common in basketball. For each of the folowing
number of knce or ankle injuries to the members of a basketball tea:
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At the end of each chapter is a
substantial revision section which
will assist all students in revising
content. Key Skills are covered
in detail, with an explanation,
practice question and strategies,
and further Key Skills exam
practice. Students will also find
a full chapter summary, a set

of multiple choice questions
and practice exam questions

invaluable in revising each topic.
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PREFACE
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The human

body in
motion

OUTCOME 1

Collect and analyse information
from, and participate in, a variety of
practical activities to explain how
the musculoskeletal system
functions, and its limiting conditions,
and evaluate the ethical and
performance implications of the use
of practices and substances that
enhance human movement.

OUTCOME 2

Collect and analyse information
from, and participate in, a variety of
practical activities to explain how
the cardiovascular and respiratory
systems function, and the limiting
conditions of each system, and
discuss the ethical and performance
implications of the use of practices
and substances to enhance the
performance of these two systems.



INQUIRY QUESTION
Is this physical activity, sport or
exercise?




CHAPTER

Introduction to the

concepts of physical
activity, sport and exercise

VCE Physical Education is the study of movement. Some topics relate to sports
performance and others focus on factors that influence the participation in and
outcomes of movement.

KEY KNOWLEDGE

© The concepts of physical activity, sport and exercise

© Social, cultural and environmental enablers and barriers to movement such as family,
peers, socioeconomic status, level of education, cultural values, geographic location
and access to facilities

KEY SKILLS
© Define and participate in a range of physical activities, sports and exercise
© Describe the social, cultural and environmental influences on movement

CHAPTER PREVIEW

Physical activity,
sport and exercise

Various influences

Friends, parents, Ethnicity, religion, Climate, location,
siblings, neighbours beliefs and values safety features




1 l1 Physical activity, sport and exercise

KEY CONCEPT Physical activity, sport and exercise refer to different types of
movement. It’s important to identify the influences that either enable people to
exercise or prevent them from doing so.

Physical Education is the study of human movement. There are different reasons

for studying this. We study the relationship between movement and health, and

movement and performance. Some movements are performed to maintain good health

and others are performed to gain a competitive advantage in sports. The emphasis of

studying movement for health is different from the emphasis of studying movement

for sports performance. For this reason, it is helpful to be able to categorise the types

@ of movement. qu example, physical activity ig not the focus for an athlete; they are
) focused on sporting performance. A person training for a fun run is more focused on

m Physical regular and planned exercise rather than increasing their general amount of physical

activity, sport activity.

and exercise The terms physical activity, sport and exercise are often used interchangeably. While
anq(rf;rty they all involve movement, they are different in their application. Sport is organised
and practice and competitive, exercise is often associated with activities people participate in to
questions increase their fitness, and physical activity is a broad term relating to various forms of
) movement.

VCE Physical Education covers a range of topics related to maximising sports
performance, the effects of exercise on the body and physical activity participation.
Many of the content areas in VCE Physical Education will relate to all three:
physical activity, sport and exercise. At times, the content will relate to only one of
these areas.

Physical activity is any Physical activity is any activity that involves or requires some form of physical
movement of the body produced exertion. It includes sport, play, active transport, chores, games, fitness activities,
by skeletal muscles, resulting recreation and some forms of work. Some examples of physical activity include
in energy expenditure. . . . . . .
children playing in the playground, adults walking to work or a family bike ride.

FIGURE 1.1 Bike riding is a form
of physical activity.
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Sport comprises a range of activities that are highly organised and involve rules,
complex skills and tactics, physical exertion and competition between participants.
Examples of sport include playing on a basketball or hockey team.

Exercise is physical activity that is planned or structured. It involves repetitive
body movement done to improve or maintain one or more components of fitness.
Participation in a Zumba class, going for a run or doing weight training are examples
of exercise.

Sportis a range of activities

that are highly organised and
involve rules, complex skills and
tactics, physical exertion and
competition between participants.

FIGURE 1.2 Competitive sports
such as basketball involve rules
and skills that require training to
master.

Exercise is defined as physical
activity that is planned or
structured, involving repetitive
body movement done to
improve or maintain one or
more components of fitness.

FIGURE 1.3 A Zumba class is an
example of exercise.
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1 .1 Physical activity, sport and exercise

TABLE 1.1 Comparison of physical activity, exercise and sport

All Physical activity Sport Exercise
Involve movement Any body movement Highly organised Planned, structured,
that results in energy  Involves rules, repetitive body
expenditure complex skills, movements
tactics and Often aimed to
competition improve fitness

o TEST your understanding

' 1 Take a brief look at the other chapters in Unit 1 of this textbook. Create a table
H with three columns and two rows. Label the columns ‘physical activity’, ‘sport’ :
and ‘exercise’. In each column, list a chapter number and outline how a topic
from that chapter may relate to each of these headings.

2 Use a Venn diagram to show the similarities and differences between physical
activity, sport and exercise.

3 For each of the following, indicate whether it is an example of physical activity,
sport or exercise.

Physical
Activity activity Sport Exercise
Gardening
Walking to the shops

Playing badminton

Running laps of an oval

Going for a ride along a bike path
Using the stairs rather than the escalator
Playing four-square

Using the treadmill at the gym
Swimming laps

Digging holes

Doing pushups

Playing for a soccer club
Climbing a tree

(eBook .| -

Riding a horse
Interactivity

Sport, exercise, activity? Body-boarding
Searchlight ID: int-6615
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1.

barriers to movement

Social, cultural and environmental enablers and

>

KEY CONCEPT The factors that affect movement are complex. For example, a
person’s physical activity behaviour is the result of a complex interaction between

their personal beliefs, the influence of those around them and their environment. The
determinants of movement in sports are also complex: the game score, position of
other players, weather, and the player’s confidence, genetics and training history are

some of the factors that combine to produce movement.

There are many factors that influence a person’s participation and success in physical
activity, sport and exercise. These factors include two categories: 1) sociocultural
factors and 2) environmental factors. Some of these factors are listed in table 1.2
below. Sociocultural influences are a combination of social and cultural factors.
Social influences refers to power structures within society and social interactions
and relationships, as well as political and economic factors. The cultural component
relates to shared ways of thinking and acting (ideas, values, beliefs and behaviours)
which differ from one culture to another or within cultures.

Environmental influences relate to the characteristics of the environment where
people live and spend their time. Environmental influences could relate to policy
or the built/natural environment. Examples of policy-related factors may be school
policies about physical activity and active play. Policies related to road safety such
as car speeds in built up areas could also influence physical activity. The built
environment relates to human-made facilities such as recreation centres, bike paths,
gyms and ovals. The natural environment includes factors such as the weather, oceans,
rivers and proximity to outdoors.

Sociocultural and environmental influences can have a positive or negative effect on
a person’s movement. These are referred to as enablers and barriers.

An enabler is something or someone who makes it possible for a particular thing
to be done. It has a positive effect on one’s physical activity behaviour or outcome of
movement.

A barrier is something that prevents progress or makes it difficult for someone
to achieve something. It has a negative effect on one’s physical activity behaviour or
outcome of movement.

TABLE 1.2 Sociocultural and environmental factors that influence movement

Sociocultural factors Environmental factors

Social Access to facilities

Income Geographical location

Level of education Distance to recreational facilities
Ethnicity/race Safety

Gender Weather

Socioeconomic status

Cultural

Cultural norms
Ethnicity

National traditions

There are factors that are unique to each individual such as their physiology,
genetics, maturation rates and physical ability/disability. These factors are not covered
in detail in this chapter but are referred to in other chapters of books 1 and 2. For the
purpose of this chapter, they are also classified as sociocultural influences.

Sociocultural influences are the
combination of social and cultural
influences on an individual. Social
influences include the interactions
an individual has with family,

peers and teachers. The cultural
component relates to shared

ways of thinking and acting (ideas,
values, beliefs and behaviours).

Environmental influences are
characteristics of the environment
in which people live and spend
their time that either enable
exercise or create a barrier which
can prevent people from exercising.

An enabler is something or
someone that has a positive
effect on one’s physical
activity behaviour.

A barrier is something or someone
that has a negative effect on
one’s physical activity behaviour.

Social and
cultural
enablers
and barriers
(physical
activity)
Concept
summary

and practice
questions

Concept 2
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1 -2 Social, cultural and environmental enablers and barriers to movement

| unit1

Topic 1

Environmental
enablers

and barriers
(physical
activity)

summary
and practice
questions

FIGURE 1.4 A skate park is
a human-made facility that
encourages physical activity.

Table 1.3 provides some examples of how sociocultural and environmental factors can be enablers or barriers to movement.

TABLE 1.3 Examples of sociocultural and environmental enablers and barriers

Barrier example Enabler example

Income

Education

Gender

Family

Peers

Ethnicity

Cultural
norms

Access to
facilities

Safety

Weather

Social

Low family income may prevent a child from participating
in swimming lessons. This will reduce the likelihood of
the child swimming for exercise or activity.

A child who attends a school without a PE teacher may
not learn the fundamental movement skills needed to
play sport. This may reduce their participation because
they don’t have the skills or confidence to play sport.

Girls may be less likely to develop skills in a particular
sport because boys are given more opportunities and
receive better coaching in that sport; for example,
Australian Rules football.

Children whose parents don’t value the importance of
physical activity may have fewer opportunities to be active.

A lack of interest in sports and activity within a friendship
group would provide fewer opportunities for an
adolescent to be active.

Cultural

Some ethnic groups may value participating in sport, or
particular sports, more than others. This may prevent
them from developing skills in other sports or, if the
sports that they are familiar with are not accessible, they
may be inactive.

Girls may be placed at psychological and social risk in
some sections of society if they choose to participate in
certain sports, due to cultural norms.

Environmental

Living in a high-rise apartment could reduce
opportunities to be active within the local environment.

Absence of street lights would discourage some from
being active when it is dark.

Rain will reduce the likelihood of people exercising, due
to discomfort and increased inconvenience.

High family income could enable a child to have regular
coaching with expert coaches, providing an opportunity
for the child to develop into an elite tennis player.

Knowledge that weight-bearing exercise influences bone
density may result in an older adult being more likely to
be active.

Males are more likely to develop skills in sports such as
rugby because they have more opportunities and male
role models in that sport.

Children who play a lot of sport with their siblings may be
more likely to develop the skills needed to be active.

Using a Fitbit to compare the number of steps with
friends may encourage an individual to be active.

People of a particular ethnicity may be genetically suited
to particular sports. Therefore, they may find it easy to
participate in that sport. For example, people from Kenya
are typically good at endurance sports, so excel at long-
distance running.

Australia’s pride in sporting achievement means that
the government provides funding to programs that
encourage physical activity, providing Australians with
more opportunities to be active.

A workplace with an onsite gym provides employees with
more opportunities to be active.

Bike lanes on the road would make riding safer and
increase the number of people cycling to work.

Mild sunny days can encourage activity because there is
less risk of sunburn and people tend to be more motivated.
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TEST your understanding

1 Explain the phrase ‘sociocultural influences on movement’.

2 Identify two sociocultural factors that are not listed in table 1.2.

3 Describe how these two factors can influence movement.

4 Define the terms ‘enablers’ and ‘barriers’.

5 Identify two possible subcategories that may exist under the heading of ‘environmental influences on movement’.
Provide an example of each.

APPLY your understanding
6 (a) As aclass orin groups, brainstorm a separate list of sports, physical activities and exercises that you could do
at school.

(b) Form groups of six or eight students.

(c) From the list that you established during the brainstorm, choose at least one physical activity, one form of exercise and
one sport in which your group will participate.

(d) Split your group into pairs. Each pair will then run a 15-minute group personal training session for the rest of the group.
In preparation for your session, you will write up a lesson plan that includes key points of communication, details and
timing of activities and considerations for safety. Please remember to stay true to your form of activity.

In your planning, please remember that your priority is to show an example of physical activity, sport or exercise so that
the members of the group can discover the similarities and differences between these.

(e) After all groups have had their turn, head back to the classroom and make some notes about the similarities and
differences between physical activity, sport and exercise.

(f) Following this task, an extension activity could be for the teacher to choose a group for each category (physical activity,
sport and exercise) to run their session with the whole class. This will provide students with participation in a wider
range of activities.

7 Draw up three tables, each with six rows and two columns.

(@) Label the three tables ‘Physical activity’, ‘Sport’ and ‘Exercise’.

(o) Label the columns ‘Equipment’ and ‘How it could be used’.

(c) Make a visit to the PE store room at your school. Identify equipment that could be used for physical activity, sport and
exercise, and outline how it could be used. An example is provided below.

PHYSICAL ACTIVITY

Equipment How it could be used

Skipping ropes Skipping ropes available for use at lunchtime

8 (a) Make a list of the physical activity, exercise and sport in which you have participated over the last three to
five days.
(b) Put these activities into three categories — physical activity, exercise and sport.
(c) Create a table with three columns (an example is provided for you below). Think of the enablers and barriers to
participation that influenced your activity over this period. Identify each factor, indicate whether it is sociocultural or
environmental and explain how this factor influenced your behaviour.

Factor Sociocultural or environmental Explanation

CHAPTER 1 ¢ Introduction to the concepts of physical activity, sport and exercise 9




1 l3 Sociocultural influences throughout Units 1-4

FIGURE 1.5 Sociocultural
influences were one of the factors
that led to the drug scandals in
cycling in the 1990s.

FIGURE 1.6 Today, there are
many devices that trainers can use
to help their clients achieve fitness
goals.

KEY CONCEPT Understanding how to use the term ‘sociocultural influences’ is
important in VCE Physical Education.

Throughout VCE Units 1-4 Physical Education you will be required to apply the term
‘sociocultural influences’ in various ways. Listed below are some examples of how you
may be required to apply this terminology during your VCE studies.

Unit 1 The human body in motion

© Social, cultural and environmental enablers and barriers to movement

Refer to table 1.3 for examples.
© Sociocultural influence on the use of legal and illegal practices

Example — consider the cyclists in the 1990s who were pressured to use illegal
methods of performance enhancement because their peers were participating in these
practices.

Unit 2 Physical activity, sport and society

© Sociocultural influences on participation in physical activity across the lifespan
Example — teenagers may be more active than adults because more of their friends
are active and the elderly may be active to increase social connections.
© Identify contemporary issues associated with participation in physical activity and sport
Example — active transport and cultural diversity are examples of these
contemporary issues. Active transport is a term used to describe when people use
exercise as a form of transport. This is an issue in Australia because government and
non-government organisations work together to make changes that encourage active
transport. In relation to cultural diversity, what changes need to be made to better
engage our culturally diverse community in physical activity?

Unit 3 Movement skills and energy for physical
activity

© Sociocultural factors that impact on skill development

Example — a child who grows up in some Australian communities may have
access to only Australian Rules football and cricket, limiting his or her opportunities
to develop skills in other sports. Children from some families or cultures may have
fewer opportunities to develop skills because sport and fitness are regarded as being
less important than academic success.

Unit 4 Training to improve performance

© The purpose of fitness testing from a sociocultural perspective

Example — athletes will participate in fitness testing for different reasons compared
to individuals who are starting an exercise program at the local gym. Athletes will be
measuring their fitness to improve their sporting performance, whereas the gym
attendee may want to find out how their fitness compares to that of the population. A
coach may use fitness testing to compare players whereas a personal trainer may use
fitness testing to provide feedback to his/her clients about improvements to their fitness.
For these and other reasons, the tests used and accuracy of methodology will vary.
© Strategies to record and monitor sociological training data

Training data is collected to evaluate many aspects of training. Devices such as
Fitbits provide people with an opportunity to compare physical activity and exercise
participation. This can provide the users with performance comparisons, social
benefits and motivation.
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CHAPTER 1 REVISION

Y SKILLS

© Define and participate in a range of physical activities, sports and exercise
© Describe the social, cultural and environmental influences on movement

UNDERSTANDING THE KEY SKILLS
To address these key skills, it is important to remember the following:

© social influences relate to relationships, role models and the influence of some policies and

economic factors
© cultural influences relate to shared ways of thinking and acting

© environmental influences relate to the built and natural environment and policies related to

the use of these environments
© physical activity, sport and exercise all refer to different types of movement.

PRACTICE QUESTION
Identify and outline one example for each of the following influences on movement: social,
cultural and environmental. (6 marks)

Sample response

Social factor (peers) — A person is more likely to be active if their friends are active. The
positive influence of a person’s friends and the fact that they are also active will provide a
person with greater opportunities to be active.

Cultural factor (cultural norms) — Generally, Australians value physical activity and sport.
Therefore, if a person wants to be active they are encouraged to do so and will have more
opportunities because there are fewer barriers to participation.

Environmental factor (weather) — A person may be less active in winter. The increased
rainfall makes it more difficult to go for a bike ride or a run because of discomfort,
inconvenience of changing clothes and lack of motivation. This will reduce the person’s
opportunities to be active and as a result the amount of physical activity that they
participate in.

PRACTISE THE KEY SKILLS

1 Outline a social, cultural and environmental factor (one of each) that influences your
participation in physical activity, sport and exercise.

2 Harry is 13 years of age and his family has moved from Melbourne to a rural Victorian town

that has a population of 3000 people. The sports that are available in the town include
squash, tennis, football, cricket, netball and basketball. When he lived in the city, Harry
used to enjoy skateboarding and swimming. He used to catch public transport to school
but he may be able to walk to school now because he lives only one kilometre from the
school.

Use your knowledge of the sociocultural and environmental influences on physical
activity to explain how the move to the country may affect Harry’s physical activity.

CHAPTER REVIEW

CHAPTER SUMMARY

© There is a difference between physical activity, exercise and sport.

© There are numerous influences on movement. These influences can be classified as
sociocultural or environmental.

Sociocultural influences can be further separated into social and cultural influences.
Environmental influences include the built and natural environment and the policies that
can affect the use of the environment where people live or spend their time.

Each influence is called a factor. These factors can be enablers or barriers to movement.
Enablers are factors that encourage movement or enhance movement quality.

Barriers are factors that reduce the likelihood or efficiency of movement.

000 00

© yellow identify the action
word

© pink key terminology
© blue key concepts

© light grey marks/marking
scheme

STRATEGIES TO DECODE

THE QUESTION

© Identify the action word:
Identify — determine the key
characteristics or features
Outline — general description
but not in detail

© Key terminology: influences
— factors that affect
movement

© Key concept: there are
multiple factors that affect
movement, many of which
are interrelated. These
factors can be categorised
into sociocultural and
environmental factors.

© Marking scheme: 6 marks
— always check marking
scheme for the depth of
response required, linking to
key information highlighted in
the question.

HOW THE MARKS
ARE AWARDED

© 2 marks for each (social,
cultural and environmental)

© 1 mark: identify a correct
example of each of the
influences on movement

© 1 mark: outline how it affects
physical activity behaviour
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INQUIRY QUESTION
How do bones and joints
assist movement in sprinting?




CHAPTER

Structure and functions
of the skeletal system

The skeletal and muscular systems work together to produce movement in
physical activity, and one cannot function without the other. The different
bones and joints have a number of functions and work together with muscles,
creating the various anatomical movements.

KEY KNOWLEDGE
© The structure and function of the skeletal system including bones of the human bodly,
classification of joints and joint actions

KEY SKILLS

© Use and apply correct anatomical terminology to the working of the musculoskeletal
system in producing human movement

© Perform, observe and analyse a variety of movements used in physical activity, sport
and exercise to explain the interaction between bones, muscles, joints and joint actions
responsible for movement

CHAPTER PREVIEW

Skeletal
system

Body Types e.g. superior  e.g. flexion
movement of bones 9. sup 9
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Cartilaginous Synovial Fibrous
> Protection > Long * *
. sBc)E::lII(St Saddle
silineE] > Sesamoid
storage * *
Production . _
> ofredblood >  Flat Hinge Gliding
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> Irregular Pivot Condyloid




2.

The skeletal system: functions and structure of

major bones

KEY CONCEPT The skeletal system is an essential body system for physical
activity. It provides the framework for muscles to attach to so that movement can

occur. It also interacts with other body systems providing protection, mineral storage
and a site for blood cell formation.

structure made of bones that
provides support, protection
and sites to which muscles
attach to create movement.

Functions of

study[I])
m the skeletal
e
summary

and practice
questions

The musculoskeletal system is made up of the skeletal system (bones, joints, ligaments
and tendons) and muscular system (muscles). The skeletal system is made up of
206 bones and encompasses all of the bones, every joint and corresponding ligaments.

Functions of the skeletal system

The skeletal system has five main functions in bodily health:

© body movement (the most important function to understand in physical
education)

© framework

© protection

© mineral storage

© production of red blood cells.

Body movement

The human body has 206 bones, all of which provide sites for muscle attachment.
The bones act as levers and work with the muscular system to create movement.
When a muscle contracts, it pulls on the bone to which it is attached and thus
movement occurs. Any irregularity on a bone’s surface provides a possible site for a
muscle attachment. Figure 2.1 illustrates the sites for the triceps muscle attachments.

Tendon Biceps
(contracted)
Biceps

(relaxed)

Humerus

Triceps
(relaxed)

Radius
Triceps

(contracted) Insertion

Ulna

FIGURE 2.1 Bones offer ready attachments for muscle tendons.
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Framework and
protection

The skeleton provides a solid
framework for the body and
helps battle the forces of
gravity. Everyone has a solid
skeleton, but the differences
in peoples posture indicate
the interdependence of the
skeletal and muscular systems
in maintaining correct
posture.

The strong  protective
skeletal ~ layer  provides
protection for many vital body
organs. This is particularly
evident when the rib cage is
examined (figure 2.2). This
naturally  enclosing  shell
effectively protects the heart
and lungs from all but the
most traumatic of injuries.

There are two main types
of bone tissue:
© Compact bone, which is

Rib cage

FIGURE 2.2 The ribs provide
protection to the vital organs of
the body.

found in the shaft or diaphysis of the long bone. This comparatively solid bone
surrounds the cavity of the long bone (figure 2.3), offering an extremely strong
structure that gives the body its rigid framework. Collagen is a central ingredient
in providing compact bone rigidity and tensile strength (as it is with cancellous
bone). In some ways the skeleton is stronger and more durable than concrete.

© Cancellous bone (also described as spongy bone, being less dense than compact
bone), which provides some of the shock absorption required at the end of long
bones or at the edges of more irregular bones.

Mineral storage

Bone tissue efficiently stores a number of minerals that are important for health.

Calcium is a mineral found mainly

Calcium, phosphorus, sodium and potassium all contribute to the health and iy the hard part of bones and
maintenance of bone tissue as well as carrying out other roles in the body. Calcium s essential for healthy bones.

also assists with muscular activity.

Cartilage

It is also important for muscle
contraction, nerve transmission,
enzyme activity and blood clotting.

Epiphyseal plates

y

~-<— Cartilage

Head of femur — Cavity containing Shaft — hard or compact bone,

spongy bone containing bone marrow

red marrow, where red
blood cells are made

FIGURE 2.3 A long bone

which gives the bone its shape
and strength (it contains
calcium and phosphorus.)
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2.1 The skeletal system: functions and structure of major bones

Production of red blood cells

Essential production of new red blood cells occurs within the cavity of long bones.
Production levels are high during growth years, diminishing as age increases and the
need for high rates of red blood cells decreases. Such cells are essential for oxygen

Haemoglobin is a substance . . L
9 transportation throughout the body. Haemoglobin, a protein inside red blood cells,

found in red blood cells

that transports oxygen transports oxygen molecules from the lungs to the body. Much of an adult’s bone
around the body. cavity is filled with yellow bone marrow, which is a source of long-term energy
(fhigure 2.3).

Major bones of the skeletal system

The major bones of the skeletal system are shown in figure 2.4.

Interactivity
Major bones of the skeletal system
Searchlight ID: int-6616

Frontal bone e « | *— Parietal bone
Orbit .| <«—— Occipital bone
Zygomatic bone . s |
Maxilla ~=vzf Atlas
Mandible ) i : Axis
Cervical spine Scapular spine £ )
Clavi : "y Clavicle
avicle FNeea LNIES f
Scapula V e = ¢
Scapula > , 2\ P 4 \
P A
Humerus ——» Sternum A oS . )
; ) Humerus b | “ =t Thoracic spine
Ribs eaReg || _
AN - Ribs
-r -\--_ '.". S
Lumbar spine p g

y L 8 llium Radius §
it m Ulna / llium
Una — i - — Sacrum

I

Carpal bones N & Fo7 Pubis

Al M D,

Metacarpals i Jiis '\.\
Phalanges h \
NN
f :'. Ischium

Pubic symphysis
Patella

Medial malleolus

Tarsal bones
Lateral malleolus

(1| Metatarsals
t' | Phalanges

Calcaneus

FIGURE 2.4 Skeletal bones from the anterior and posterior of the body
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Types of bones

There are five types of bones in the human body, distinguished by their shape.

1. Short bones (figure 2.5a) are roughly cubical, with the same width and length; for
example, the carpals of the wrist and the tarsals of the foot.

2. Long bones (figure 2.5b) are longer than they are wide, and they have a hollow
shaft containing marrow (figure 2.3); for example, femur, phalanges and humerus.

3. Sesamoid bones (figure 2.5¢) are small bones developed in tendons around some
joints; for example, the patella at the knee joint. study(] |

4. Flat bones (figure 2.5d) provide flat areas for muscle attachment and usually

enclose cavities for protecting organs; for example, scapula, ribs, sternum
and skull.

Weblink
Types of bone

Structure of
the skeletal

5. Irregular bones (figure 2.5¢) have no regular shape characteristics; for z{;t;r;
example, vertebrae and bones of the face. summary
Concept 2 and practice
questions

(@) Carpals (wrist) Ulna

Radius

Vertebral
processes

Large flat
surface area
for muscle
attachments
and protection
of organs
beneath them

Spinal canal
— protects
the spinal cord

Vertebral
body

FIGURE 2.5 Examples of bone types: (a) short bones, (b) a long bone, (c) a sesamoid bone, (d) a flat bone, (e) an irregular bone
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2-1 The skeletal system: functions and structure of major bones

Vertebral column

The vertebral column (also called the spine) provides the central structure for the
maintenance of good posture. If a person maintains the correct levels of strength and

The vertebral column (or
spine) is the column of irregular

bones comprised of three flexibility in all the muscle groups that connect with the vertebral column, then they
distinct curves that provides the are likely to avoid postural problems.

body’s central structure for the The vertebral column has some special features:

maintenance of good posture. © Each vertebra has a hollow centre through which travels the spinal cord that

controls most conscious movement within the body. In this way the cord is
protected (figure 2.5e).
Vertebrae are the 33 moveable O The vertebrae increase in size as they descend from the cervical to the lumbar
and immoveable bones that region (figure 2.6). This helps them support the weight of the body.
make up the vertebral column. © Movement between two vertebrae is very limited. But the range of movement of
the vertebral column as a whole is great, allowing bending and twisting.
© Intervertebral discs separate each of the vertebrae in the cervical, thoracic and
lumbar regions. They absorb shock caused by movement and allow the vertebral
column to bend and twist.

Cervical
(7 vertebrae)

Thoracic
(12 vertebrae)

Intervertebral
discs made from
cartilage

Interactivity
Sections of the spine
Searchlight ID: int-6617

Lumbar
(5 vertebrae)

Sacrum
(5 vertebrae
fused together)

Coccyx
(4 vertebrae fused
together)

FIGURE 2.6 Side view of the vertebral column showing the five main sections

Bone growth and health

o y ' Epiphyseal plates, also known as growth plates, are the centres for bone growth.

Epiphyseal plates (or growth h [ the diaphvsi haft of the 1 b h 1 bl

plates) are the growth centre Found at the ends of the diaphysis or shaft of the long bone, these plates are visible

of developing bones. under x-ray and may be damaged in injury. The rate of growth of a leg, for example,
may diminish if the leg is broken during growth years. However, following injury
repair, the leg’s rate of growth will usually accelerate until the legs are again growing
equally. The majority of bone growth occurs during infancy and adolescence and has
usually stopped by early adulthood.
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TEST your understanding

1 Using the correct anatomical terminology, analyse the movement depicted in
the image at the start of this chapter on page 12 by:
(a) identifying the bones and joints utilised in this sprinting activity

i Digital document
(b) identifying the joint actions required in the sprinting activity responsible for : Skeleton

movement. Searchlight ID: doc-1099

2 Download the ‘Skeleton” document from your eBookPLUS. Label the major
bones of the skeleton.
3 Discuss the five main functions of the skeletal system.
4 The function of some bones is to provide protection for vital organs. ldentify
these bones and the vital organs they protect.
5 Identify and describe the two types of bone tissue.
6 List the five types of bones in the skeletal system and provide one example of
each.
7 l|dentify the bones that form each of the following joints:
(@) shoulder
(b) elbow
(c) hip
(d) knee
(e) ankle.
8 Revise what you know about the vertebral column.
(@) List the five main sections of the vertebral column.
(o) Identify how many vertebrae are in each section.
(c) Describe how the vertebrae change along the length of the vertebral column.
(
(

d) Provide some possible reasons for this change.
e) List the main functions of the vertebral column.
9 Copy and complete the table below.

Common name Anatomical name Type of bone
Shin bone Tibia Long Interactivity ,

Common and anatomical names
Jaw of bones

Searchlight ID: int-6618
Breast bone

Shoulder blade
Hip bone
Collar bone
Thigh bone
Knee cap

Ankle bones

APPLY your understanding
10 Practical activity: participate in a game of tennis
(@) Identify all the skills/movements required in the activity you have participated in.
(b) For each skil/movement, list the bones responsible for helping to create that
movement.
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2.

Joint classification and structure and anatomical

movements

>

KEY CONCEPT A joint is the intersection of two or more bones. Joints
and their actions are essential for human movement as movement occurs

via muscles crossing joints, attaching to bones and pulling on them to allow
contractions to occur.

— [studym]

Classification
of joints

. summary
Topic 2 )
and practice

FIGURE 2.7 Immoveable
fibrous joints form the skull.

Cartilage is a tough, fibrous
connective tissue located at the

end of bones and between joints.

It protects bones by absorbing
the impact experienced in
movements such as jumping.

A ligament is a strong fibrous
band of connective tissue that
holds together two or more
moveable bones or cartilage,
or supports an organ.

Classification of joints

The skeleton has three major joint types. These joints are classified by how the bones

are joined together and by the movement that each joint permits.

© Fibrous (immoveable) joints offer no movement. Examples include the skull
(figure 2.7), pelvis, sacrum and sternum.

© Cartilaginous (slightly moveable) joints are joined by cartilage and allow small
movements. Examples include the vertebrae (figure 2.8) and where the ribs join
the sternum.

© Synovial (freely moveable) joints offer a full range of movement and move freely
in at least one direction. Examples include the knee or shoulder (figure 2.11 on
page 22).

ay

o |

Cartilage —»
4 disc

FIGURE 2.8 Slightly
moveable (cartilaginous)
joints in the spine

Vertebra ——>»

Fixed joint

Connective tissue

Connective tissue plays an important role in the function of both the skeletal and
muscular systems. It is classed as soft tissue because it does not have the rigidity of
bone whereas it does have the flexibility of soft tissue along with the strength that
collagen provides.

Cartilage

Cartilage is a smooth, slightly elastic tissue found in various forms within the body:
© hyaline cartilage coats the ends of the bones in synovial joints

© discs of cartilage separate the vertebrae of the spine (figure 2.8)

© the ribs attach to the sternum via cartilage

© the hard part of the ear and the tip of the nose are also cartilage.

Ligaments

Ligaments cross over joints, joining bone to bone. Their slight elasticity allows small
movement from the bones of the joint. The main function of ligaments is to provide
stability at the joint, preventing dislocation (figure 2.9). If ligaments are seriously
damaged in an accident, they may not be able to repair themselves and may require
surgery.
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Quadriceps
tendon

Posterior cruciate

Joint capsule ligament

Anterior cruciate

Patella ligament

Oblique poplitec
ligament Tibial collateral

. ligament
Fibular collateral

ligament .
Fibular collateral

Patella ligament

ligament

Tendons

Tendons are inelastic and very strong, allowing movement by helping muscles pull
through the joint and on the bones. The biceps muscle (figure 2.10) is an example of
a muscle that works through two joints. It has two tendinous origins at the scapula
(allowing the humerus to flex away from the body), and the tendinous insertion into
the radius in the forearm allows the forearm to flex upwards towards the humerus.

Tendon originates

at scapula
A
e N\
Biceps Biceps
(long head) (short head)

Biceps muscle
belly

Tendon insertion
on radius

Synovial joints

Synovial joints are the joints of most interest to physical activity as they are directly

involved in producing skilled movement. They are classified by a number of qualities

(figure 2.11):

© free movement in at least one direction

© cartilage that offers protection and cushioning at the ends of bones and reduces
friction

FIGURE 2.9 Ligaments of the
knee joint (side and rear view)

connective tissue that attaches
muscles to bones.

FIGURE 2.10 Tendons of the
biceps muscle

A synovial joint is a specialised
joint that allows more or less
movement and has a joint capsule.
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Joint classification and structure and anatomical movements

© ligaments that secure bones in place and allow controlled ranges of movement

© enclosure by a joint capsule (a layer of tissue that surrounds the joint and provides
stability in the joint by holding it together)

© a synovial membrane that lines the inside of the joint capsule and secretes
synovial fluid, promoting lubricated movement by the joint.

Yellow bone marrow Types of synovial joints

Periosteum There are six types of synovial joints (figure 2.12). These joints are
Spongy bone classified by the shape of the bones that articulate at the joint as well
Compact bone as the amount and type of movement possible at each joint.

Ligament

Synovial membrane
Joint cavity

(contains synovial fluid)
Articular cartilage

Joint capsule

(reinforced by ligaments) Head of humerus —
}\ 2 Ball and socket joint
Scapula (N S ) Allows a wide range of
) ( movement (sideways,
backwards/forwards,

rotation), e.g. hip, shoulder

FIGURE 2.11 Basic structure of a Hinge joint

synovial joint = Allows movement in
only one direction
(backwards/forwards),

e.g. elbow, knee

Humerus

eLesson B
Animation of joint movements Pivot joint D> Ulna
Searchlight ID: eles-2578 Where one bone rotates [

about another (rotation), Radius

e.g. atlas/axis in neck,

radius and ulna in

forearm )
Weblink
Six types of synovial joints Carpal bone = Gliding joint

Metacarpal bone Metacarpal bone Allows only gliding or sliding
movements (sideways,
Phalanx ba\ckwards/forwards)z
] e.g. carpals of the wrist,
S @ tarsals of the ankle

7y

| —

Saddle joint Condyloid joint

Allows movement in Allows movement in

two directions (sideways, two directions
FIGURE 2.12 Six types of backwards/forwards), (backwards/forwards,
synovial joints e.g. thumb sideways), e.g. wrist
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Anatomical position, terms of reference

and movements

Anatomical position and terms of reference

When discussing synovial joints and the movements they create, it is also important to
understand the anatomical position and common terms of reference. The anatomical
position is defined as standing erect, facing forward with arms by the side and palms
facing forward. The terms of reference shown in table 2.1 help to describe where a
body part is in relation to another body part. For example, the patella is located on

Anatomical position refers
to standing erect, facing
forward with arms by the side
and palms facing forward.

the anterior (front) aspect of the body.

TABLE 2.1 Terms of reference

Term Definition

Superior Towards the head
or upper part of the
body

Inferior Towards the feet or
lower part of the
body

Anterior Towards the front
of the body

Posterior Towards the back
of the body

Medial Towards the midline

of the body

Example

The cranium is A ‘::’
superior to the Vo,
sternum. ( g ‘\“]

5 { Weblink
Anatomical terms of reference

The tarsals are
inferior to the
femur.

The patella is on
the anterior side
of the body.

Interactivity
Orientation and directional terms

The scapulais
posterior to the g

Searchlight ID: int-6619
sternum. .

The sternum is f‘k‘
medial to the rib !'_’

4
LA

cage.

.

(S;

(continued)
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2.2 Joint classification and structure and anatomical movements

TABLE 2.1 Continued

Term Definition Example
Lateral Towards the outer The fibula is =y
side of the body lateral to the tibia. &5

Studym ) Proximal Closer to the trunk of The femur is

m Joints actions the body proximal to the
Concept patella.
ot
questions
Distal Further away from the  The phalanges
trunk of the body are distal to the
humerus.
Superficial Towards the surface The rib cage is
of the body superficial to the
heart.
Deep Towards the inner The liver is deep
part of the body to the skin.
Prone Face down Lying on the — . -
stomach < . -

Supine Face up Lying on the
back a4 -
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Anatomical movements

A variety of movements can occur at synovial joints. These are called anatomical
movements, and there is a specific term to describe each movement (table 2.2).

TABLE 2.2 Terms for anatomical movements in various activities

Anatomical
movement

Flexion

Extension

Abduction

Adduction

Circumduction

Rotation

Definition

Decrease in the
angle of the joint

Increase in the
angle of the joint

Movement of a
body part away
from the midline
of the body

Movement of a
body part back
towards the
midline of the body

Movement of the
end of the bone in
a circular motion

Movement of a
body part around
a central axis

Example

Bending the elbow
or knee

Straightening the
elbow or knee

Lifting arm out to
side (out phase of
star jump)

Returning arm into
body or towards
midline of the
body

Drawing a circle
in the air with
straight arm

Turning head from
side to side

)

[

X

(continued)

Digital document
Anatomical movements
Searchlight ID: doc-1100

Weblink
Anatomical terms of movement

Interactivity

Anatomical movement: image
match

Searchlight ID: int-6620
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2.2 Joint classification and structure and anatomical movements

TABLE 2.2 Continued

Anatomical

movement Definition Example

Pronation Rotation of the Palm facing down
hand so that the
thumb moves in
towards the body

hand so that the
thumb moves
away from the
body

Eversion Movement of the Twisting ankle out
sole of the foot
away from the
midline

Supination Rotation of the Palm facing up !!

Inversion Movement of Twisting ankle in |
the sole of the |
foot towards the
midline }

Dorsi flexion Decrease in the Raising toes
angle of the joint upwards
between the foot
and lower leg

Plantar flexion Increase in the Pointing toes to

angle of the joint the ground

between the foot

and the lower leg ’
Elevation Movement of the Shrugging

shoulders towards  shoulders

the head
Depression Movement of the Returning

shoulders away shoulders to

from the head normal position

26 UNIT 1 ¢ The human body in motion




TEST your understanding

1 Discuss the three joint types and provide an example of each.

2 Outline the common features of synovial joints. Draw a picture to illustrate.
3 Copy and complete the table below in relation to synovial joints.

Anatomical movement

Type of synovial joint

Neck
Shoulder
Elbow
Wrist

Hip

Knee

Ankle

4 Describe the anatomical position.

5 Using your knowledge of the anatomical terms of reference, select the correct
option in relation to the bones of the human body.

a) The skull is (superior/inferior) to the sternum.

b) The scapula is found on the (anterior/posterior) side of the body.

c) Carpals are found at the (proximal/distal) end of the arm.

d) The fibula is on the (medial/ lateral) side of the body.

(e) A situp is performed in the (prone/supine) position.

—~ e~ o~ —

APPLY your understanding
6 Practical activity: Conduct the following activities, and identify and define the
anatomical movement that is taking place.
(@ The knee when kicking a football
(b) The arm when performing a star jump
(c) The shoulder during an underarm pitch
(d) The shoulders during a volleyball dig
7 Practical activity: For each of the anatomical movements listed in table 2.2,
demonstrate a sporting example that illustrates the movement.
8 Practical activity: participating in a team sport such as netball or touch
football
(@) List all the skills required to complete the activity successfully.
(b) For each skill, identify:
(i) the joints used and the type of each joint
(i) the anatomical movement performed.

Interactivity
Joints
Searchlight ID: int-6621
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CHAPTER 2 REVISION

©

©
(]
(>

yellow identify the action
word

pink key terminology
blue key concepts

light grey marks/marking
scheme

STRATEGIES TO DECODE
THE QUESTION

©

Identify the action word:
Discuss — to go into detail
about the characteristics of a
key concept

Key terminology: types

of joints and anatomical
movements (hinge, and

ball and socket) and their
anatomical movements
(flexion, extension, adduction,
abduction and rotation)

Key concept: joints and
anatomical movements —
understanding the different
types of joints (hinge, and
ball and socket) and their
anatomical movements
(flexion, extension, adduction,
abduction and rotation)
Marking scheme: 4 marks
— always check marking
scheme for the depth of
response required, linking to
key information highlighted in
the question.

HOW THE MARKS
ARE AWARDED

©

©

1 mark: similar — stated

that both joints are freely
moveable and synovial joints
1 mark: difference — stated
the difference between types
of joints and anatomical
movements

1 mark: used key terminology
— synovial joint, extension,
flexion, rotation, abduction
and adduction

1 mark: demonstrated an
understanding of the different
types of joints and anatomical
movement

KEY SKILLS

© Use and apply correct anatomical terminology to the working of the musculoskeletal
system in producing human movement

© Perform, observe and analyse a variety of movements used in physical activity, sport
and exercise to explain the interaction between bones, muscles, joints and joint actions
responsible for movement

UNDERSTANDING THE KEY SKILLS

To address these key skills, it is important to remember the following:

© correct anatomical names for the major bones in the body

© understand how joints are classified

© understand, identify and explain the various types anatomical movements.

PRACTICE QUESTION

By referring to types of joints and anatomical movements, discuss the similarities and
differences of the elbow and the shoulder joints (4 marks).

Sample response

The elbow and shoulder joints are similar as they are both freely moveable and classified as
synovial joints. The differences are shown with the types of synovial joints and anatomical
movements as the hinge joint (elbow) only allows movement in one direction, flexion and
extension, whereas the ball and socket (shoulder) joint allows a range of movements such as
flexion, extension, abduction, adduction and rotation.

PRACTISE THE KEY SKILLS

1 Compare the gliding joint and condyloid joint.
2 State the name and type of bone in the:
a. lower leg
b. forearm.
3 Name the bones, joints and movements required to produce the body action of jumping.

KEY SKILLS EXAM PRACTICE
Complete the following table on types of synovial joints and anatomical movements.

Anatomical movement/s

Type of synovial joint

Shoulder

Elbow Hinge Flexion, extension

Ankle

4 marks

CHAPTER REVIEW

CHAPTER SUMMARY

Skeletal system

© The skeletal system has five main functions:
— body movement
— framework
— protection
— mineral storage
— production of red blood cells.
© Bones act as levers and work with the muscular system to create movement.
© There are five types of bones: long bones, short bones, flat bones, irregular bones and
sesamoid bones.
© The vertebral column provides the central structure for the maintenance of good posture.
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Joints and anatomical movements

© The major joint types within the skeleton are:

— fibrous (immoveable)

— cartilaginous (slightly moveable)

— synovial (freely moveable).

Connective tissue includes cartilage, ligaments and tendons.

Synovial joints are classified into six main types via the shape of the bones they articulate
and the movements they allow:

00

— ball and socket - saddle
— hinge - gliding
— pivot — condyloid.

© The anatomical position is standing erect, facing forward with arms by the sides and palms
facing forward. Terms of reference help to describe where a body part is in relation to
another body part.

© Anatomical movements include flexion, extension, abduction, adduction, circumduction,
rotation, pronation, supination, eversion, inversion, dorsi flexion, plantar flexion, elevation
and depression.

MULTIPLE CHOICE QUESTIONS

1 From inferior to superior, the curvatures of the spine are the
(A) cervical, thoracic, lumbar, sacral, coccyx.
(B) coccyx, sacral, lumbar, thoracic, cervical.
(C) sacral, coccyx, lumbar, cervical, thoracic.
(D) cervical, thoracic, sacral, lumbar, coccyx.
2 The humerus joins with the radius and ulna to form a
(A) saddle joint.
(B) pivot joint.
(C) gliding joint.
(D) hinge joint.
3 Bones are attached to each other by
(A) ligaments.
(B) muscle.
(C) joints.
(D) cartilage.
4 Muscles are attached to bones by
(A) ligaments.
(B) tendons.
(C) connective tissue.
(D) joints.
5 Pushups are done in which position?
(A) Supine
(B) Lateral
(C) Superior
(D) Prone
6 The movement that causes the angle of the joint to decrease is
(A) abduction.
(B) flexion.
(C) extension.
(D) adduction.
7 The five main functions of the skeletal system are
(A) production of white blood cells, body movement, mineral storage, framework and
protection.
(B) production of white blood cells, body movement, mineral production, framework and
protection.
(C) production of blood cells, body posture, mineral production, framework and
protection.
(D) production of red blood cells, body movement, mineral storage, framework and
protection.
8 The tarsals of the foot are examples of a
(A) long bone.
(B) flat bone.
(C) short bone.
(D) sesamoid bone.

Interactivity

Structure and functions of the
skeletal system quiz
Searchlight ID: int-6622
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CHAPTER 2 REVISION

9 The two main types of bone tissue are
(A) hard bone and spongy bone.
(B) collagen bone and compact bone.
(C) compact bone and cancellous bone.
(D) spongy bone and solid bone.

10 The skeleton has three major joint types. They are classified as

(A) fibrous (freely movable), cartilaginous (slightly moveable) and synovial (immoveable
(B) fibrous (slightly movable), cartilaginous (freely moveable) and synovial (immoveable
(C) fibrous (immovable), cartilaginous (slightly moveable) and synovial (freely moveable
(D) fibrous (freely movable), cartilaginous (immoveable) and synovial (slightly moveable).

— =

EXAM QUESTIONS

Question 1

a. Name the anatomical movement responsible for raising the athlete up from
the floor to the position shown in the picture. 1 mark

b. Describe the type of anatomical movement required to raise the athlete up from
the floor to the position shown in the picture. 1 mark

Question 2

Discuss one function of the skeletal system. 2 marks

Question 3

a. Describe the action of the elbow joint when the weight is lowered. 1 mark

b. List the bones in the upper and lower arm that are involved in this
movement. 2 marks
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Question 4
State the types of bones in the knee joint and upper leg. 2 marks

Question 5

Use the diagram below of the skeletal system to answer the following questions.

a. Circle clearly and label an example of each of the following
joint types. 4 marks
i. saddle
ii. hinge
iii. ball and socket
iv. gliding
b. Select two of the above joint types and using arrows and words describe the
types of movements possible at each joint. 2 marks

Joint type 1:

Movements possible:

Joint type 2:

Movements possible:

CHAPTER 2 ¢ Structure and functions of the skeletal system

31




How does the musculoskeletal
system work together to produce
movement such as in this chinup?




CHAPTER

Structure and functions of
the muscular system

The skeletal and muscular systems work together to produce movement in
physical activity, and one cannot function without the other. The different muscle
fibre types, the range of muscle movements and how they are stimulated to
move by the central nervous system are essential learning for the developing
sportsperson.

KEY KNOWLEDGE

© The major muscles of the human body

© Characteristics and functions of muscle fibres including fibre arrangement and type
(fast-twitch and slow-twitch)

© Types of muscular actions (isoinertial, isometric and isokinetic)

© Agonists, antagonists and stabilisers, and the concept of reciprocal inhibition

© Control of muscles including the recruitment (size principle) and activation
(‘all or nothing’ principle) of motor units in relation to force production

O Interactions of muscles and bones to produce movement in physical activity, sport and
exercise

KEY SKILLS

© Use and apply correct anatomical terminology to the working of the musculoskeletal
system in producing human movement

© Perform, observe and analyse a variety of movements used in physical activity, sport
and exercise to explain the interaction between bones, muscles, joints and joint actions
responsible for movement

© Describe the role of agonists, antagonists and stabilisers in movement

© Describe the relationship between motor unit recruitment, activation and force production

CHAPTER PREVIEW
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3.

The muscular system: functions, types

and major muscle groups

>

KEY CONCEPT The muscular system allows a range of physical movements we
can consciously or subconsciously control including body movement, posture and

essential bodily functions. Each individual muscle has an important role and is
responsible for assisting with everyday movements.

| studyfm |

\—J

Types of
muscle and

m their function

e
summary

and practice

questions

N

Voluntary control refers to
conscious control of the muscle.

Involuntary control refers to no

conscious control of the muscle.

FIGURE 3.1 Smooth muscle
contracts rhythmically and works
without conscious effort.

Functions of the muscular system

The human body has over 600 muscles. These muscles function to allow a range
of physical movements that we either consciously or subconsciously control. These
movements range from fine motor skills such as blinking an eye or writing, to gross
body movements such as running or throwing a ball.

Body movement

All muscles that we can consciously control (voluntary control) are attached to bones.
Such muscles are also known as voluntary muscles. The central nervous system sends
a message to the relevant muscle, and then the muscle pulls the bones to allow the
desired movement.

Adequate posture

Muscles are continually in a state of tone that affects their ability to help our body
to maintain an upright posture when awake and to function safely during sleep.
People with poor muscle tone generally have poor posture and resultant aches and
pains because gravity is defeating the muscles’ resistance. Muscles of the upper back
— such as the trapezius, rhomboids and the latissimus dorsi — strongly influence
posture maintenance. Regular exercise helps improve muscle tone, which allows
resting muscles to resist being stretched and keeps them in constant readiness.

Essential bodily functions

Involuntary muscles are those over which we have little or no conscious control
(involuntary control). They function continuously and preserve our ongoing body
needs whether we are awake or not. The heart is a muscle over which we generally
have little control, and muscular effort also controls our digestive and breathing
demands.

Types of muscle

Muscles can be classified into three main groups:
© smooth
© cardiac
O skeletal.

Smooth muscle

Smooth muscle is found in hollow organs such as
the walls of the digestive tract, the bladder and the
blood vessels (figure 3.1). You have no conscious
control over smooth muscle contractions (thus
called ‘involuntary’), which are slow, sustained and
rhythmic. The contractions of the smooth muscle
in the intestinal walls and stomach, for example,
move food through the digestive tract. Such muscles
fatigue more slowly than skeletal muscle.
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Cardiac muscle

Cardiac muscle is found only in the heart. The muscle fibres are intertwined, which
helps the heart push blood into arteries going to the lungs and other body tissues
(figure 3.2). The heart is an involuntary muscle (although some people claim that
they can make their heart beat faster or slower at will) and it is difficult to fatigue.
When a nerve impulse arrives at the heart, the message is relayed from cell to cell,
causing rhythmic contractions and relaxations.

FIGURE 3.2 Cardiac muscle
is a combination of the other
two muscle types (smooth and
skeletal).

Skeletal muscle

Skeletal muscle attaches to and causes movement of the skeleton. It is striated,
meaning that it has a striped appearance (figure 3.3). Skeletal muscle is under
voluntary control because you are consciously aware of the muscles and can control
their contractions. The muscles may also take part in reflex actions, such as a knee-
jerk reaction. If you want to throw a netball or kick a soccer ball, your brain sends a
message to the muscles concerned and the required physical action results. As skeletal
muscle is responsible for human movement, this muscle type will be the focus of the
next section.

FIGURE 3.3 Skeletal muscle is
under voluntary control, causing
movement of the skeleton when
activated.
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3-1 The muscular system: functions, types and major muscle groups

Major skeletal muscles

To be able to study body movements, it is important to identify the positions and
mm ~actions of the major muscle groups of the body (figure 3.4 and table 3.1). Muscles are
: . usually named according to their characteristics or locations. For example: the triceps,
nteractivity which has three points of origin; the pectoralis major, which is a large (major) muscle

Muscles . . . . .
Searchlight ID: int-6623 of the chest or pectoral region; and the quadriceps femoris, which consists of four
separate muscles anterior to the femur.

\& &)

Trapezius

Triceps brachii

Deltoid

Biceps brachii

Obliques

Rectus
abdominis

Obliques
Gluteus
maximus

\ ; Semitendinosus
Adductors yLury ‘ Q Biceps femoris
Semimembranosus
Gastrocnemius

Sartorius Hamstrings

Rectus femoris

Vastus intermedius | Quadriceps VA
Vastus lateralis femoris ¢ 3 Soleus
Vastus medialis \ '

Gastrocnemius

FIGURE 3.4 Muscles of the
X human body: (a) anterior view and
(@) (b) posterior view
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TABLE 3.1 Major muscles and the actions they produce

Major muscle

Shoulder/chest — anterior

Deltoid

Pectoralis major
Serratus anterior
Shoulder/back — posterior
Trapezius
Latissimus dorsi
Arm — anterior
Biceps brachii
Wrist flexors
Arm — posterior
Triceps brachii
Wrist extensors
Trunk

Abdominals
© Rectus abdominis
© Obliques

Erector spinae

Pelvis —
anterior/medial/posterior

Sartorius

Adductors

Gluteus maximus

Leg — anterior

Quadriceps

© Rectus femoris

© Vastus lateralis

© Vastus intermedius
© Vastus medialis

Tibialis anterior
Leg — posterior

Hamstrings

© Biceps femoris

© Semitendinosus

© Semimembranosus

Gastrocnemius

Soleus

Action

Shoulder abduction
Shoulder flexion
Shoulder extension

Shoulder flexion

Shoulder abduction

Scapula elevation

Shoulder adduction

Elbow flexion

Wrist flexion

Elbow extension

Wrist extension

Trunk flexion
Trunk flexion
Trunk rotation

Trunk extension
Trunk rotation

Hip flexion
Knee flexion

Hip adduction

Hip extension
Hip abduction

Hip flexion

Knee extension
Knee extension
Knee extension

Dorsi flexion

All three muscles —

hip extension and knee

flexion
Plantar flexion

Plantar flexion

Example

Bowling in cricket

Tennis forehand

Boxing punch

Shoulder shrug

Butterfly stroke in swimming

Pullup

Wrist curl

Throwing a javelin

Squash backhand

Situp

Gymnastics backflip

Breaststroke kick

Riding a horse

Running

Kicking/cycling
Jumping
Rock climbing

Freestyle kick

Running

Callf raises

Ballet — toe point
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3-1 The muscular system: functions, types and major muscle groups

° TEST your understanding
' 1 Form a small group. Together, look closely at the image on page 32 at the start :
of this chapter and then: :
(@ make a list of the bones, muscles, joints and joint actions responsible for
movement
(b) explain how movement can occur using the musculoskeletal system.
2 Outline the three functions of the muscular system.
3 Name and describe the three types of muscle and identify if they are under
voluntary or involuntary control.
4 Download the muscle chart from your eBookPLUS. Label the major muscles in
the body.
5 List the major muscles of the following muscle groups:
(@) hamstrings
(b) quadriceps
(c) abdominals.

Digital document

Muscle chart i APPLY your understanding
Searchlight ID: doc-1101 6 Practical activity: movements and muscles
i Complete the actions listed in the table below to determine the muscle
responsible.

Movement created Muscle responsible

Trunk flexion
Shoulder adduction
Elbow extension
Hip flexion
Shoulder elevation
Trunk extension
Ankle (dorsi) flexion
Knee flexion

Hip adduction

7 Practical activity: muscles creating movement
With a partner, complete each movement/skill to determine the muscle involved.
(a) wide-grip pushup (floor to straight arms)
(b) situp
(c) tennis serve
(d) kicking a football
(e) forward swing in baseball batting
8 Practical activity: investigating the action of major muscles
With a partner complete the following activities and record your results.
(@ Jump upwards with a 60-centimetre take-off. What action occurs at the
ankle joint?
(b) Perform abduction of your arm. What is the major muscle moving your arm?
(c) Complete ten situps. What muscles work hard during this action?
(d) Perform horizontal flexion of your arms. What happens to your scapula?
(
(
(

e) Bend your elbow. What is the major moving muscle?
f) Extend your elbow. What is the major moving muscle?
g) Kick a ball. What action is performed by the quadriceps?
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3 The muscular system: features, arrangement and
N

microscopic structure

in particular, movements that they make and force they can generate. It is important
to understand the microscopic structure of skeletal muscle and how these structures
assist with creating movement.

° KEY CONCEPT Skeletal muscles all have features that distinguish what they can do;

Common features of muscles

Most muscles have certain common features:
© Nervous control — nerve stimuli control muscle action.
© Contractility — muscles contract and become thicker.
© Extensibility — muscles have the capacity to stretch when a force is applied.
© Elasticity — muscles can return to their original size and shape once stretched.
© Atrophy — muscles can decrease in size (waste) as a result of injury, illness or

lack of exercise. study[] I
© Hypertrophy — muscles can increase in size (growth) with an increase in activity.

| unit1 g

Muscle fibre
arrangement

Muscle fibre arrangement Concept
summary

Muscle fibres are organised in different ways according to the shape (or arrangement) and and practice
function of the muscles (figure 3.5). The main arrangements of major skeletal muscles Concept 2 _gUIESIRYS
used in physical activity include fusiform, pennate and radiate muscles.

Deltoid Pectoralis major

Multipennate
Radiate

Extensor digitorum

Biceps brachii (posterior view)

—— To origin ——

Parallel
fusiform
(e.g. biceps Belly

brachii) Unipennate

—— To insertion ——————>

Rectus femoris

FIGURE 3.5 Skeletal muscle fibre arrangement
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study[]])

1

Structure
of skeletal

i
summary

and practice

questions

FIGURE 3.6 The muscle belly in

cross-section

Fusiform muscles

Fusiform muscle fibres run the length of the muscle belly. They are designed for
mobility because they produce contractions over a large range, yet they produce low
force (e.g. sartorius and biceps).

Pennate muscles

Pennate muscle fibres run at angles to the tendons. These muscles do not provide

as much mobility as do fusiform muscles because they are designed for strength and

power. There are three categories of pennate muscles:

© unipennate muscles — fibres are only found on one side of a central tendon (e.g.
the semimembranosus in the hamstrings and the tibialis anterior)

© bipennate muscles — fibres run off either side of a central tendon (e.g. the rectus
femoris in the quadriceps)

© multipennate muscles — fibres branch out from several tendons (e.g. the deltoid).
This arrangement enables the body to generate the greatest force.

Radiate muscles

Radiate muscle fibres radiate from the main tendon. These muscles are a compromise
between fusiform and pennate muscles because they are capable of producing strength
and power while retaining their mobility (e.g. the pectoralis major).

Structure of skeletal muscles

Skeletal muscle is covered with a layer of connective tissue called the epimysium. The
epimysium thickens as it reaches the ends of the muscle to form tendons that usually
attach to bone.

Skeletal muscle consists of thousands of muscle fibres that run the length of the
muscle and are arranged in bundles called fasciculi. (A single bundle is called a
fasciculus.) Each individual muscle fibre is surrounded by connective tissue called the
endomysium, which binds the fibres together to form the bundles. The fasciculi are
surrounded by a layer of connective tissue called the perimysium, which helps bind
the fasciculi together (figure 3.6).

Tendon —

Endomysium: connective
tissue that binds fibres
together to form bundles

Muscle fibre

Epimysium: layer of connective
tissue that thickens to form
tendons at ends of muscle

Perimysium: connective
tissue that surrounds
the fasciculi

Tendon —»

Fasciculus: bundle of

muscle fibres
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The muscle fibre

Each muscle fibre is surrounded by a cell membrane called the sarcolemma.
Underlying the sarcolemma is a gel-like fluid called sarcoplasm. This fluid contains:
© mitochondria, which are the site of aerobic energy production
© myoglobin, which carries oxygen to the mitochondria
O fat, carbohydrate and protein (energy nutrients)
© adenosine triphosphate (an immediate energy source)
© enzymes, which are chemicals that speed up energy production
© actin and myosin myofilaments (contractile proteins).

Each muscle fibre is made up of long strands called myofibrils. Each myofibril
consists of many individual units, called sarcomeres, which are responsible for
contracting the muscle.

Sarcomeres

A sarcomere is a contractile unit, and each one is designated by a line at either end A sarcomere is the smallest
called a Z line. Each sarcomere consists of two protein myofilaments called actin and  unit of muscle contraction.
myosin. Actin is a thin filament that attaches to the Z line. Myosin is a thick filament
situated between each of the actin filaments. Figure 3.7 illustrates the several bands
and zones that help define the sarcomere:
© the I band, where only actin is found
© the A band, where both actin and myosin are found. It equates with the length of
the myosin filaments.
© the H zone, where only myosin is found. It is the gap between the ends of
the actin.

| band A band

Myofibril

Muscle fibre -

'

Sarcomere
SN
r S
Z Iilne H zone Zline

Thin (actin) filament

FIGURE 3.7 Arrangement of
Cross bridges sarcomeres within the muscle fibre
The myosin filaments have cross bridges (oar-like structures) that are attracted to the
actin filaments (figure 3.7).
O At rest, there is little contact between the actin and the myosin.
© When a nerve impulse arrives at the neuromuscular junction, calcium is released.
O In the presence of calcium, the myosin filaments can now attach to the actin.
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© The breakdown of ATP enables the cross bridges to attach to the actin filaments
and pull them into the centre of the sarcomere in a ‘rowing’ action (figure 3.8)
and the sarcomere contracts.

© The cross bridges continue to detach and reattach themselves from the actin
filaments, shortening the sarcomere.

© The structural rearrangement of actin and myosin filaments change whereby
Z lines move closer together, the I band reduces in width, the A band remains the
same length and the H zone may disappear.

© Every sarcomere along the muscle fibre shortens, leading the whole muscle to
contract.

© The muscle will relax when the actin and myosin filaments lose contact with each
other — that is, when the cross bridges detach from the actin.

Relaxed muscle:

2 sarcomeres
|

I H zone | band A band I

Z lines Myosin filaments Actin filaments

Partially contracted muscle:

Z lines Actin filaments

Myosin filaments
Fully contracted muscle:
Z lines

Actin filaments

Myosin filaments

FIGURE 3.8 Structural rearrangement of actin and myosin filaments at rest and during
contraction

Source: Adapted from Powers S & Howley, E 2004, Theory and application to fitness and performance, 5th edn,
© McGraw-Hill Companies, Inc. and IvyRose Ltd, 2005, www.lvyRose.co.uk.

Muscle tone

Not all the myosin filaments detach themselves from the actin. Some may stay in
contact, so the muscle is never completely relaxed — the muscle is then said to have
‘tone’. The advantage of muscle tone is that the actin and myosin are already partly
connected, so they can be activated quickly when a muscle contraction is ready to
occur. It also helps us to maintain good posture and look good!
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TEST your understanding

1 Outline the main features of all muscles.

2 The deltoid is an example of a muscle that displays a multipennate fibre
arrangement. Explain why multipennate muscles produce greater force
than fusiform muscles.

3 Name the two protein myofilaments, and identify where they are found and
which filament attaches to the cross bridges.

4 Explain muscle tone and the advantage of having it.

5 Explain what happens to the following structures in a sarcomere during a
muscle contraction. Draw a picture to illustrate your explanation.

(@) Zlines (c) I'band
(o) A band (d) Hzone

APPLY your understanding
6 Practical activity: participate in a weight-training session
For each exercise you complete in your weight-training session, identify:
© the muscle being used
© the muscle fibre arrangement of that muscle
© the action performed by that muscle.
Write your results in a table similar to the one shown below.

Muscle fibre
Exercise Muscle arrangement Action

Bicep curl Bicep Fusiform Flexion
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3 The muscular system: initiation of muscular activity,
u

action and control

KEY CONCEPT Muscles create movement by pulling on the bones to which they
attach. In order to do this, messages are sent from the brain to the muscles to initiate
movement. Muscles work in pairs to produce coordinated movements.

Nervous control of muscles:
initiation of muscular activity

© To enable conscious control of muscles, the brain must
send electrical nervous messages to the muscle.

© These messages or signals travel down the spinal cord
to the motor nerves that branch from the spinal cord to
the relevant muscles.

O Leaving the spinal cord, the motor nerve separates into
smaller motor neurons that then divide a number of

Spinal cord times to attach to individual muscle.

Interactivity
Nervous control of muscles

Searchlight ID: int-6624 (2] © Where the nerves meet the muscle fibres, there is a gap
) (called a neuromuscular junction or the synaptic cleft)
across which the nerve impulse has to travel.
Motor nerve

© A neurotransmitter, which is a chemical compound called
acetylcholine, helps the nerve impulse make this jump.

© The muscle will continue to contract for as long as the
brain sends messages and the relevant energy sources
last (figure 3.9).

Motor neurons

Motor units

The number of fibres within each motor unit varies according
to the precision of the movement required. Generally,
muscles (such as those in your hand) that perform precise,
controlled movements such as writing, typing or throwing
darts have small motor units, where one motor neuron may
be responsible for stimulating only a few fibres. Muscles such
as the quadriceps that perform gross movements such as
running or kicking a ball have large motor units, where one
motor neuron may stimulate thousands of fibres (figure 3.10).

Neuromuscular
junction

Motor unit

Stages of nervous control of muscle action

0 Brain initiates message.

e Nervous impulse branches from spinal cord to motor nerve.

e Message passes into motor neurons. Cell body of

o Message branches off to arrive at all muscle fibres controlled by nEUronis
that nerve; travels across gap at neuromuscular junction (aided
by acetylcholine) and all connected muscle fibres contract.

FIGURE 3.9 Nervous control of
muscular movement

Spinal cord

Motor endplate
A N RS I P N of neuron B

A motor unit consists of

one motor neuron and the
muscle fibre it stimulates.
(Each neuron may stimulate a

number of muscle fiores.) FIGURE 3.10 Two motor units.

Neuron A stimulates three muscle fibres,
while neuron B stimulates only two.
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Henneman principle (size principle)
The Henneman principle, which is also known as the size principle, states that the
recruitment of motor units within a skeletal muscle commences with small motor
units to large motor units. Small motor units are recruited first at low muscle forces,
for example walking. An increase in muscle force, from walking to sprinting, leads to
an increase of larger motor units.
Characteristics of small motor units are:
O slow contracting
© easily excitable and recruited
©O fatigue resistant
© utilised for prolonged activities (walking, posture control).
Characteristics of large motor units are:
©O fast contracting
O less easily excitable and recruited
© rapidly fatigable
o utilised for high force activities (sprinting, hitting, jumping).

Motor unit activation and force production

Each persons muscle strength reflects their ability to produce force to overcome a
load or to produce a movement. The development of muscle force is dependent on a
number of factors:

© number and type of motor units activated

O size of the muscle

© initial length of muscle that is being activated

© angle of the joint

© the muscle’s speed of action.

More force can be generated with more motor units activated. Fast-twitch (FT) motor
units produce more force due to each FT motor unit having a larger cell body and
more axons and innervates from 300 to 800 muscle fibres. Conversely, a slow-twitch
motor unit has a small cell body and innervates from 10 to 180 muscle fibres. Large
muscles have more muscle fibres so can produce more force than smaller muscles.

Strength of muscular contraction

Skeletal muscles can generate a range of contractions varying from strong maximal
contractions to complete relaxation. However, for a contraction to occur, there must
be a strong enough nerve impulse to innervate (stimulate) the muscle fibres.

The ‘all or nothing’ principle

The ‘all or nothing’ principle states that the nerve impulse will not stimulate the muscle
fibres until it reaches a certain threshold level. Once the nerve impulse reaches this
threshold, all fibres of the motor unit will contract at the same time and maximally.
If the impulse is too weak, no fibres will contract at all. However, the intensity of
muscular contractions can vary in two ways.
© By varying the number of motor units stimulated. Not all the motor units within a
muscle need to be recruited at one time for a muscle contraction. If you require a
large degree of strength (e.g. lifting a heavy weight), then more nerve impulses are
sent, activating more motor units and therefore contracting more muscle fibres.
If you require a minimal degree of strength (e.g. putting a golf ball), then fewer
impulses are sent, contracting fewer fibres.
O By varying the frequency at which the impulses arrive at the motor unit. The
greater the frequency of nerve impulses, the greater the contractions in the
muscle. If you require a large degree of strength (e.g. for performing a vertical
jump), then impulses will be sent at a faster rate to the muscles involved.

The size (Henneman)
principle states that the
recruitment of motor units in
skeletal muscles starts with small
motor units to large motor units.

study [T

Initiation
of muscle
activity
Concept
summary
and practice
questions

Concept 4

The ‘all or nothing’ principle
states that if the nerve impulse
meets a certain threshold,
maximal action occurs in the
muscle fibre. If the stimulation is
less than threshold, no muscle
action occurs in the muscle fibre.
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The origin is the fixed point of
attachment that is closer (or
proximal) to the body’s midline.

The insertion is usually attached
to the bone that moves most when
the muscle contracts. It is further
(or distal) from the body’s midline.

Muscle action
and control
Concept
summary

and practice
questions

Skeletal muscle action and control

Muscle action

Skeletal muscles create movement by pulling on the bones to which they are attached.

They have a more rigid attachment to a bone at one end, and they are attached across

a joint to another bone that is usually more moveable.

Muscle origin

© The muscle’s point of attachment to the more stationary bone is called the origin
(or the fixed end) and tends to be closer (or more proximal) to the main mass
of the body. The origin of a muscle is often quite widespread because it helps
‘anchor’ the muscle.

Muscle insertion

© The muscle’s more moveable point of attachment is called the insertion (the
moving end) and tends to be located away (or more distal) from the mass of
the body. It usually attaches to the bone near the joint that is to be moved by
the muscle, and adheres in most cases by means of a strong non-elastic tendon
(figure 3.11).

Muscle contraction

© When a muscle contracts, the origin and insertion are drawn together, shortening
the muscle. The bones attached to the muscle produce movement in a specific
direction. This movement is called the muscle’s action. For example, the action
of raising your arm by your side (abduction) is caused by the contraction of the
deltoid muscle, where the insertion of the muscle at the humerus moves towards
the muscle’s origin at the scapula.

The origin of the triceps
is at the shoulder. It is
attached to the scapula
and the humerus.

The origin of the biceps
is at the shoulder. It is
attached to the scapula.

Scapula

Radius

Humerus

The insertion of the triceps
is at the forearm. It is
attached to the ulna, one
of the bones in the forearm.

The insertion of the biceps
is at the forearm. It is
attached to the radius, one
of the bones in the forearm.

FIGURE 3.11 Skeletal muscles — insertions and origins
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Muscle control

Skeletal muscles work in pairs or groups to produce movement — that is, as a
muscle contracts on the front side of the body (anterior), usually the muscles at the
back (posterior) with the opposite action relax. For example, when the quadriceps
muscle group (anterior) contracts to kick a football or to push from the ground when
acceleration is required during a team game, the hamstrings muscle group (posterior)
must relax or stretch.
During a particular movement, a muscle performs one of the following four roles:
© agonist (or prime mover). This muscle causes the major action. There is
usually more than one prime mover in a joint action, and there are prime mover
muscles for all moveable joints.
© antagonist. This muscle must relax and lengthen to allow a movement to occur.
It causes an opposite action to that caused by the agonist. Generally, muscle
flexors and extensors work in an agonist—antagonist relationship. For example,
when a person bends their elbow, the flexor (biceps) is the agonist while the
extensor (triceps) is the antagonist. These roles can be reversed. For example,
when a person straightens their elbow (as when serving in tennis), the extensor
(triceps) is the agonist while the flexor (biceps) is the antagonist. This pairing
of actions can also be seen with other movements such as adduction and
abduction.
© synergist (or assistant). This muscle assists the agonist to produce the required
movement to reduce any excessive or unnecessary movements. During
elbow flexion, for example, the biceps is the agonist and it is assisted by the
brachialis and brachioradialis.
© stabiliser (or fixator). These muscles ensure that the joint remains stable
while the agonist and antagonists are working. The muscle will shorten
just slightly during contraction, causing only minimal movement to allow
the action to be performed more effectively. When someone shoots a goal
in netball, for example, the abdominals and the erector spinae muscles
contract to stabilise the body and to enable the arms and shoulders to perform
the skill.

Coordinated movement

The process of the agonist muscle contracting and its opposing muscle, the
antagonist, relaxing is called reciprocal inhibition (figure 3.12). Efficient movement
involves a process of give and take on each side of the joint. When you perform major
movements such as kicking a soccer ball, a coordinated sequence of these muscle
actions must occur. This depends on the nervous system, because the muscles need
to be stimulated to contract in the proper sequence with exact timing and with the
most appropriate degree of force to provide a smooth, controlled movement. This
is why beginners at a task often appear jerky — for example, either overhitting or
underhitting a ball.

Weblink
How muscles work

Interactivity
Muscle control roles
Searchlight ID: int-6625

The agonist is the muscle
that causes the major
action (prime mover).

The antagonist is the muscle
that relaxes and lengthens to
allow movement to occur.

Interactivity

Muscle action: agonist and
antagonist

Searchlight ID: int-6627

The synergist is the muscle that
assists the agonist to produce
the required movement.

The stabiliser is the group of
muscles that ensure that the joint
remains stable during movement.

Reciprocal inhibition is

the process of one muscle
contracting (agonist) while the
other muscle relaxes (antagonist)
to create movement.
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Biceps
(contracted) — agonist

Biceps
(relaxed) — antagonist

Interactivity
Flexion and extension
Searchlight ID: int-6626

Triceps
(relaxed) — antagonist

Radius

Triceps
(contracted) — agonist Insertion
FIGURE 3.12 Reciprocal
inhibition: when one muscle is Ulna
contracting, the opposite muscle
in the pair is relaxing.

Elbow extension Elbow flexion

o TEST your understanding h) a half squat in weight training

1 Describe how a nervous impulse moves from the brain
to a muscle site to initiate a movement.

2 Define the term motor unit. Discuss the differences in
amount of fibres of each motor unit.

3 Describe the following principles:
(@) ‘all or nothing’ principle
(b) Henneman (size) principle.

4 Explain the difference between origin and
insertion. Provide an example.

5 Define the following terms:
(@) agonist
(b) antagonist
(c) synergist
(d) stabiliser.

6 Explain the process of reciprocal inhibition. Provide an
example of a muscle pair that clearly demonstrates
this process.

APPLY your understanding

7 Practical activity: reciprocal inhibition with
movements
In pairs, conduct each movement and state the agonist
and antagonist muscle in each exercise.
(@) apushup

(b) a chinup with hands facing towards you

(c) a chinup with hands facing away from you

(d) a biceps curl in weight training

(e) a bench press in weight training

(f) aleg extension in weight training

(9) an upright row in weight training
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accelerating from the blocks in an athletic sprint

i)

)

k) a forehand in tennis

I} shooting for goal in netball

m) a hockey penalty stroke

moving from standing to sitting

throwing a cricket ball from the boundary

to the ‘keeper’.

Practical activity: action muscles in sport

Participate in a sport or recreational activity of

your choice.

(a) List four different body movements used in the
activity.

(b) Sketch each movement. These may be your
best artwork or simple but clear stick figures. Use one
A4 page for each drawing.

(c) Identify the agonist muscles and the
antagonist muscles for each movement.

Practical activity: free weights

(@) Working in pairs, select five exercises from the
following list of free weight exercises: calf raise, leg
curl, leg extension, squat, situp, lat pulldown, bench
press, bicep curl, tricep extension.

(b) For each exercise you need to:

(i) identify one joint that is moving

(i) identify the movement that is occurring at the joint
in the first stage of the movement

(iii) identify the agonist muscle contracting

(iv) identify the antagonist muscle (opposing muscle
that is relaxing).

(
(
(j) the full rowing movement when rowing
(
(
(

n

(
(¢

- =



3.

contractions

The muscular system: muscle fibre types and muscular

>

KEY CONCEPT Muscles consist of slow-twitch and fast-twitch fibres. These fibres
are suited to certain types of physical activity and assist with an athlete’s capacity

to create forceful or sustained muscle contractions. Muscular contractions can be

concentric, eccentric, isoinertial, isokinetic or isometric.

Muscle fibre types

There are two distinct types of muscle fibres within the body’s muscular system: fast-
twitch fibres, and slow-twitch fibres. The relative proportions of these fibre types are
genetically determined, but on average most muscles contain about 50 per cent of
each fibre type (i.e. 50 per cent fast-twitch and 50 per cent slow-twitch). Each fibre is
better suited to a different intensity of physical activity.

Fast-twitch fibres can be further categorised into two types on the basis of various
structural and functional characteristics, so that skeletal muscle fibres can now be
classified into three types (table 3.2):

O type 1 slow-twitch oxidative fibres
© type 2A fast-twitch oxidative fibres
O type 2B fast-twitch glycolytic fibres.

Type 1 muscle fibres

Characteristics of type 1 muscle fibres:

O slow-twitch oxidative

© contain large amounts of myoglobin, and large numbers of mitochondria and
blood capillaries

© red, split ATP (adenosine triphosphate, the basic source of energy for muscle cell
metabolism and movement) at a slow rate and have a slow contraction velocity

© are very resistant to fatigue, and have a high capacity to generate ATP by oxidative
metabolic processes

© are suited to low-intensity, longer duration, aerobic work.

Athletes who have a larger proportion of slow-twitch fibres are suited to events such

as marathons, triathlons, long-distance cycling and cross-country skiing.

Type 2A muscle fibres

Characteristics of type 2A muscle fibres:

O fast-twitch oxidative

© contain an large amount of myoglobin, and large numbers of mitochondria and
blood capillaries

© pinkish in colour and have a very high capacity for generating ATP by oxidative
metabolic processes

© split ATP at a very rapid rate, have a fast contraction velocity

© are relatively resistant to fatigue

O are classed as partially aerobic and are suited to events that require both aerobic
and anaerobic elements.

Athletes who have a larger portion of type 2A fast-twitch fibres are suited to events

such as middle-distance running and swimming.

Type 2B muscle fibres

Characteristics of type 2B muscle fibres:

© fast-twitch glycolytic

© contain a low myoglobin content, relatively few mitochondria and blood
capillaries, and large amounts of glycogen

© white and are geared to generate ATP by anaerobic metabolic processes

FIGURE 3.13 Female body
builders develop their fast-twitch
muscle fibres to a high degree.

| study(p |
m Muscle fibre
types

Concept
summary
and practice
questions

Concept 6
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Interactivity
Characteristics of fast- and
slow-twitch muscle fibres
Searchlight ID: int-6628

FIGURE 3.14 Rohan Dennis, time
trial winner of the 2015 Tour de
France and hour-record holder at
the Velodrome Suisse, has a high
percentage of slow-twitch fibres in
his leg muscles. These help him to
excel in endurance events.

o fatigue easily

© split ATP at a fast rate, and have a fast contraction velocity

© suited to high-intensity, short-duration, anaerobic work.

Athletes who have a larger proportion of type 2B fast-twitch fibres are suited to events
that require explosiveness such as sprinting, throwing and weight-lifting.

TABLE 3.2 Characteristics of fast- and slow-twitch muscle fibres

Characteristic Slow-twitch  Fast-twitch oxidative Fast-twitch glycol

Also known as Type 1 Type 2A Type 2B

Colour Red Pinkish White

Used for Aerobic Anaerobic (long-term) Anaerobic (short-term)

Fibre size Small Medium Large

Motor neuron size Small Large Very large

Resistance to fatigue High Medium Low

Force production Low Medium High

Speed of contraction Slow Fast Very fast

Hypertrophy potential Low High High

Mitochondrial density High High Low

Capillary density High High Low

Myoglobin content High High Low

Oxidative capacity High Medium Low

Glycolytic capacity Low High High

Major fuel Triglycerides  Creatine Creatine
phosphate/glycogen phosphate/glycogen
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Types of muscular contraction

Muscle contractions are classified according to the movement they cause:
© dynamic — mechanical work is performed and joint movement is produced
© static — no mechanical work is performed and joint position is maintained.
There are five types of muscular contraction classified under the dynamic and static
categories:
© Dynamic — concentric, eccentric, isoinertial and isokinetic
© Static — isometric.

Muscle
contracts
(concentric
contraction)

R ——

Movement

Muscle
elongates
(eccentric
contraction)

Movement

Muscle
contracts
(isometric
contraction)

No movement

Dynamic work

Concentric contraction

Concentric contraction is when muscles develop sufficient tension to overcome the
resistance of the body segment, the muscle length shortens and causes joint movement
to create the contraction (concentric contraction) — for example, the biceps curl
where the bicep muscle shortens to lift the dumbbell from the straight arm position.

|

study[1])

J

Types of
muscular
contraction
Concept
summary
and practice
questions

Topic 3
Concept 7

FIGURE 3.15 For flexion at the
elbow, the weight of the dumbbell
must be overcome (isoinertial),
the biceps contracts (concentric)
while the triceps stretches. For
extension at the elbow, the
triceps contracts while the biceps
stretches (eccentric). When

the weight is held, the muscles
generate force and the length of
the muscle (isometric) remains
the same.

Concentric contraction is when
the muscle length shortens as
the force is being produced.
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Eccentric contraction is when
the muscle length lengthens as
the force is being produced.

Isokinetic contraction is when
force created by the muscle is

maximal for all angles of the joint
movement via use of a machine.

Isoinertial contraction is a type
of dynamic muscle work where
the muscle length can shorten,
lengthen or remain the same as
the resistance remains constant.

Isometric contraction is when
force is developed but there is no

change in the length of the muscle.

Eccentric contraction

Eccentric contraction occurs when the muscle lengthens while the force is developed
to decelerate the motion of a joint. This occurs in activities that resist gravity, and it will
slow the limb or trunk movement to allow for controlled movement of the joint/s — for
example, lowering the body during a situp, lowering the body during a squat or even
gently setting down an object. The process is similar to a drawbridge, where the bridge
must be lowered in control while working against the effect of gravity.

Isokinetic contraction

An isokinetic contraction allows the performer to work at a constant angular
velocity against a weight or resistance that changes as the performer moves through
the working muscles possible range of movement (figure 3.17). Hence the velocity
of the contracting muscle is constant so the muscle contracts concentrically and
eccentrically with different directions of joint motion. These contractions are only
possible with the use of expensive, specialised equipment. The amount of force
applied by these machines always equals the amount of force applied by the muscle,
so it is possible to develop strength through a muscle’s entire range of motion. Thus
isokinetic contractions are considered to be the most effective way to develop strength
and endurance.

Isoinertial contraction

An isoinertial contraction is a type of dynamic muscle work where the resistance
against which the muscle must contract remains constant. For example, when
lifting the weight in a bicep curl, at the start of the exercise, the weight of the
dumbbell must be overcome. Initially the involved muscles contract isometrically in
order to produce enough tension to begin to overcome the load of the dumbbell.
As soon as the force produced by the muscle is greater than the resistance,
then the muscle contracts concentrically, and causes acceleration of the bicep curl
exercise.

Static work

Isometric contraction

An isometric contraction produces the most amount of force of any type of muscular
contraction, and therefore causes the muscle to tire more quickly. The muscle generates
a force, but the muscle length remains unchanged. Many sports rely on performers
using isometric contractions (figure 3.16). Examples include the rugby scrum, rock
climbing, amateur wrestling holds, the position out on the trapeze in sailing, and the
grip on a playing stick or racquet.

FIGURE 3.16 Isometric muscle contractions are important in many sports.
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TEST your understanding

1 Outline the differences between the three types of muscle fibres.
2 Download and view the table of muscle fibre types in your eBookPLUS.

Complete this table.

3 Name and describe the five types of muscle contraction. Provide an example of

each.

4 Consider the following sports and decide, giving reasons, whether fast-twitch
fibres, slow-twitch fibres or a combination of both would be more important in

them:

(a) weight-lifting

(b) athletics, a long jumper
(c) Tour de France

(d) athletics, a decathlete
(e) soccer, a goal-keeper
(f) tennis

APPLY your understanding

) hockey, inside right

) sprint cycling

) netball, wing attack

) basketball, centre

) AFL, centre half forward
I) water polo.

5 Practical activity: muscle movements
Work in a group of three to undertake the following tasks. Demonstrate the

movements to the class.

(a) Demonstrate three examples of how concentric and eccentric movements are
used in sport. Outline the major muscle group(s) performing the contraction
in each example, and nominate whether the contraction is eccentric or

concentric.

(b) Demonstrate three examples of how isometric movements are used in sport.
QOutline the major muscle group(s) performing the contraction in each example.
6 Practical activity: muscle contractions in volleyball
Play a game of volleyball. Identify two activities in the game that involve

performing the following contractions:

(a) isometric contractions
(b) concentric contractions
(c) eccentric contractions
(d) isoinertial contractions.

FIGURE 3.17 A Biodex machine
allows the quadriceps muscle
group to be both assessed and
trained through its full range of
motion.

Digital document
Muscle fibre types
Searchlight ID: doc-1102
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CHAPTER 3 REVISION

© yellow identify the action
word

© pink key terminology
© blue key concepts

© light grey marks/marking
scheme

STRATEGIES TO DECODE
THE QUESTION

© Identify the action words:
State — to state the main
points using precise terms
Describe — provide a
detailed account of

© Key terminology: type,
muscle contraction,
hamstring, flexion, agonist,
extending

© Key concept: muscle
contraction — understanding
how muscle contraction
occurs and the types of
muscle contractions

© Marking scheme: 5 marks
— always check marking
scheme for the depth of
response required, linking to
key information highlighted in
the question.

HOW THE MARKS
ARE AWARDED

© 1 mark: stating the correct
muscle contraction type

© 1 mark: stating the correct
agonist muscle group to
extend the knee

© 1 mark: stating that the
agonist is the prime mover for
flexion of the knee joint

© 1 mark: stating the antagonist
allows flexion by relaxing and
lengthening the muscle group

© 1 mark: reference to the
correct muscle groups
hamstrings (agonist) and
quadriceps (antagonist) and
using correct terminology

KEY SKILLS

© Use and apply correct anatomical terminology to the working of the musculoskeletal
system in producing human movement

© Perform, observe and analyse a variety of movements used in physical activity, sport
and exercise to explain the interaction between bones, muscles, joints and joint actions
responsible for movement

© Describe the role of agonists, antagonists and stabilisers in movement

© Describe the relationship between motor unit recruitment, activation and force production

UNDERSTANDING THE KEY SKILLS

To address these key skills, it is important to remember the following:

© correct anatomical names for the major muscles and muscle fibres in the body

© understand how muscle contraction works and the link with motor unit recruitment

© understand and identify the various types of muscle contractions and the roles of agonists,
antagonists and stabilisers.

PRACTICE QUESTION

The above picture depicts a physiotherapist measuring the angle of movement during flexion

of the left leg at the knee joint.

a. State what type of muscle contraction is occurring in the hamstring muscle group during
flexion of the knee. (1 mark)

b. State the agonist muscle group which is mainly responsible for extending the knee.
(1 mark)

c. Describe the role of the agonist and antagonist during flexion of the knee. Your response
must refer to the muscle groups. (3 marks)

Sample response

a. Concentric muscle contraction

b. Quadriceps muscle group is the agonist muscle responsible for extending the knee.

c. During flexion of the knee, the hamstrings are the agonist (prime mover) muscle group that
contract and enable flexion of the knee joint. The quadriceps act as the antagonist muscle
group by relaxing and lengthening to allow flexion of the knee joint.

PRACTISE THE KEY SKILLS

1 Discuss the differences between the characteristics of slow-twitch and fast-twitch muscle
fibres.

2 Explain how skeletal muscles must work in pairs to produce movement.

3 State the muscles and anatomical movement to produce the body movement of jumping.
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KEY SKILLS EXAM PRACTICE
1 (© ACHPER 2015, from the written exam paper, 2015, Q15)

20 Changes to elements of a sarcomere during contraction

60 M Phase A

M Phase B
50 4

40
30
20 H

Element width (um)

10 H

0

H-zone I-band A-band
Source: Ballarat and Clarendon College.

a. In terms of muscular contraction, describe what is happening during Phase B. 4 marks

b. i. Describe the advantage of a pennate muscle arrangement compared to a fusiform
muscle arrangement. 1 mark

ii. Provide an example of a multipennate muscle. 1 mark

c. Explain why muscle fibres don’t simply contract at 50 per cent of their maximum in order
to alter the strength of a contraction. 3 marks

CHAPTER REVIEW

CHAPTER SUMMARY

Muscular system

© The muscular system has three main functions:
— to allow movement
— to maintain adequate posture
— to maintain essential bodily functions.

© The three types of muscle are smooth (involuntary), cardiac (involuntary) and skeletal
(voluntary).

© Muscles are usually named from their various characteristics or locations.

© Muscle fibres are organised in different ways according to the shape (or arrangement) and
function of the muscles. The main arrangements of major skeletal muscles used in physical
activity are fusiform, pennate and radiate muscles.

© Skeletal muscle consists of thousands of muscle fibres that run the length of the muscle.
Each muscle fibre is made up of myofibrils. Each myofibril consists of many individual
units, called sarcomeres, which contain actin and myosin and are responsible for
contracting the muscle.

© Messages are sent from the brain to the muscles to initiate movement. A motor unit
consists of the motor neuron plus the muscle fibres it stimulates.

CHAPTER 3 ¢ Structure and functions of the muscular system
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© Skeletal muscles create movement by pulling on the bones to which they are attached.
During a particular movement, a muscle performs one of four roles: agonist (prime mover),
antagonist (relaxing muscle), synergist or stabiliser.

© The process of the agonist muscle contracting and its opposing muscle, the antagonist,
relaxing is called reciprocal inhibition.

© There are two different categories of muscle fibre:
— fast-twitch fibres
— slow-twitch fibres.

© Muscle contractions are classified according to the movement they cause, dynamic or
static. The five types are concentric, eccentric, isoinertial, isokinetic and isometric.

MULTIPLE CHOICE QUESTIONS

1 Muscles move bones by
(A) lengthening.
(B) pulling.
(C) pushing.
(D) shortening.
2 Each myofibril is made up of tiny units called
(A) myofilaments.
(B) myosin.
(C) actin.
(D) sarcomeres.
3 The muscles mainly responsible for making movements are known as
(A) agonists.
(B) stabilisers.
(C) antagonists.
(D) fixators.
4 The paired movement of a muscle is called
(A) agonist.
(B) reciprocal inhibition.
(C) antagonist.
(D) all or nothing.

5 The muscle fibres responsible for explosive movements are called
study(T]) (A) explosive twitch.

(B) fast-twitch oxidative.

(C) slow-twitch.
:= St Tobic T (D) fast-twitch glycolytic.
it Topic Test 6 Pushing against an immoveable wall is an example of what type of muscular contraction?
(A) Concentric
(B) Isometric
(C) Eccentric
(D) Isoinertial
7 Muscles can be classified into three main groups:
(A) voluntary, involuntary and smooth.
(B) cardiac, voluntary and rough.
(C) skeletal, involuntary and smooth.
(D) smooth, cardiac and skeletal.
8 Muscle fibres that run at angles to the tendons are classified as
(A) radiate muscles.
(B) fusiform muscles.
(C) pennate muscles.
(D) elasticity muscles.
9 The major muscle involved in shoulder flexion is
(A) sartorius.
(B) serratus anterior.
(C) pectoralis major.

Interactivity
Structure and functions of the

) (D) soleus.
muscular. system ?U'Z 10 The cross bridges during muscle contractions continue to detach and reattach themselves
Searchlight ID: int-6629 from the

(A) myosin filaments.

(B) sarcomere filaments.
(C) actin filaments.

(D) muscle fibre filaments.
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EXAM QUESTIONS

Question 1

position shown.

Question 2

Question 3

eccentrically.

curl as an example.

Question 4

the muscle can be altered.

Question 5

reciprocal inhibition.

a. Which agonist muscle group is mainly responsible for raising the
athlete up from the floor to the position shown in the picture? 1 mark

b. Describe the type of muscle contraction required to hold the

Describe the differences between fast-twitch and slow-twitch muscles
when considering the amount of triglycerides they store. 2 marks

a. Describe the action of the elbow joint when the biceps contracts

b. Describe the process of reciprocal inhibition referring to the bicep

The “all or nothing’ principle states that when a muscle develops
tension, its fibres will either fully contract or will not contract at all.
Explain two ways in which the amount of tension developed in

(adapted from ACHPER Trial Exam 2015, question 4)

a. Discuss a similarity and difference within the agonist muscle during
the concentric and eccentric phase of the bicep curl. 2 marks

b. With reference to a chosen joint action, explain the concept of

1 mark

1 mark

2 marks

2 marks

3 marks
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INQUIRY QUESTION
What are the best methods
for an individual to prevent
injuries from occurring?




“2"  Acute and chronic injuries

and illnesses of the
musculoskeletal system

An inherent risk of participation in physical activity is injury to muscles
and bones. There are a number of ways that an athlete can minimise this
risk. Being physically fit, training appropriately for the activity and wearing
protective gear can all act to reduce the incidence of common injuries.

KEY KNOWLEDGE

© Causes of potential acute and chronic injuries and iliness associated with the muscular
and skeletal systems such as arthritis, osteoporosis and other musculoskeletal
conditions

© Physiological strategies to prevent musculoskeletal injuries such as physical preparation
of athletes, warm-ups and cool-downs

© The role of physical aids that support the musculoskeletal system such as protective
equipment, taping and braces

KEY SKILLS

© Examine a variety of causes of musculoskeletal injuries

© Describe and implement the correct application of techniques and physiological
strategies in a variety of sporting activities to maintain optimal functioning of the
musculoskeletal system

CHAPTER PREVIEW
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Prevention of

injuries
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Acute, aids strategies
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4-1 Classification and types of sports injuries

KEY CONCEPT Injuries can be classified as acute, chronic or overuse. The type of
injury sustained varies according to the cause of the injury. Injuries can affect hard or

soft tissue in the body.

A musculoskeletal injury is
any damage that occurs to the
structures of the muscular or
skeletal systems of the body.

Acute injury is an injury that

occurs quickly and for which pain

and loss of function is immediate.

Direct injury is caused
by external force.

Indirect injury is caused
by internal force.

- !

FIGURE 4.1 Examples of direct and indirect injuries

Australians are encouraged to be physically active for good health. Current guidelines
recommend that Australians be active on most, if not all, days of the week (see
chapter 11).

People who lead sedentary lifestyles and do not engage in sufficient physical activity
are at a greater risk of ill health and possible death from a range of chronic illnesses
and diseases. According to the Australian Institute of Health and Welfare (AITHW),
physical inactivity contributes to 13500 deaths each year in Australia. But as people
engage more in physical activity, sport and exercise, there is greater potential for them
to develop a musculoskeletal injury.

Injuries of the musculoskeletal system are a common occurrence during physical
activity. Sports injuries can occur via accidents, poor training practices, improper
equipment, clothing and footwear, as well as not being in the proper condition to
participate in the selected physical activity. Once an injury is sustained, it impacts on
the ability of the individual to effectively participate in sport or physical activity and
can lead to further damage if not treated properly.

All areas of the body are at risk of suffering an acute injury. Injuries are largely
preventable and a variety of measures can be taken to reduce this risk; these are
discussed in sections 4.3 and 4.4. If not treated correctly, such injuries may become
chronic or progress to a form of overuse injury.

Classification of injuries

Injuries can be classified into three types: acute, chronic and overuse.

An acute injury is one that occurs quickly and for which pain and loss of function
is immediate. Acute injuries are classified according to how the injury occurred; either
via a direct (external force) or indirect (internal force) mechanism.

T T g,
’._-l,‘ ‘.!
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Acute injuries can be further classified by the structure that is injured (e.g. bone,
ligament, muscle, joint) and the nature of the injury (e.g. fracture, sprain, strain). For
example, a netballer who changes direction suddenly may sprain their ankle.

TABLE 4.1 Types of acute injuries

Type of acute injury Caused by Possible mechanism
Direct External force Collisions between players Bruise
Direct contact with equipment Cork
Fracture
Cut
Indirect Internal force Overstretching connective tissue Sprain
Losing balance Strain
Tear

Specific examples of these injuries are presented in tables 4.2 and 4.3.

Chronic injuries tend to start out as acute in nature, and then recur as a result of
re-injury through a prolonged weakness or insufficient rehabilitation following the
previous injury. Recurring hamstring strains in AFL players are chronic injuries.

Overuse injuries are caused by excessive and repeated use of the same muscle, bone
or joint, and are usually diagnosed by the presence of inflammation and pain. These
injuries tend to be prolonged, taking a long time to recover (such as shin splints and
stress fractures). Around 80 per cent of all overuse injuries occur in the lower body.
Overuse injuries may occur via:

O Internal causes, e.g. muscle imbalance, anatomical problems such as poor
posture

O External causes, e.g. training errors, incorrect technique, or uneven surfaces or
hard running tracks.

(Overuse injuries are discussed further on page 63.)

Acute injuries: soft and hard tissue

Soft tissue injuries are the most common in sports and include any damage to skin,
muscles, tendons and ligaments.
O A tear occurs when connective

tissue — such as muscles, tendons and

ligaments — is excessively stretched or

ruptured. A tear can be either a:

strain: muscle or tendon, e.g. strained

hamstring

sprain: ligament, e.g. sprained ankle.

These injuries occur when the
connective tissue fibres cannot cope with
the stress being placed on them (e.g. when
a muscle contracts too quickly during the
sudden acceleration in a sprint take-off) or
when a joint is overextended (e.g. during
a side push on the knee during a football
tackle). Strains and sprains are classified
by the number of fibres torn and thus the
severity of the injury (figure 4.3).

FIGURE 4.2 Ankle sprain

Interactivity
Injury types and definitions
Searchlight ID: int-6630

Chronic injury is an injury
that recurs due to weakness
or insufficient rehabilitation.

Overuse injury is an injury caused
by excessive and repeated use of
the same muscle, bone or joint.
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4-1 Classification and types of sports injuries

Acute injuries
Concept
summary

and practice

Topic 4 )
= questions

W

Qstudyml

(a)

(b)

FIGURE 4.4 (a) A simple fracture
(b) A compound fracture

Chronic and
overuse
injuries
Concept
summary

and practice
questions

Topic 4

Grade 1: minimum
number of fibres
torn

Grade 2: significant
number of fibres
torn

Grade 3: complete
tear of all fibres
FIGURE 4.3 Grades of
tears for muscle strain

© A contusion (or bruise) is caused by bleeding into the soft tissue. This generally
results from a direct blow to the site via a collision with a player or piece of
equipment (e.g. being hit by a cricket ball) or from a heavy fall.

TABLE 4.2 Types of soft tissue injuries

Type of injury Structure injured Possible cause

Sprain Ligament Excessive movement forcing the joint past
its maximum range of motion, or external
violence such as a side push on the knee
during a football tackle

Strain Muscle or tendon Overstretching of muscle or tendon

generally during sudden acceleration or
deceleration

Contusion (bruise or
haematoma) or a cork

Muscle, tendon, skin  Direct blow from a collision with a player or

piece of equipment, or from a heavy fall

Open wound — cut, Skin
abrasion, laceration

Direct blow from a collision with a player or
piece of equipment

Hard tissue injuries involve the bones of the skeleton. The most common injury to

bones is a fracture.

© A fracture is a break to the bone and it can be closed or open (compound), where
the bone has broken through the skin (figure 4.4). A fracture can be caused by
direct trauma to the area such as a blow, or an indirect trauma such as falling
on an outstretched hand. Signs and symptoms of a fracture can include pain,
swelling, bruising, tenderness, difficulty in moving or deformity.

© Dislocations occur at a joint and involve the bones forming the joint being
displaced. They damage both the hard tissue of bone and the surrounding
connective tissue. Dislocations generally result from excessive movement of a
joint; for example, falling awkwardly in the landing of a gymnastics routine. Signs
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and symptoms include pain, swelling, tenderness, deformity or loss of

movement. A partial dislocation is known as a subluxation.

Tables 4.2 and 4.3 summarise the types of sporting injuries that may
occur to different body structures and their possible causes.

TABLE 4.3 Types of hard tissue injuries

Type of injury Structure injured Possible cause

Fracture Bone Direct trauma such as a blow;
indirect trauma such as falling on an
outstretched hand

Dislocation/ Joint Excessive movement of the joint

subluxation

Overuse injuries

Athletes can develop an overuse injury during periods of high workloads
and low levels of rest. This is particularly relevant to younger athletes who
are going through puberty and growth spurts. A strategy for reducing the
impact of injuries on an athlete’s function is to manage the pain cycle
(figure 4.5).

The main examples of overuse injuries seen in athletes are summarised
in table 4.4.

TABLE 4.4 Types of overuse injuries

Overuse injury Signs and symptoms

Shin splints Initial pain may be caused by slight inflammation
in the muscles; over time, pain can become
constant and extremely uncomfortable.

Osteitis pubis: irritation
and/or overuse of the
joint between the pubic
bones of the pelvis

© Gradual onset of groin pain with an increasing
level of discomfort

© Pain when kicking, running, twisting or
completing turning movements

© Pain when contracting abdominal muscles

© Significant loss of kicking strength or length

© Reduction in maximum running speeds

© Patellar tendon inflamed and tender
© Pain often felt at the end of a session or when
the athlete has cooled down

Patellar tendonitis

Tennis or golfer’s elbow © Recurring pain on the outside of the upper
forearm just below the bend of the elbow;
occasionally pain radiates down the arm towards
the wrist

O Difficulty extending the forearm fully because
of inflamed muscles, tendons and ligaments

© Pain caused by lifting or bending the arm or

grasping even light objects such as a coffee cup

Overload

Tissue injury

2

Pain cycle Continued activity

i /

Rest/healing

Inflammation

FIGURE 4.5 The pain cycle: incorrect overload
leads to tissue injury; continued activity leads
to pain, which results in inflammation. The only
way out of the cycle is rest and healing.

Possible causes

© Poor posture

© Excessive training during an adolescent
growth spurt or the beginning of a training
program

© Fallen arches in the feet

© Biomechanically incorrect gait

© Muscle fatigue in the lower limbs

© A strength imbalance between anterior
and posterior muscles in the lower leg

A combination of

© high running loads

© frequent changing of direction at pace
© the kicking action

© muscle imbalance (abdominals)

© Running, jumping or high-impact activities
© Growth spurt

© Poor technique
© Equipment
© Sudden increase in training/activity
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4-1 Classification and types of sports injuries

Interactivity
Acute sports injuries
Searchlight ID: int-6631

Common sports injuries

An athlete can expect to suffer a number of different sports injuries during their career.
The severity of each injury will vary greatly in terms of injury damage, recovery and
rehabilitation. Some sports lend themselves to specific types of injuries. Table 4.5

TABLE 4.5 Acute sports injuries

Area of body

Head

Concussion

Chest
Winded

Abdomen
Stitch

Shoulder

Dislocation

Broken clavicle (collarbone)

Elbow

Dislocation

Hand/finger

Dislocated fingers

Thigh

Cork
(haematoma)

Strain in quadriceps/
hamstrings

Knee

Patella dislocation

Rupture of anterior cruciate
or ligament sprain

Torn cartilage (menisci)

Ankle
Sprain

Achilles tendon rupture

Cause of injury

Blow to the head or heavy fall

Heavy blow to the chest or
abdomen

Possible causes:
© air bubbles in the duodenum
© spasm of the diaphragm

Falling on an outstretched arm

Falling on an outstretched arm

Falling on an outstretched hand

Direct blow to the hand/finger,
usually caused by an object
such as a ball or stick

Direct contact with an object or
body

Sudden over-stretching or
contraction of muscle

Forceful twist of knee while
bearing weight

Falling awkwardly and twisting
knee

As for sprain

Twisting the ankle or playing on
uneven surfaces

Extremely powerful contraction of

the calf muscles

shows the types of sporting injuries and their causes.

Signs of injury

Loss of consciousness; vomiting; loss of memory; headache or
drowsiness

Gasping for breath; pain; nausea

Pain in the side of the abdomen

Shoulder and arm in abnormal frontal position; resultant
damage to ligaments and joint capsule; severe pain at point
of injury; swelling

Need to support the elbow of the broken side

Deformity at elbow causing loss of movement; swelling;
extreme pain

Deformity; swelling; localised pain

Weakness in strength and power of the muscle; reduced range
of motion; localised pain and swelling

Sudden and severe localised pain when muscle is contracted;
reduced mobility, strength and power

Deformity and loss of function of knee; extreme pain; swelling

Sound of ‘pop’ or ‘crack’ in the knee; immediate pain in knee,
which is sore to touch; some restricted movement

Swelling may be evident or occur later; other signs as for sprain

Immediate pain in ankle, which is sore to touch; restricted
movement; swelling

Deformity of the Achilles tendon; a lump in the middle of the
calf muscle; loss of movement of foot; pain
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TEST your understanding 7 Learning activity: injury fact sheets

1 Outline the three classifications of injuries. Sports Medicine Australia provides links to injury

2 Discuss the difference between direct and fact sheets that can be viewed using the Sports
indirect injuries. Provide examples. Medicine Aystra]ig weblink in your eBookPLUS.

3 Outline the difference between a strain and a sprain. Read the list of injury fact sheets and complete

4 |s a dislocation an injury to hard tissue or to soft the following tasks.
tissue? (@) Select two different acute injuries and read through

their fact sheets.
APPLY your understanding (o) For each injury, summarise the important information

5 Apply the following questions to cricket, netball and record any interesting aspects of each injury.
and tennis. (c) Compile a 3-minute oral presentation on the
(a) Identify injuries that are most likely to occur in these two injuries you selected.

sports. 8 Practical activity: common sporting injuries
(b) Provide examples of how these injuries might occur. Choose a common team sport such as hockey or
(c) Classify the injuries as direct/indirect and soft/hard soccer to play as a class. While playing, consider

tissue injuries. all the injuries that could occur in the game.

6 Read the following scenarios and classify them (@) The figure below shows the top ten most common
according to the type of injury most likely to injuries during sport. Suggest ways such injuries could
have occurred. occur in the sport you were playing.

(@) A 100-metre sprinter begins his race accelerating from (b) Suggest ways of preventing or reducing these injuries.

the blocks and feels a sharp pain in his Achilles

tendon.
(b) A basketballer jumps for a rebound but lands heavily Top ten most common injuries during sport

and twists her ankle. 1. Sprain or strain 6. Dislocation
(c) A tennis player feels discomfort in the elbow during a

five-set match. 2. Fracture, excludes tooth 7. Intracranial injury
(d) A footballer hears a crack as his leg collides with an

opposing player’s leg while disposing of the football. 3. Open wound, excludes eye 8. Eye injury

(e) Two hockey players collide heads when going for the 4. Injury to muscle or tendon 9. Crushing injury
ball, and one complains of a headache.

(f) A netballer trips over her opponent’s feet in the goal 5. Superficial, excludes eye 10. Foreign body
circle, puts her arms out to slow her fall and hurts her

Source: Victorian Injury Surveillance Unit, Monash University
shoulder. Accident Research Centre.

Weblink
Sports Medicine Australia
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4-2 llinesses associated with the musculoskeletal system

KEY CONCEPT Musculoskeletal illnesses and conditions can reduce the mobility
of an individual and their capacity to remain physically active. There are preventative
measures that can be taken to limit the effect of these conditions.

W As well as injuries to the musculoskeletal system during physical activity, sport and
e | exercise, there are many illnesses and conditions affecting both the muscular and
Musculoskeletal|  skeletal systems that can impact on the ability of an individual to engage in regular
illnesses and physical activity.
g‘c’;:ét'?"s The Australian Institute of Health and Welfare (AIHW) estimates that in 2011-12,
summapry and 6.1 million Australians (28 per cent of the population) had a musculoskeletal

practice condition. These conditions affect bones, muscles, joints and ligaments and often
questions limit the capacity and mobility of an individual via reduced joint function, pain and
psychological distress.

The most common musculoskeletal conditions in Australia include:
© arthritis (including osteoarthritis, juvenile arthritis and rheumatoid arthritis)
© 0steoporosis
© back pain and problems.

80
70

60 B Back pain/problems

50 — B Rheumatoid arthritis
FIGURE 4.6 Prevalence 40 - B Osteoarthritis
in Australia of common

. 30 -
musculoskeletal conditions
according to age. 20
Source: Australian Institute of Health 10
and Welfare 2014. Arthritis and other 0 -
T T T T

musculoskeletal conditions across the life
stages. Arthritis series no. 18 PHE 173. 0-15 16-34 35-64 65-79 80+

Canberra: AIHW. Age group (years)

M Osteoporosis

Per cent

Arthritis

Arthritis is a condition Arthritis is characterised by inflammation of the joints in the body, causing pain and
characterised by inflammation of a stiffness. It can impinge on the joint via weakness, instability and deformity around the
joint, causing pain and stiffness. joint structure. Arthritis is estimated to affect 3.5 million Australians (15.5 per cent),
with more than half of those (58.9 per cent) suffering from osteoarthritis and 11.5 per
cent with rtheumatoid arthritis (ATHW, 2014). Arthritis more commonly affects females
than males and prevalence increases with age, especially after 45 years. Arthritis can
restrict the ability of an individual to engage in daily activities such walking, preparing
food and general hygiene.

There are over 100 forms of arthritis but the most significant ones affecting an
individual’s ability to participate in physical activity are discussed below.

Juvenile arthritis describes the type of arthritis that occurs in children under
16 years of age. It is relatively uncommon, affecting less than 1 per cent of Australian
children. Juvenile arthritis can be very unpredictable, changing from one moment
where an individual can be symptom-free through to severe swelling, tenderness,
stiffness and pain in and around the affected joints. Mobility can be compromised,
making participation in physical activity difficult due to the unpredictable nature and
flare up of symptoms. The cause of juvenile arthritis is currently unknown.

Osteoarthritis is a degenerative condition resulting from overuse, or ‘wear and tear’,
of a joint, mostly affecting the weight-bearing joints of the hip, knee or ankle but can

Weblink
Arthritis Australia
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also affect the hands and spine. Cartilage on the ends of bones wears away causing
the bones to rub together, creating pain, swelling and restriction of range of motion
in the affected joint. Risk factors for developing osteoarthritis include increasing
age, physical inactivity, being overweight, joint trauma from previous injuries and
repetitive stress on a joint.

Rheumatoid arthritis is a chronic disease resulting from an autoimmune response
of the body The immune system attacks the tissues lining the joints causing pain,
swelling, stiffness, progressive and irreversible damage, and deformity. Rheumatoid
arthritis is the most severe form of arthritis, generally affecting the smaller joints of the
body, such as the hands and feet.

Normal joint Osteoarthritis Rheumatoid arthritis

Bone
Muscle
Bursa

Damaged,
eroded
bone

Cartllage Cartilage
Synovial becomes thin

i and rough
fluid

Swollen,

Joint Synovial inflamed
capsule ‘ membrane synovial
and becomes thick membrane
synovial ‘ and inflamed

membrane

FIGURE 4.7 Normal and arthritic

For all forms of arthritis, regular physical activity has been found to improve the joints
mobility and flexibility of joints, increase muscle strength and improve posture and
balance as well as decrease pain, feelings of fatigue and tiredness, and muscle tension
and stress. The added benefit of engaging in physical activity is also the improvement
in overall health and maintenance of a healthy body weight. Excess body weight can
contribute to symptoms of arthritis, especially in the weight-bearing joints of the body.

The type of physical activity should take into consideration the individuals
condition and limitations. Lower-impact exercises are often more comfortable as less
force is going through the joints. These exercises might include:
© flexibility exercises, e.g. stretches, to maintain or improve the mobility of joints

and muscles
© muscle strengthening, e.g. resistance training with weights, to develop strong

muscles to support the joints and connective tissue
O aerobic activities, e.g. brisk walking and swimming, to improve heart and lung

health.

Osteoporosis

Osteoporosis is a musculoskeletal condition characterised by the thinning and
weakening of a bone, making it very fragile. This occurs when the bone loses minerals,  which the bones become weak
in particular calcium, quicker than the body can replace them. This loss impairs the  and thin and therefore brittle.
density of the bone and increases the risk of fracture in comparison to a normal bone.
Osteoporosis affects 3.5 per cent of the Australian population. It is more common

in women than men and has a higher incidence in people over the age of 55 (AIHW).
It is often called the ‘silent disease’ as it has little to no symptoms and people may not Weblink
know they have it until a fracture occurs. Once a fracture occurs, sufferers may have Osteoporosis Australia
mobility concerns, especially if the fracture occurs in the spine, pelvis or lower limbs. -

Osteoporosis is a largely preventable condition. Risk factors for developing
osteoporosis include sedentary behaviour and lack of exercise, as well as nutritional
concerns such as poor calcium intake and vitamin D deficiencies. Participation in
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4-2 llinesses associated with the musculoskeletal system

regular physical activities (particularly those that place ‘stress’ on the bone, such as
weight-bearing activities) helps to maintain and/or improve bone density and strengthen
the muscles that attach to these bones. Stronger bones and muscles improve posture
and balance, and reduce the likelihood of falls and subsequent breaks in the bones.
Osteoporosis Australia outlines the following effects of exercise at different stages of

Normal bone

: Close-up view
Bone with

Childhood/
adolescence

B

Close-up view

FIGURE 4.8 A normal bone
compared with a bone affected
by osteoporosis

Early to mid
adulthood

Post
menopausal
women

Men

Older adults
without
osteoporosis

Older adults with

osteoporosis/
fractures

TABLE 4.6 Exercise and its effects on osteoporosis

Age Bone status Exercise effect

In girls and boys the major
build-up of bone occurs in the
pre-teen and adolescent years.
Peak bone density is reached
during mid to late 20s.

Bone density is maintained or
starts to decrease very gradually
when a person reaches their
30-40s although increases

are still possible during middle
adulthood.

In women from the age of
45 years, bone loss begins to
increase to 1-2% per year.

Bone loss accelerates up to
2-4% per year at the onset of
menopause.

Bone density tends to remain
relatively stable until middle age,
decreasing by about 0.5-1.0%
per year from the age of

45-55 years. Low testosterone
or hypogonadism can increase
bone loss in men.

After 75 years of age, further
increases in bone loss occur in
both sexes, especially from the
hip. The risk of fracture increases
as bone loss increases.

Bones are increasingly thin and
fragile.

life for the prevention or management of osteoporosis.

Can increase bone density and
structure to maximise peak bone
strength, which helps keep bones
strong for longer in adulthood.

Can maintain or increase (1-3%)
bone density and improve
cardiovascular health and
fitness; resistance training can
also improve muscle mass and
strength.

Can maintain bone strength by
helping to slow the rate of bone
loss following menopause. It is
very difficult to increase bone
density during or after menopause
by exercise alone. Can effectively
improve muscle function (balance)
and reduce falls risk.

Can maintain or increase (1-2%)
bone density, improve muscle
mass, strength, balance and
co-ordination to help prevent falls
and maintain general health.

Helps to maintain bone strength
and increase muscle strength,
balance and co-ordination, which
in turn help to prevent falls.

Exercises recommended by
physiotherapists and exercise
physiologists can improve general
health, muscle strength, balance
and posture to prevent falls

and reduce the risk of further
fractures.

Source: Osteoporosis Australia, www.osteoporosis.org.au.

Back pain

Back pain and back problems can affect the bones, joints, tissues and nerves of the
back. They can be caused by a variety of mechanisms, including soft tissue injury
(e.g. muscle strain or sprains), displacement of intervertebral discs, postural stress,
nerve irritations (e.g. sciatica) and structural problems. Back problems often stem
from overuse, injury, weakness, degeneration or postural misalignment.

Weblink
Back pain
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Back pain can be acute, but more often than not it can become chronic and long
lasting. It is estimated that 2.8 million Australians (13.6 per cent) are affected by back
pain (AIHW, 2011-12).

Risk factors for back pain include sedentary behaviour and physical inactivity, being
overweight or obese, type of occupation (especially those that involve lifting, bending
or twisting), poor posture and stress. Other musculoskeletal conditions, such as
osteoarthritis and osteoporosis, can also be risk factors for and contribute to back pain.

Treatment to help prevent back pain includes:
© exercises to strengthen the back and core muscles, to assist with correct posture

and support of the spine
© maintaining a healthy weight, as excess weight puts strain on the back and

postural muscles

© staying active.

TABLE 4.7 Summary of risk factors and preventative measures for a range of musculoskeletal

conditions

Musculoskeletal
conditions

Description

Risk factors

Preventative
measures

Rheumatoid
arthritis

Osteoarthritis

Osteoporosis

Back pain

Chronic disease
of the joints
causing pain,
swelling, stiffness,
and irreversible
damage and
deformity

Degenerative
condition resulting
from overuse

of a joint where
cartilage wears
away, causing
bones to rub
together

Characterised
by thinning and
weakening of the
bone, making it
very fragile

Pain affecting
bones, joints,
tissue and nerves
of the back
stemming from
overuse, injury,
weakness or
degeneration

Age

Gender (female)
Family history
Tobacco use

Increasing age
> 45 years

Physical inactivity

Overweight/
obesity

Joint trauma
from previous
injury

Repetitive stress
on a joint

Sedentary
behaviour

Physical inactivity

Poor calcium
intake

Vitamin D
deficiency

Increasing age
> 55 years

Gender (female)

Sedentary
behaviour

Physical inactivity
Overweight/obesity
Poor posture

Type of occupation

Regular participation
in physical activity
Not smoking
Healthy diet

Regular participation
in physical activity
Maintenance of
healthy body weight

Regular participation
in weight-bearing
activities

Nutritious diet,
including calcium

Limiting sedentary
behaviour

Regular
participation in
physical activity
Maintenance of
healthy body weight
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4-2 llinesses associated with the musculoskeletal system

S | ° TEST your understanding
Digital document 1 What is a musculoskeletal illness or condition?
Risk factors and preventative 2 List the common musculoskeletal illnesses or conditions and indicate the
measures for musculoskeletal percentage of Australians affected by each of these conditions.

conditions 3 Outline the difference between the three most common types of arthritis.
Searchlight ID: doc-18669 4 Osteoporosis is largely a preventable condition. Discuss this statement.

APPLY your understanding
5 Outline the similarities and differences between the musculoskeletal illnesses
and conditions discussed in this section.
6 For each of the musculoskeletal illnesses and conditions outlined in question 5,
suggest ways to prevent these conditions occurring.
7 Create a fact sheet for one of the musculoskeletal illnesses, outlining:
© what the condition is
© how a person can develop the illness
© how many Australians suffer from the illness
© any preventative measures that can reduce the likelihood of developing the
illness
© health promotion programs that address the illness.
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Physiological strategies to prevent

4.

musculoskeletal injuries

KEY CONCEPT: A range of strategies can be used to assist the athlete to be
physiologically prepared for participation in physical activity, sport and exercise, and

reduce the incidence of injury.

Sustaining an injury is one of the risks involved in participating in competitive sport,
physical activity and exercise. Factors such as age, gender, health, physical fitness,
skill level, sports equipment and the environment can all influence the potential for
injury. It is estimated that up to 50 per cent of sporting injuries are preventable. A
proactive approach to sports injury prevention will reduce the likelihood of injury
occurring.

There is a correlation between the characteristics of certain sports and the increased
risk of injury to athletes. High-risk characteristics include:
© high levels of physical contact
© high impact activity
O heavy physical demands requiring maximal exertion
© high training volume, e.g. swimming

and gymnastics which require six to nine

sessions per week
© long seasons of competition or no breaks

between seasons.

The physical preparation of an individual
is the key to prevention of injury. Through
appropriate  preventative  strategies, the
individual is better placed to participate in
their sport, physical activity or exercise, and
reduce their risk of injury. Preventative actions
include:
© performing pre-participation screening
© developing physical fitness appropriate to

the activity
© developing correct skills and techniques
© completion of adequate warm-up,

stretching and cool-down procedures.
Individuals need to be aware of these to ensure
that they are in peak condition to participate
in their chosen physical activity, sport or
exercise.

Pre-participation screening

Pre-participation screening should be undertaken by all individuals prior to
commencing or increasing their physical activity, whether that is a health and fitness
program or competitive sport. Pre-participation screening can take the form of
questionnaires and/or physical examinations. Questionnaires are the most common
form of screening and are designed to ask about the medical history of athletes
and may include questions relating to current medical conditions, allergies, family
histories and previous injuries. Physical examinations provide data on parameters
such as height, weight and blood pressure.

Figure 4.9 is an example of an adult pre-participation screening questionnaire
produced by Exercise and Sports Science Australia (ESSA), Fitness Australia and
Sports Medicine Australia. This form is specifically designed to identify individuals
with underlying health concerns or at high risk of something going wrong during
exercise.

Sports injury prevention
strategies refer to any processes
completed by a coach, athlete

or sports administrator to
minimise the risk of injury.

FIGURE 4.9 Risk of injury is increased with high risk characteristics such as:
high levels of physical contact, long seasons and high impact activity.
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4-3 Physiological strategies to prevent musculoskeletal injuries

ADULT PRE-EXERCISE SCREENING TOOL

This screening tool does not provide advice on a particular matter, nor does it substitute for advice from an appropriately
qualified medical professional. No warranty of safety should result from its use. The screening system in no way guarantees
against injury or death. No responsibility or liability whatsoever can be accepted by Exercise and Sports Science Australia,
Fitness Australia or Sports Medicine Australia for any loss, damage or injury that may arise from any person acting on any
statement or information contained in this tool.

Name:

Date of Birth: Male:[ ] Female:[ | Date:

STAGE 1 (COMPULSORY)

AIM: To identify those individuals with a known disease, or signs or symptoms of disease, who may be at a higher risk of an
adverse event during physical activity/exercise. This stage is self administered and self evaluated.

Please circle response

1. Has your doctor ever told you that you have a heart condition or have you ever suffered a stroke? Yes No
2. Do you ever experience unexplained pains in your chest at rest or during physical activity/exercise? Yes No
3. Do you ever feel faint or have spells of dizziness during physical activity/exercise that causes you to Yes No

lose balance?

4. Have you had an asthma attack requiring immediate medical attention at any time over the last Yes No
12 months?

5. If you have diabetes (type | or type Il) have you had trouble controlling your blood glucose in the last Yes No
3 months?

6. Do you have any diagnosed muscle, bone or joint problems that you have been told could be made Yes No

worse by participating in physical activity/exercise?

7. Do you have any other medical condition(s) that may make it dangerous for you to participate in Yes No

physical activity/exercise?

IF YOU ANSWERED ‘YES’ to any of the 7 questions, please seek guidance from your GP or
appropriate allied health professional prior to undertaking physical activity/exercise.

IF YOU ANSWERED ‘NO’ to all of the 7 questions, and you have no other concerns about your health,
you may proceed to undertake light-moderate intensity physical activity/exercise.

| believe that to the best of my knowledge, all of the information | have supplied within this tool is correct.

Signature Date
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ADULT PRE-EXERCISE SCREENING TOOL

STAGE 2 (OPTIONAL)

Name:

Date of Birth: Date:

AIM: To identify those individuals with risk factors or other conditions to assist with appropriate exercise prescription. This stage

is to be administered by a qualified exercise professional.

1. Age
Gender

2. Family history of heart disease (e.g. stroke, heart attack)

Relative Age Relative Age
["]Father [ Mother

[ ] Brother []Sister

[1Son [] Daughter

3. Do you smoke cigaretes on a daily or weekly basis or
have you quit smoking in the last 6 months? Yes No

If currently smoking, how many per day or week?

4. Describe your current physical activity/exercise levels:

Sedentary Light Moderate Vigorous

[ OJ 0 O

Frequency
sessions per week

Duration
minutes per week

5. Please state your height (cm)

weight (kg)

6. Have you been told that you have high blood
pressure? Yes No

7. Have you been told that you have high
cholesterol? Yes No

8. Have you been told that you have high blood
sugar? Yes No

>45 yrs Males or >55 yrs Females
+1 risk factor

If male < 55 yrs = +1 risk factor

If female < 65 yrs = +1 risk factor

Maximum of 1 risk factor for this
question

If yes, (smoke regularly or given
up within the past 6 months)
= +1 risk factor

If physical activity level
< 150 min/week = +1 risk factor

If physical activity level
> 150 min/week = -1 risk factor

(vigorous physical activity/
exercise weighted x 2)

BMI =

BMI > 30 kg/m? = +1 risk factor

If yes, = +1 risk factor

If yes, = +1 risk factor

If yes, = +1 risk factor

STAGE 2 Total Risk Factors =

FIGURE 4.10 Pre-participation screening tool
Source: essa.org.au
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4-3 Physiological strategies to prevent musculoskeletal injuries

Overtraining refers to a physical

condition characterised in its most
severe form by decreased athletic
performance, increased fatigue,
persistent muscle soreness,

mood disturbances, and a feeling
of being ‘burnt-out’ or ‘stale’.

Warm-up refers to activities

and exercise undertaken at the

beginning of a training session with
the aim of preparing the body both
physiologically and psychologically
for the training session that follows.

_ [studygm| :

.

B
preparation of

S
summary

and practice

questions

= = et — . 2 =87 = = I

Physical preparation of athletes

Training should always ensure athletes achieve appropriate fitness levels that are
specific to the sport. Athletes and coaches must correctly apply the principles of
training — particularly those of specificity, appropriate progressive overload,
intensity and frequency — during both the pre-season and in-season training. It is
important that the athlete’s preparation is thorough, but not so demanding as to cause
overtraining. Adequate recovery between training sessions is vital for the athlete to
benefit from the session as well as prevent injury from occurring. Fatigue is one
of the most common causes of injury, but physically fit athletes do not fatigue as
quickly. Fitness testing in the pre-season phase will allow the coach to identify the
strengths and weaknesses of individual athletes, and prepare specialised training for
each individual.

Warm-up

A warm-up prepares the body for physical activity. Physiologically, a warm-up:

© increases heart rate and respiratory rate, resulting in increased delivery of oxygen
to working muscles

© increases blood flow to muscles, resulting in an increase in muscle temperature
and an increase in oxygen delivery to the muscle cells

© increases extensibility of the muscle fibres (and tendons) due to the increase in
muscle temperature

© increases enzyme activity within the muscle cells due to increased muscle
temperature, facilitating improved energy release within the muscle.

Psychologically, it prepares the mind for competition by increasing focus, attention

and concentration.

The type of activity being undertaken should determine the type of warm-up
conducted. All warm-ups include a general phase followed by a sport-specific phase.
© The general phase (beginning of the warm-up) should include low-impact aerobic

activities, such as jogging, that are continuous in nature, as well as stretching.
© The sport-specific phase should include activities directly related to the muscles,

joints and body parts about to be used in the activity. These activity-related
movements should be dynamic movements and could involve activities such as:

— run-throughs

— high knee-lift running

— horizontal ladder stepping

— skill drills that replicate the specific movement patterns performed during the

sport or activity; for example, kicking a football.

FIGURE 4.11 Activities that can be completed in a warm-up
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By warming up the muscles, the risk of injury is reduced, particularly muscle strains
and tears. This is due to the fact that there is an increased range of motion around the
joint and decreased stiffness of the surrounding connective tissue.

There is no set duration for a warm-up; however, the athlete should be guided by
how they feel. A general guideline is that the warm-up should produce mild sweating
without fatigue. The length of the warm-up is related to weather temperature and, in
warmer conditions, the time needed for an adequate warm-up is generally much less
than in cooler conditions.

Cool-down refers to low-intensity
activity completed at the end of

a training session or competition
that allows the body to recover

by breaking down lactic acid

and preventing venous pooling,
gradually returning the body to

its resting physiological state.

Cool-down

The cool-down assists the body to recover from exercise via completion

of a low-intensity version of the activity just participated in. It is a

gradual reduction in the intensity of the activity being performed,

followed by a period of static and proprioceptive neuromuscular

facilitation (PNF) stretching of the major muscles used in the activity.
The main aims of the cool-down are to:

© prevent venous pooling (accumulation of blood in the veins)

O ensure that waste products, such as lactic acid, are broken down
and removed from the blood

© reduce the potential for muscle soreness

© allow the body to return to its resting physiological state.

The length of a cool-down can vary depending on the athlete and type

of activity undertaken. It is the first stage in the recovery process.

FIGURE 4.12 Stretching is an
important part of the cool-down
procedure.

Fighting sporty kids’ arthritis risk

BY CATHY JOHNSON

Sports injuries in kids can leave a lasting legacy: arthritis later in
life. However, some simple exercises can dramatically reduce
the risk.

There’s no denying sport is an important part of a healthy
childhood.

But when injuries strike, there’s a hidden toll many parents are
unaware of. Your child’s pain can return years down the track in
the form of osteoarthritis, or damaged joints. The disease makes
joints stiff and sore and can reduce mobility — sometimes
significantly.

In fact research has shown sporting injuries in childhood are
responsible for around 20 per cent of osteoarthritis cases in
adults, some of whom are as young as 30.

With osteoarthritis affecting two million Australians, that's
close to half a million people who can link their condition to
childhood sport.

According to research published in 2011, the sports with the
greatest number of injuries predisposing to arthritis in later life
are soccer, Australian football (‘Aussie Rules’) and netball. This
is partly due to their popularity and the fact they involve sudden
changes in direction that tend to create knee injuries. Players
aged 15 to 24 are most commonly affected.

The good news is some simple workouts could help prevent
the injuries occurring in the first place, says Sydney arthritis
expert Professor David Hunter, a staff specialist at Sydney’s
Royal North Shore Hospital.

If a 10 to 20 minute injury prevention routine was part
of training for all school and community sports, it could

substantially reduce the number of injuries and therefore future
arthritis sufferers, Hunter says.

In Norway, such a scheme produced a drop in injuries as
high as 60 per cent and the effectiveness of programs has been
documented in several scientific journals.

Prevention programs are rare in Australia but Hunter is part
of a group pushing for them to become standard in sporting
groups across the country.

Until that happens, he says parents can take the lead.

‘Parents have a strong influence over what coaches
ultimately do. Or they can just make sure their own kids do
the right exercises at home. We want to encourage kids’
involvement in sport, but we want to make sure it’s done in a
safe way.’

Right exercises cut risk

Ideally Hunter would like to see detailed injury prevention
routines developed for specific sports. These could then be
incorporated into coach education systems, with coaches
ensuring the routines are performed correctly by players during
training.

Soccer’s international governing body, the Federation
International Football Association (FIFA), has developed a
program suitable for its players, although it hasn’t been adopted
widely by coaches in Australia.

However, Hunter says parents can help their children reduce
their risk of injury by encouraging them to do five of the FIFA
program’s exercises, which are helpful for players of any sport.
He suggests children do these exercises twice a week, ideally on

a sporting field or park where there is plenty of space.
(continued)
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Exercises
Walking lunges

Stand with your feet hip-width apart and lunge forward slowly at an even pace across a distance (approx. 10 times each
leg) and then jog back.

Do this twice (i.e. 2 sets).

Correct Incorrect
* Bend your leading knee to 90 degrees e Your bent knee should not extend beyond your toes
¢ Keep your upper body upright e Do not let your leading knee buckle inwards
* Keep your pelvis horizontal ¢ Do not bend your upper body forwards

e Do not twist or tilt your pelvis to the side

Lateral jumps

Stand on one leg with your upper body bent slightly forwards from the waist, with knees and hips slightly bent. Jump
approx. 1m sideways from the supporting leg on to the free leg, maintaining your balance. Repeat, changing legs
each time.

Do 2 sets of 30 secs each.

Correct Incorrect

¢ When viewed from the front, your hip, knee and foot e Do not let your knee buckle inwards

hould be i traight li
shouldbe In a straight fine * Do not turn your upper body

¢ Land gently on the balls of your foot, bend the hip,
knee and ankle at the same time and lean your upper
body forwards

* Do not twist or tilt your pelvis to the side

* Keep your upper body stable and facing forwards

* Keep your pelvis horizontal

Box jumps

Stand with your feet hip-width apart and imagine there is a cross marked on the ground and you are standing in the
middle of it. Alternate between jumping forwards and backwards, from side to side, and diagonally across the cross.
Jump as quickly and explosively as possible.

Do 2 sets of 30 secs each.

Correct Incorrect
*  When viewed from the front, the hip, knee and foot of * Never let your knees meet and do not let them buckle
both legs should be in two straight parallel lines inwards
¢ Jump off both feet and land on the balls of your feet ¢ Do not land with extended knees or on your heels

with feet hip-width apart
¢ Bend your hips, knees and ankles on landing

* A cushioned landing and a powerful take-off are more
important than how high you jump

UNIT 1 ¢ The human body in motion




Boundings

Take a few warm-up steps then take 6-8 bounding steps with a high knee lift before slowing to a jog. Use an exaggerated
arm swing for each step (opposite arm and leg). Try not to let your leading leg cross the midline of your body. Jog back

to recover.
Do this twice (i.e. 2 sets).

Correct

* Keep your upper body straight

¢ Land on the ball of the leading foot with the knee
bent and spring

Plant cut

Incorrect

¢ Do not let your knee buckle inwards

Jog 4-5 steps, then ‘plant’ on the right leg (i.e. firmly place your right foot on the ground) and ‘cut’ to change direction to
the left and accelerate. Sprint for 5-7 steps (at 80-90% of maximum pace) before you decelerate and plant on the left foot
to cut to change direction to the right. Repeat for a distance of about 70 metres or so then jog back.

Do this twice (i.e. 2 sets).

Correct

* Make sure you keep your upper body straight

* Your hips, knees and feet should be aligned

Incorrect

* Do not let your knees buckle inwards

These descriptions are based on those outlined in FIFA’s injury prevention program 17+.

The arthritis time bomb

A variety of injuries can predispose a child to arthritis later in life,
including severe ankle sprains and tears to the menisci (discs

of cartilage on either side of the knee). However, one injury

that stands out as particularly problematic is a tear to a major
ligament in the knee, the anterior cruciate ligament, Hunter says.

He recommends the five exercises with this in mind. They
help sports players strengthen their ankles and learn to land with
straight knees. This prevents sudden lurches to the side that
impose forces up to 10 times your body weight.

‘Of the 20,000 Australians who tear their cruciate ligament
each year, about 70 per cent will get osteoarthritis in that
knee within 10 to 20 years, irrespective of the treatment they
undergo.’

While a torn anterior cruciate ligament can be repaired
surgically with a recuperation period of six to 12 months,
the initial injury changes the stability of the knee joint so that
‘different parts of the joint that weren’t previously in contact with
each other are now touching,” Hunter says.

Over time, cartilage and other tissues in the joint start to be
‘overwhelmed’ and start to break down, causing the symptoms
of pain and stiffness.

‘If we use imaging techniques to follow people [who have
injured their cruciate ligament], their joint basically never returns

to normal,” Hunter says. ‘Even though the ligament repairs, it
doesn’t necessarily make everything else get back to normal.’

‘So a lot of people are getting osteoarthritis in their early
and mid-30s as a result of an injury that might have happened
in their teens. And most of those people do become quite
disabled.’

Prevention is best

Unfortunately there’s little you can do to prevent arthritis
developing once you’ve had a cruciate ligament injury, Hunter
says — hence the focus on prevention.

Some parents believe, incorrectly, if their child avoids sports
involving heavy contact with other players, they will not be at
risk.

‘People are misled into thinking these injuries occur during
heavy contact in violent sport. But the overwhelming majority of
them aren’t contact injuries, they’re a person landing on the knee
improperly with no-one even standing near them and the ligament
just tears.’

But he urges parents not to let fear of injuries lead them to
hold their child back from playing sport.

‘Physical activity is healthy and we want kids to do it. And
injury prevention is a tangible realistic goal.’

Source: www.abc.net.au, 23 May 2012,
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4-3 Physiological strategies to prevent musculoskeletal injuries

° TEST your understanding
1 List the factors that can contribute to an athlete sustaining an injury.
2 Outline the role of pre-participation screening. :
3 Explain how the following can help prevent injury:

(a) adequate fitness

(o) warm-up

(c) cool-down.

APPLY your understanding
4 Practical activity: warm-up/cool-down
(@) Working in pairs, plan a warm-up or cool-down for a sport of your choice.
(b) Conduct the session for the class.
(c) Explain to the class how each activity completed will help reduce the risk of
injury.
5 Learning activity: injury prevention
The figure below shows the top ten most injury-prone sports. Choose three
sports from this list.
(a) List all the injuries that could occur in the three sports.
(b) Identify all the risks that you think could contribute to injuries sustained in the
three sports.
(c) Outline injury prevention measures for each injury identified.

Top ten most injury-prone sports

1. Australian Rules football 6. Bike/cyclist/BMX

2. Basketball 7. Hockey

3. Soccer 8. Motor/trail/mini bike
4. Netball 9. Rugby

5. Cricket 10. Tennis

Source: Victorian Injury Surveillance Unit, Monash University Accident Research Centre.

6 Learning activity: ‘Fighting sporty kids’ arthritis risk’
Read the article on pages 75-7 and use your knowledge to answer the
following questions.
(@) Explain the link between sport, injury and osteoarthritis.
(o) Identify and classify the types of injuries discussed in the article.
(c) Outline preventative measures discussed in this article that could reduce the
chance of injury occurring.
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4-4 Physical aids to support the musculoskeletal system

KEY CONCEPT: Protective equipment, taping and braces are widely used by
individuals to provide additional protection from sustaining an injury during physical

activity, sport and exercise.

Protective equipment

Most sporting activities use protective equipment designed to reduce the risk of injury
to participating athletes, especially the effect of impact and collisions. Some safety
equipment is compulsory but much of it is used voluntarily. It is important that all
protective equipment:

© is worn during training and games

O fits correctly

O is specific and appropriate for the sport, size and age of athlete

O is regularly checked and maintained.

Protective equipment can cover all parts of the body. It is designed to feel comfortable
for the athlete and to not interfere with sporting activity. Protective equipment can be
used as a preventative measure prior to an injury occurring or on return to sport
where there may be risk of aggravating an old injury. Table 4.8 outlines a range of
protective equipment that can be worn across a wide variety of sports.

Helmet

Face mask

Blocking glove

Kicker

[T

While protective equipment is designed to prevent injury, there are instances where
this may not occur. In November 2014, Australian cricketer, Philip Hughes was struck
by a cricket ball on the back of his neck just below his helmet during a Sheffield
Shield match. The blow to his neck led to a haemorrhage, and, tragically, he died
two days later in hospital. The Australian cricket community was in shock that such
a tragedy could happen on the field and subsequently, many questions were asked
about the safety of equipment used and emergency medical care on field.

Hughes was wearing a Masuri-branded helmet when the accident occurred. At that
time there was no helmet that could have protected Hughes from the ball hitting an
artery in his neck. Masuri has since released a new helmet with greater protection
in an effort to prevent another tragic death. It features a clip-on ‘StemGuard’ made
of plastic and foam to help protect the back of the neck. This year, players from Sri
Lanka and Australia have been trialling the StemGuard attachment.

Acute and chronic injuries and ilinesses of the musculoskeletal system
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FIGURE 4.13 Protective
equipment should be worn when
there is a risk of injury from
impact.
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Correct footwear

Many sports require different types of footwear depending on the demands of the

sport and the surface being played on. Specialised footwear can include running

shoes, spikes and football boots. A good running shoe will help prevent injuries such

as shin splints, overpronation and underpronation of the foot, and Achilles tendon

problems. For example, running shoes should have the following characteristics:

© a good grip on the playing
surface

O stability that allows quick
changes of direction

© cushioning for shock absorption,
such as gel pads or air bladders

O flexibility to allow the foot to
flex

© comfort for the wearer

© correct fit.

Shoes should be laced properly
before activity to allow a firm fit
around the foot. A podiatrist may
prescribe orthotics for athletes
with congenital defects such as
flat feet, high arches, unequal
leg length, and overpronation or
underpronation. Orthotics inserted
into the shoe will prevent ongoing
injury. Figure 4.15 describes how
to choose sports shoes.

FIGURE 4.14 The new Masuri

helmet, featuring the StemGuard

attachment, which provides

greater protection to the back of Be specific

the head and neck. No single pair of shoes is right for all activities. Look for shoes designed to reduce and
absorb the unique stresses and forces placed on your foot in your chosen activity.

Good cushioning

The importance of cushioning will depend on your injury history, and the type of surface
you are exercising on, such as grass or concrete. Look for adequate forefoot and mid-foot
cushioning for shock absorption.

Heel support

The structure at the back of the shoe that cups the heel should be firm and wide enough to
provide a stable platform for the foot. This is especially important for sports that involve lateral
motion, like tennis and basketball. The shoe should also have a notch at the top back of the
shoe to prevent rubbing on your Achilles tendon.

Ask for help

Everybody’s feet are different. Specialty shoe stores will have a variety of brands, features
and styles to choose from, and have staff trained to help you select the right shoe for your
activity and anatomy. If you have any injury concerns, it may help to see a podiatrist, who
can assess your feet, and recommend the best shoes for you.

Replace old shoes

Shoe wear depends on your foot anatomy, body weight, type of exercise, frequency of
training and the training surface. Don’t wait till your shoes are completely worn out before
buying another pair. They can look clean, but most shoes lose their cushioning after

12 months of use. Inner soles can also be replaced to help absorb your weight.

FIGURE 4.15 How to choose sports shoes
Source: Andrew Cate, exercise physiologist, from ABC Health & Wellbeing, www.abc.net.au.
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Taping

Preventative taping (or strapping) and bandaging of joints before playing or training
can reduce the chance of injury and the severity of a ligament injury or strain. Taping
is used to restrict some potentially harmful movements while allowing the desired
movement of a joint or muscle during activity.

Taping can be used as a preventative measure, especially in high-risk activities,
such as ankles in netball, or in rehabilitation after an injury has occurred to protect
the injured site during the healing phase and prevent further injury. It can also be
used to enhance proprioceptive feedback from the affected site, especially when there
has been previous injury to the site.

There are many types of tapes and bandages on the market to be used by athletes.
Rigid strapping tape is used if the athlete is wanting to restrict movement and provide
mechanical support and proprioception. Soft elastic bandages are used for initial
injury, especially when wanting to compress soft tissue and reduce swelling to the
affected area. Basic taping techniques include anchors, stirrups, figure of six and figure
of eight (see Taping techniques weblink in your eBookPLUS for more information).

Whilst taping offers many benefits, potential harms can include irritation of the
skin and reduced circulation if too tight. Tape does also lose elasticity over time, and
therefore can become less effective than when initially applied. Taping can be applied
by athlete but is often applied by medical professionals.

i

FIGURE 4.16 Preventative taping can reduce the
chance of injury.

Kinesiology taping
An alternative form of tape is kinesiology tape. This tape is thinner and more elastic than
traditional rigid strapping tape. It is a less restrictive type of taping that allows muscle
support while not compromising range of joint motion. The tape is not completely
wrapped around the injured joint or muscle, but applied over or on the periphery of
these areas. Benefits of this type of taping are thought to include pain relief, greater
range of motion and the ability to be worn for longer than rigid strapping tape.
The tape is applied in different techniques to rigid strapping with three general shapes:
O an T shape where the tape is applied linearly
© a Y’ shape for larger muscles, such as the deltoid across the shoulder
© an X’ shape for large and long muscles such as down the hamstring on the biceps
femoris.

Taping refers to the use of
strapping tape to limit the
range of movement in a joint as
part of an athlete’s prevention
or rehabilitation strategy.

Proprioception is the ability
of the muscles, tendons and

joints to receive and process
stimuli about their position.
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Taping techniques
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FIGURE 4.17 Kinesiology taping allows an athlete a greater range of movement
while still offering support to an injured muscle or joint.
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Braces

Sports braces play a similar role to taping in the prevention of sports injuries, with
the added advantage of the athlete being able to put on the brace themselves rather
than relying on a professional to tape the affected joint. While they can be expensive,
a good quality brace will last longer and may be cheaper in the long term if the athlete
needs to repeatedly tape an area.

As well as being used for the prevention of sporting injuries, taping, bandages and
braces can also be used for the musculoskeletal conditions outlined in section 4.2,
especially for arthritic joints and back pain.

TABLE 4.8 Protective equipment used in a variety of sports

Protective equipment Sports used in (examples) Potential injury prevented
Mouthguard Boxing Dental injury
Collision sports (e.g. hockey, © Teeth knocked out,
netball, basketball) chipped, broken,

Football codes (AFL, soccer, rugby) displaced
© Mandible (jaw) injury

Goggles/glasses Skiing Eye injury
Squash
Swimming
Helmet/face shield Baseball/softball Broken jaw, facial bones
Cycling Skull fracture
F'Gl',’RE 4.18 A knee bracg Cricket (wicketkeeper, slips) Facial lacerations
prov@es ext.rélx support during Fencing Concussion
physical activity. Football codes (soft helmet)
Gridiron

Hockey (goalie)
Horse racing (jockey)
Ice hockey
Snowboarding

. Lower leg/shin Baseball/softball (catcher) Lower limb contusion
Interactivity o padding Cricket Broken bones in lower
Protective equipment/likely injury Hockey leg/ankle
Searchlight ID: int-6633 Soccer

Volleyball
Upper body/chest Baseball/softball (catcher) Broken/fractured ribs
padding Cricket Contusion
Fencing
g o ) Gridiron
Interactivity Hockey (goalie)
Protective equipment: which sport?
Searchlight ID: int-6634 Gloves Boxing Broken/fractured/dislocated
Cricket fingers
Hockey (goalie) Contusion
Wrist/forearm guard In-line skating Broken/fractured wrist

Snowboarding

Footwear Athletics (spikes) Shin splints
Basketball Strains/sprains
Baseball Stress fractures
Boxing
Cricket
Football codes (AFL, soccer, rugby)
Golf
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TEST your understanding
1 Discuss the important considerations for the use of protective equipment in

sport.

2 Explain why correct footwear is important for the prevention of injury.
3 Outline the purpose of taping and braces.

APPLY your understanding
4 (a) Choose a sport and list all the protective equipment that is available for

playing that sport.
(o) Outline why each piece of equipment has been introduced.
(c) Explain the potential injury prevented by each piece of equipment.
(d) Outline how each piece of equipment protects the athlete.
(e) Nominate whether the equipment is compulsory or optional.
Practical activity: taping
The aim of this activity is to teach students how to tape a sports injury.
Equipment
© rolls of thick (38 mm) and thin (12 mm) masking tape
© undertape (to protect skin and hair)
Method
Instructions on taping an ankle can be viewed using the ‘How to tape’ eLesson
in your eBookPLUS.
Listen to the instructions and then complete the following.
(@) In pairs, discuss the main points concerning the taping of the ankle.
(b) Use the masking tape to tape your partner’s ankle.
(c) Swap over so your partner can tape your ankle.
Results

Compare your taping efforts with other class members and have the teacher
assess your efforts and give feedback.

eLesson
How to tape
Searchlight ID: eles-2580
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CHAPTER 4 REVISION

© yellow identify the action
word

© pink key terminology
© blue key concepts

© light grey marks/marking
scheme

STRATEGIES TO DECODE
THE QUESTION

© Identify the action words:
a. Classify — organise into a
group of similar types
b. i. Explain — to make
the meaning of
something clear and
understandable
ii. Describe — provide a
detailed account of
c. Discuss — to go into detail
about the characteristics of
a key concept
© Key terminology:
Injury — type and/or cause
of injury
Preventative — what can be
used to reduce the risk of an
injury occurring
© Key concept/s:
Injury classification — must
answer using the recognised
classification system of injuries
(acute, chronic or overuse)
Cause of injury —
identification of what could
happen during an activity to
cause an injury to occur
Preventative measures —
methods that can be used to
reduce the risk of an injury
occuring
© Marking scheme - a. 2 marks
b. 1+1 = 2 marks c. 2 marks —
always check marking scheme
for depth of response required,
linking to key information
highlighted in the question.

HOW THE MARKS
ARE AWARDED

a. i &ii 1 mark each for correct
classification of injury
b. i 1 mark for explaining why a
tear occurs
i 1 mark for providing
another example of how a
tear might occur in cricket
c. 1 mark - identification of a
preventative measure
1 mark - discuss how the
measure could reduce the risk
of back injury reoccurrence.

KEY SKILLS

© Examine a variety of causes of musculoskeletal injuries

© Describe and implement the correct application of techniques and physiological strategies
in a variety of sporting activities to maintain optimal functioning of the musculoskeletal
system

UNDERSTANDING THE KEY SKILLS

To address these key skills, it is important to remember the following:

© injuries can be classified as acute, chronic and overuse

© injuries can be caused by an external force (direct contact) or an internal force (indirect
contact) and can affect the hard or soft tissue of the body

© physiological strategies to prevent injury include physical preparation of the athlete,
warm-up and cool-down

© physical aids such as protective equipment, taping and bracing can support the optimal
functioning of the musculoskeletal system.

PRACTICE QUESTION (adapted from ACHPER 2015 Unit 1 exam, question 1)

Australian Cricket Captain Michael Clarke’s 2014-15 summer was hampered by a number
of injuries. During day one of the First Test in Adelaide, Clarke was forced to retire hurt by a
degenerative back condition after he twisted to avoid a ball. Clarke has three degenerative
discs in his lower back that were first diagnosed when he was a teenager.
Clarke then suffered a tear in one of the tendons of his right hamstring while performing an
off-balance throw fielding a ground ball on day five of the test.
1 a. Classify each of Clarke’s injuries described above. (2 marks)
i. Back injury
ii. Hamstring injury
b. i. Explain why a tear such as that experienced by Clarke in his right hamstring
occurs. (1 mark)
ii. Other than the fielding example above, describe an example of how this type of
injury could happen whilst playing cricket. (1 mark)
c. Discuss a preventative measure that Clarke could have taken to reduce the risk of his
back injury reoccurrence. (2 marks)

Sample response

a. i. Chronic injury
ii. Acute injury

b. i. Tears occur when connective tissue, in Clarke’s case a hamstring tendon, is excessively

stretched due to not being able to handle the stress placed on it.
ii. Examples could include accelerating quickly:

— to run between the wickets while batting

— during a bowler’s runup to bowl.

c. Answer must relate to preventative measures such as warm-up, physical preparation, taping.
e.g. Appropriate level of physical preparation to ensure that his body is able to cope with the
demands of batting, bowling and fielding for cricket, particularly minimising the risk of injury
as a result of fatigue

PRACTISE THE KEY SKILLS

1 Describe each of the three classifications of injuries and how they occur.

2 QOutline a physiological strategy that could be untilised to reduce the risk of sustaining an
injury in physical activity, sport and exercise.

3 Discuss two physical aids that could be used to prevent injuries in sport.

KEY SKILLS EXAM PRACTICE

1 Identify a direct, indirect and overuse injury that may be included in the most common
reasons for basketball hospitalisations shown in the following graph.

Direct

Indirect

Overuse

3 marks
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Hospitalised basketball and netball injuries, June 2006

Other
Head
Neck
W Basketball
Shoulder & upper arm Netball

Elbow & forearm

Wrist & hand

Site of injury

Trunk
Hip & thigh
Knee & lower leg

Ankle & foot

| I 1 I 1 I 1
0 100 200 300 400 500 600

Number of hospitalisations
Source: Flood L. and Harrison J. (AIHW National Injury Surveillance Unit), 2006. ‘Hospitalised basketball and netball
injuries’, NISU briefing no. 3. Cat. no. INJ 84. Canberra: AIHW.

2 According to the AIHW Australian sports injury hospitalisations 2011-12 report, all codes
of football combined accounted for around one-third of all hospitalisations (34 per cent).
The types of injuries sustained are outlined in the graph below.

20

100 I W=
JEEBE

80 B Internal organ or
§ . . vessel of trunk
g 60 - . Intracranial injury
E I Soft tissue injury
.19: Dislocation
o 40 - .
g Fracture
a

0 -

Rugby I Rugby IF(ugby, IAustralianl Soccer l Touch

union league unspecified Rules football football
Football code

a. From the graph, identify the most common type of injury sustained across all football
codes. 1T mark

b. Classify the type of injury identified in part a. 7 mark

According to the graph, soft tissue injury is most common in which sport? 1 mark

. State the types of soft tissue injuries that may occur in this sport and suggest a reason

as to how these injuries might occur. 4 marks

e. Outline a preventative measure that could be used in all football codes that could

reduce the incidence of soft tissue injuries. 2 marks

CHAPTER REVIEW

CHAPTER SUMMARY

© Sports injuries can be classified as acute, chronic or overuse. Injuries can be sustained
through direct contact, such as an external force, or indirect contact, such as an internal
force.

ao
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Injuries occur to soft tissue such as skin, ligaments, tendons and muscles; and to hard

tissue such as bones. Common types of injuries include cuts, abrasions, tears, strains,

sprains, bruising, fractures and dislocations.

Measures can be taken to minimise the risk of injuries occurring in sport and to make the

return to training as efficient as possible.

Musculoskeletal conditions affect the bones, muscles, joints and ligaments of the body and

often limit the capacity and mobility of an individual.

The most common illnesses and conditions in Australia affecting the musculoskeletal

system include arthritis, osteoporosis and back pain.

Arthritis is characterised by inflammation around the joints, causing pain and stiffness. The

most common forms are juvenile arthritis, osteoarthritis and rheumatoid arthritis.

Osteoporosis is characterised by the thinning and weakening of bone and is more common

in women and people over 55 years of age.

Back pain can affect bones, joints, tissues and nerves of the back and often stems from

overuse, injury, weakness, degeneration or postural misalignment.

Common preventative measures for musculoskeletal conditions include participation in

regular physical activity, maintenance of healthy body weight, limiting sedentary behaviour

and eating a nutritious diet.

© Sports injury prevention includes the following strategies: pre-participation screening;
physical preparation of athletes; an appropriate warm-up and cool-down; use of protective
equipment; correct footwear; taping and the use of braces.

© The structure of training programs and the types of recovery techniques have a significant
role to play in the prevention of sports injuries.

© Protective equipment is most effective if it is worn during training and games, it fits

correctly, it is specific and appropriate for the sport, size and age of the athlete and is

regularly checked and maintained.

©O 0 0 0 0 0 o

MULTIPLE CHOICE QUESTIONS
1 A muscle strain is an example of

(A) an acute injury. (C) an overuse injury.
(B) a chronic injury. (D) a direct injury.
2 Excessive movement of a joint is most likely to result in which type of injury?
(A) Contusion (C) Dislocation
(B) Laceration (D) Fracture
3 Which of the following is an example of an overuse injury?
(A) Broken wrist (C) Concussion
(B) Shin splints (D) Muscle sprain
4 The most common form of arthritis is
(A) juvenile arthritis. (C) rheumatoid arthritis.
(B) osteoporosis. (D) osteoarthritis.
5 Risk factors for developing osteoporosis include
(A) sedentary behaviour. (C) increasing age.
(B) poor calcium intake. (D) all of the above.

6 A common preventative measure against developing illnesses affecting the
musculoskeletal system is
(A) regular participation in physical activity.
(B) consuming a diet high in calcium.
(C) maintaining poor posture.
(D) protecting your back when lifting heavy objects.
7 Which of the following is not an important consideration for the physiological preparation
of an athlete in injury prevention?
(A) Warm-up (C) Taping a joint
(B) Cool-down (D) Appropriate fitness levels
8 The role of pre-participation screening is to
(A) check your strengths and weaknesses.
(B) determine medical history that could impact on physical activity.
(C) improve your questionnaire skills.
(D) see how fit you are.
9 A helmet is a preventative measure to reduce the risk of what type of injury to the head?
(A) Contusion
(B) Dislocation
(C) Concussion
(D) Sprain
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10 Taping can assist in the prevention of injuries to a joint via
(A) enhancing movement around a joint.
(B) restricting movement around a joint.
(C) stopping movement around a joint.
(D) all of the above.

EXAM QUESTIONS

Question 1
The following graph outlines the body regions injured across a range of sports, for
which hospitalisation was required in 2011-12.
Head
Neck
Trunk
.2, Shoulder & upper arm
Elbow & forearm
Wrist & hand
Hip & thigh
Knee & lower leg
Ankle & foot

Other and unspecified

Body region injured

T T T T T 1
0 2000 4000 6000 8000 10000 12000

Number of cases

a. From the graph, identify the most common body region injured. 1 mark

b. Identify a direct, indirect and overuse injury that may occur to the
body region identified in part a. 3 marks

Direct:

Indirect:

Overuse:

c. Outline a preventative measure that could be used to reduce the likelihood
of an injury occurring in the body region identified in part a. 2 marks

Question 2 (adapted from ACHPER Trial Exam 2014, section 1 and 2)

Identify and justify what type of injury would be most common in
rugby and other contact sports. 2 marks

Question 3 (adapted from ACHPER Trial Exam 2014, section 1 and 2)

There are many arguments that highly physical sports such as rugby should
separate junior competitions based on weight and not age.

Discuss how this may lead to decreased injuries.

Question 4

Injuries to the knee and ankle are common in basketball. For each of the following
areas, describe a preventative measure that could be implemented to reduce the
number of knee or ankle injuries to the members of a basketball team:

a. training b. equipment. 2 marks
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INQUIRY QUESTION

What legal and illegal substances and
methods can be used to enhance the
performance of the musculoskeletal
system to improve the strength, power and
speed of an athlete?




CHAPTER

Performance

enhancement of the
musculoskeletal system

Legal and illegal performance-enhancing substances and methods are used
by many athletes to give them an advantage over the competition. As well as
providing benefits to the athlete, they may also potentially harm the athlete.

KEY KNOWLEDGE

© Actual and perceived benefits and potential harms of legal and illegal substances and
methods that enhance performance of the musculoskeletal system, such as training,
nutritional supplements, creatine supplementation and hormones (including steroids
and growth hormones)

© The ethical and sociocultural considerations of legal and illegal practices associated
with enhancing the performance of the musculoskeletal system in sport

KEY SKILLS

© Investigate, evaluate and critically analyse a range of performance-enhancing practices
from a physiological perspective

© Discuss the ethical considerations and sociocultural influence on the use of legal and
illegal practices associated with improving the function of the musculoskeletal system

CHAPTER PREVIEW

Performance
enhancement of the
musculoskeletal system

I
y y !

Benefits and harms
Ethical and sociocultural

influences
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methods strategies Growth hormone




5-1 Performance-enhancing substances and methods

>

KEY CONCEPT Performance enhancement includes any method, device
or substance that has the potential to improve athletic performance. These

enhancements can be legal, such as training methods or naturally occurring food
sources, or they can be illegal, such as synthetically manufactured hormones.

—1\ study[]]

Performance enhancement
includes methods, devices

or substances that enhance
athletic performance.
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FIGURE 5.1 Specially designed

clothing can help athletes improve

their performance.

A number of practices are employed by athletes today to enhance their performance

and assist with training and recovery. Performance-enhancing methods and substances

are used by many athletes and are thought to improve performance by:

© influencing the physiological capacity of a particular body system (e.g. use of creatine
supplementation to increase creatine stores in the muscle for replenishment of ATP)

© removing physiological constraints that impact on performance (e.g. use of
diuretics to reduce body weight so the athlete is lighter or makes a weight category)

© increasing the speed of recovery (e.g. use of compression garments to increase
blood flow and removal of wastes).
Performance-enhancement techniques can be categorised as mechanical, nutritional,
pharmacological, physiological or psychological depending on what the substance or
method does and how it interacts with the body to enhance performance. Examples
for each of these categories include:
© mechanical — devices including heart rate monitors, weights, sports clothing and
footwear, and equipment
© nutritional — food sources including caffeine, creatine and sports drinks
© pharmacological — synthetically produced drugs including anabolic steroids, beta
blockers and amphetamines

© physiological — practices and use of naturally occurring products including blood
doping, EPO, human growth hormone

© psychological — methods including imagery, meditation, music, relaxation.

o TEST your understanding
: 1 Define the term performance enhancement.

2 List the five categories of performance-enhancement techniques and include
three examples for each category.

APPLY your understanding
3 (a) ldentify the ways performance-enhancement techniques are thought to
improve performance.
(b) For each way identified in part (a), suggest types of athletes who may use
performance-enhancement techniques to gain these improvements.
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5 Legal substances and methods: training methods and
u

mechanical aids

KEY CONCEPT There are a variety of ways to legally enhance performance. One of
the most obvious legal methods is through specific training methods and aids.

As previously discussed, the musculoskeletal system has an important role in body
movement, as well as creating energy for movement. Muscles attach to bones to create
movement and the reactions that take place with the muscle determine how hard, fast
or long we can work. The musculoskeletal system contributes to both aerobic and
anaerobic energy production.

A variety of training methods and aids can be used by athletes and coaches to
enhance performance of the musculoskeletal system. By determining the relevant
fitness components, energy systems and muscles used in each sport, athletes and
coaches can decide on the best method to improve an athlete’s performance.

Training methods that can specifically enhance performance of the musculoskeletal
system include:
© anaerobic training methods such as resistance training, plyometric training and short,

intermediate or high intensity interval training to develop power, strength and speed
© aerobic training methods such as continuous training, fartlek or long-interval

training to develop endurance.

Through specific training a number of chronic muscular adaptations occur to
enhance an athlete’s performance. These are outlined in table 5.1.

TABLE 5.1 Chronic muscular adaptations of anaerobic and aerobic training

Chronic adaptation Benefit to performance Potential harms
Anaerobic Muscular hypertrophy Increased strength, Risk of injury
training Increased number and power and/or speed via: due to:

size of myofibrils Greater strength and force Lack of adequate

Increased stores of created by the muscle fitness

ATP, CP and glycogen Greater capacity to produce Incorrect

Increased glycolytic energy quickly application of

capacity Faster speed of muscle training principles

Increased speed of contraction Not enough

contractions Greater ability to continue to ~ "€covery

Increased tolerance work at higher intensities Too heavy

to accumulation of Increased capacity to resistance

metabolic by-products tolerate by-products and Incorrect

delay the onset of fatigue technique

Overtraining

Aerobic Increased size and Increased endurance via:  Risk of injury
training number of mitochondria  Greater capacity to produce ~ due to:
Increased myoglobin energy due to more sites for Lack of adequate
Increased stores aerobic energy production fitness
of glycogen and Greater capacity to work for Incorrect
triglycerides longer due to greater fuel application of
Increased capacity to availability training principles
oxidise glucose and Ability to work aerobically at Not enough
fats higher intensities for longer recovery
Increase a-VO, Delayed lactate Incorrect
difference inflection point (LIP) technique
Decreased use of the therefore decreased Overtraining
anasrobic glycolysis reliance on anaerobic
system energy systems

of the long-term responses of
body systems, developed over
a period of time in response

to a training program.
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FIGURE 5.2 A variety of methods can be used to train the musculoskeletal system, both anaerobic and aerobic training.

Resistance training aims to build
muscle strength, muscle power

or local muscular endurance by
exercising muscles or a group of
muscles against a resistance.

FIGURE 5.3 Resistance training
methods involve different types of
muscle contractions: (a) isoinertial
free weight training (b) isometric
training.

Anaerobic training methods

Resistance training

Resistance training involves exercising a muscle or group of muscles against a
resistance. It is the most common training method used to develop muscular strength,
power or endurance.

The main physiological effects of using resistance training to enhance the
performance of the musculoskeletal system include:
© increased muscle size, mass and fuel stores
© increased bone density and strength.

These changes benefit the performance of the individual as they lead to an increased
capacity to produce the greater strength and/or power required to run faster, throw or
kick further, or jump higher in their chosen sport.

While resistance training is a very good way to develop the musculoskeletal system,
athletes need to consider the potential harms from engaging in this type of training.
Harms can include:
© overtraining — not allowing enough recovery between sessions for the muscles to

repair and grow
© injury — lifting too heavy a weight or using incorrect technique, placing stress on

muscles, bones and joints.

As discussed in chapter 3, muscle contractions are classified according to the
movement they cause:
© dynamic (concentric, eccentric, isokinetic, isoinertial) and
O static (isometric).

Resistance training methods are based on each of these classifications and can
involve the use of free weights, machine weights and body weight.
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Mechanical aids to resistance training

In addition to the traditional use of dumbbells, barbells and weighted machines,
resistance training can also incorporate a variety of mechanical aids. These aids can
include tyres, parachutes, elastic cords and weighted vests. These aids aim to provide
added resistance while completing sport-specific movement, such as running, to
develop strength and power specific to the muscles used in the activity.

FIGURE 5.4 Mechanical aids such as parachutes, tyres and resistance cords can be used to
assist resistance training.

Plyometric training

The aim of plyometric training is to increase muscular power by first stretching a
muscle (eccentric contraction) and then contracting it (concentric contraction) in the
shortest time possible.

This training method takes advantage of the stretch-shortening cycle or the stretch
reflex. This is where the body attempts to resist the sudden change in muscle length
by calling on the stretched muscle to contract, and thus prevent the suddenly
stretched muscle from tearing. Essentially, plyometrics trains this reflex to develop
a more powerful contraction of the muscle. The benefit of this type of training is it
allows the athlete to produce more explosive power when running, jumping, kicking
or throwing, depending on the muscles focused on.

Because plyometric exercises can create so much muscular power, potential harms
relate to the safety and appropriateness of the exercises being performed and specific
guidelines should be followed. These exercises can place considerable stress on the
body and joints and are not recommended for individuals with poor fitness levels.
Individuals should start with low-impact activities before progressing to those which
place greater stress on the body. If not completed correctly and without adequate
fitness or recovery, plyometric training has the potential to cause injury through
tearing of the muscles.

Examples of plyometric exercises are shown below.

Low impact drills, such as:
© skipping with and without a rope
© doing low hops, step and jumps
© throwing a light (2.5 kg) medicine ball (see figure 5.5a),

High impact drills, such as:
© bounding with alternate legs
© clap pushups (see figure 5.5b)
© jumping on, over and from benches that are 35 cm high
© throwing a heavy medicine ball (above 4 kg).

Plyometric training aims
to increase muscular power
by first stretching a muscle
then contracting it in the
shortest time possible.

study()

Anaerobic
training
Concept

A summary
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Interval training consists of
intervals of work followed by
intervals of rest or recovery.

High-intensity interval training

(HIIT) involves repeated bouts of
high intensity efforts followed by

varying periods of complete rest

or recovery at a lower intensity.

FIGURE 5.5 Plyometric training exercises: (a) Low impact medicine ball throw and (b) high
impact clap pushup

Interval training: short, intermediate and high intensity
interval training (HIIT)

Interval training involves set periods of work followed by set periods of rest or
recovery repeated several times in an exercise session. This type of training allows for
repeated high-intensity work periods that improve speed, power, anaerobic capacity
and agility. Interval training can be used to develop all three energy systems depending
on the manipulation of the work and rest periods and the intensity the repetitions are
performed at. The types of interval training specific to the anaerobic enhancement of
the musculoskeletal system are outlined in table 5.2.

TABLE 5.2 Summary of interval training types

Interval Energy Work Work-to-rest Suitable

type system intensity ratio sports

Short ATP-PC 95%+ MHR 1:5 100-metre sprints,

team sports

Intermediate Anaerobic 85%+ MHR 1:3 200-metre sprint,
glycolysis team sports

High Anaerobic 80%+ Varied depending Any

intensity and aerobic MHR to on aim of session

(HIT) energy maximal 2:1,1:1
systems

The benefit of short and intermediate interval training for the athlete is through
the adaptations that occur at the muscular level allowing them to run faster through
improved speed, power and anaerobic capacity. This type of training is useful for team
sports where the work-to-rest ratio can resemble that of a game situation, with intense
bursts of speed followed by periods of recovery.

The addition of high-intensity interval training (HIIT) into training programs has
increased in recent times. HIIT involves repeated bouts of high intensity efforts
(90-95%+ HR max) followed by varying periods of complete rest or recovery at
a lower intensity (40-50% HR max). HIIT can be adapted from traditional cardio
activity to resistance training where the athlete will use explosive effort to move a
resistance. These efforts range from 5 seconds to 30 seconds of work, with complete
rest recovery in between.
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Potential harms of these types of interval training include increased risk of injury
due to inadequate fitness levels and incorrect application of training principles,
including not allowing enough recovery for the body to adapt between sessions.

Aerobic training methods: benefits and harms

As identified in table 5.1, aerobic training produces a variety of chronic muscular
adaptions to enhance performance. These adaptations allow for greater energy
production, especially when working at higher intensities. However, the critical factor
in improved performance relates to the efficient delivery of oxygen to the working
muscles via the cardiorespiratory system. This aspect will be discussed in depth in
chapter 9, ‘Performance enhancement of the cardiorespiratory system’. Training
methods most suited to aerobic energy production are briefly outlined in table 5.3.

TABLE 5.3 Summary of continuous training methods

Training type Description

Continuous Continuous activity that lasts a
minimum of 20 minutes at the
required sub-maximal (70-85%
HR max) intensity

Fartlek Continuous activity that involves

surges of higher intensity
throughout the session

Long interval
training

Intervals lasting between

1-6 minutes. Work periods
sub-maximal intensity closer
to 85% HR max. Rest periods
passive or active at lower
intensity.

Work-to-rest ratio 1 : 1 or below

Example

Runners, swimmers or cyclists
exercising continuously for
30 mins at 80% HR max

Changes in intensity can be simply
an increase in pace or running up
a hill.

Middle distance runner — run
4 min 85% HR max, rest 4 min

FIGURE 5.6 Continuous training increases the number and size of mitochondria in the muscle

to produce energy for aerobic activities.
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° TEST your understanding

’ 1 Describe each of the legal training methods that can be used to enhance
H musculoskeletal performance. :

2 Outline the actual and perceived benefits and potential harms from participating
in a resistance training session.

3 Explain how plyometric training makes use of the stretch reflex to increase
muscular power.

4 Discuss the ways aerobic training can enhance the performance of the
musculoskeletal system.

Interactivity
Anaerobic or aerobic
Searchlight ID: int-6636

APPLY your understanding
5 Explain why an athlete might use a mechanical aid in addition to normal
training. Provide specific examples.
6 Practical activity: plyometrics session
Participate in the following plyometrics training session. Make sure you have
completed a thorough warm-up prior to completing these exercises. For each
exercise, perform at a low level with ten repetitions. Recovery of one minute
between each exercise.
© Squat jumps
© Mountain climbers
© Alternate leg bounds
© Power skipping
© Lateral (side) jumps
(@) Discuss the way in which plyometrics can improve the performance of the
musculoskeletal system.
(b) Outline potential harms of this type of training and link these harms to
suggested safety considerations.
(c) Design your own plyometrics training session for a sport of your choice.
Consider skills required and muscles used when choosing the activities.
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KEY CONCEPT: Nutritional supplements are commonly used by athletes to enhance
performance, however an athlete needs to be aware of the potential doping risks
associated with the ingestion of such products.

Nutritional supplements have been developed for athletes over the years in an effort Nutriti

. . . . utritional supplements are
to assist the athlete to gain an edge over their competitors. Unfortunately, a number ¢, 4 o, preparations ingested
of these supplements have no real scientific credibility and the long-term effects of  in excess of those consumed
using them have not yet been fully researched. In addition, any supplement may carry  inanormal diet to supplement
a drug or doping risk. It is the athlete’s own responsibility to avoid breaking the  orincrease the amount
anti-doping rules. On the other hand, nutritional supplements can play some part in ~ ©f nutrients available.
assisting the athlete to reach their peak performance.

FIGURE 5.7 Dietary supplements
may be of benefit if specific
nutrients are lacking in the diet.

Nutritional supplements can be divided into three broad groups:

1. Specialised sports foods. These address an athlete’s specific nutritional needs and include
sports drinks, sports bars or gels, and liquid-meal supplements. Athletes find that
these products can be a useful addition to their specialised nutrition program, in that
they are practical and convenient to incorporate into any training regime.

2. Dietary supplements. Even through the rigours of regular training and competing,
the athlete should not require supplements, provided they have a well-chosen
diet that addresses their daily energy intake. Supplements are really only required
if a specific nutritional deficiency is identified. For example, calcium and iron
supplements are sometimes advised for female endurance athletes.

3. Performance supplements. These benefit performance and/or recovery from exercise.
Research has found that the benefits claimed by very few so-called nutritional
performance supplements are actually supported by scientific evidence and as
such these aids should be used with caution. There is some support, in certain
circumstances, for the use of caffeine, creatine and bicarbonate being of benefit to
the athlete.

The Australian Institute of Sport (AIS) provides information for athletes to inform
them of the appropriate use of nutritional supplements. It also educates them in
respect to anti-doping regulations as they apply to nutritional supplements.

The AIS uses the ABCD classification system to identify sports supplements and/or
ergogenic aids that can be used by athletes, and categorises them according to the
amount of scientific evidence available to support their use. Table 5.4 on page 98 gives

. - Weblink
a summary of these categories or groupings. Currently, only group A supplements AIS nutrition

have scientific backing and are supported by the AIS for use by its athletes.
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TABLE 5.4 A guide to sports supplement groupings

Supplement Definition of

grouping grouping

A Evidence:
Supported for

use in specific
situations using
evidence-based
protocols.

Nutritional
supplements

summary
Ta 5
opie and practice

Concept 4 questions

B Evidence:
Deserving of
further research
and could be
considered for
provision to
athletes under
a research
protocol or
case-managed
monitoring
situation.

C Evidence:
Have little
meaningful proof
of beneficial
effects.

Not provided to
athletes within
supplement
programs.

D Evidence:
Banned or at
high risk of
contamination
with substances
that could lead
o a positive drug
test.

Should not be
used by athletes.

Subcategory

Sports foods

Medical supplements

Performance
supplements

Food polyphenols

Other

Category A and B
products used outside
approved protocols

The rest — if you can’t
find an ingredient or
product in groups A,
B or D, it probably
deserves to be here.

Stimulants

Prohormones and
hormone boosters

GH releasers and
peptides

Other

Examples

© Electrolyte replacement
O Liquid meals

© Sports bars

© Sports confectionary
© Sport drinks

© Sports gels

© Whey protein

© Calcium

© Iron

© Multivitamins/minerals
© Probiotics (gut/immune)
© Vitamin D

© B-alanine

© Bicarbonate
© Beetroot juice
© Caffeine

© Creatine

© Curcumin

© Exotic berries (acai,
goji etc.)

© Quercetin

© Tart (Montomorency)
cherry

© Antioxidants C and E
© Carnitine

© Fish oils

© Glucosamine

© Glutamine

© HMB

© See lists for category A
and B products.

© Ephedrine

© Strychnine

© Sibutramine

© Methylhexanamine
(DMAA)

© Other herbal stimulants

© DHEA

© Androstenedione

© 19-norandrostenione/ol
© Other prohormones

© Glycerol — banned as a
plasma expander
© Colostrum

Source: Adapted from The Australian Institute of Sport.
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TEST your understanding

1 Define what constitutes a nutritional supplement.

2 Outline the Australian Institute of Sport (AIS) ABCD classification system and
explain why it exists.

APPLY your understanding
3 Nutritional supplements can be divided into three broad groups. List and
outline each of the groups, including examples. Suggest athletes or sports
that might use these supplements.
4 Choose one of the supplements identified in table 5.4 and use the internet to
research:
© what the supplement is
© the type of athlete/sport this supplement may be beneficial for
© the form the supplement comes in
© how to consume the supplement
© actual and perceived benefits of consuming the supplement
© potential harms related to the supplement
© any other relevant information.

CHAPTER 5 ¢ Performance enhancement of the musculoskeletal system

99



0.

Specialised sports foods, methods and

dietary supplements

KEY CONCEPT Specialised sports foods and dietary supplements are useful
in providing a practical alternative to food when food cannot be consumed or

if a specific nutritional deficiency is identified.

eLesson

Professor Louise Burke, Head of
Nutrition, Australian Institute of
Sport, discussing supplements
Searchlight ID: eles-2571

The glycaemic index is a
ranking of carbohydrates on a
scale from 0 to 100 according

to the extent to which they raise
blood-glucose levels after eating.

FIGURE 5.8 Rate of release of
glucose for foods with a high and
low glycaemic index

Nutritional supplements play an important role in fuel supply, delaying fatigue and
assisting recovery. They can be consumed prior to, during or after a training bout or
competition to aid the athlete. Specialised sports foods, methods and supplements
that can enhance the performance of the musculoskeletal system are outlined below.

Carbohydrates

Carbohydrates are the major fuel required for activities of high intensity as well as sub-
maximal, prolonged duration. The body can store only a certain amount in the liver
and muscles, therefore it is important for an athlete to make sure they have adequate
supplies and continue to consume enough carbohydrates to maintain availability for
energy production. The following discusses methods as well as specialised sports food
that may be used by athletes to meet the fuel needs and enhance the performance of
the musculoskeletal system.

Application of the glycaemic index

Glycaemic index (GI) is a ranking of carbohydrates on a scale from 0 to 100 according
to the extent to which they raise blood-glucose levels after eating. Foods that have a
high glycaemic index (70 and above) are those that are rapidly digested and absorbed
and result in a rapid increase in blood glucose levels. Foods with a low glycaemic
index (55 or less) are slowly digested and absorbed and produce gradual rises in
blood glucose and insulin levels (see fig 5.8).

== High glycaemic index

- Low glycaemic index

Blood-glucose level

T T T T
30 60 90 120

Time (minutes)

Knowledge of the glycaemic index allows athletes, coaches and sports dietitians to
determine what carbohydrate foods to eat and when to eat them. This is particularly
important for sub-maximal endurance athletes where glucose is the main fuel for
replenishment of ATP.

Low-GlI foods are suggested pre-event to maximise stores and provide a sustained
release during activity, whereas high GI foods are recommended during activity to
replace and top up stores, as well as after activity to replace depleted stores quickly.
Manipulated correctly, application of the glycaemic index will benefit the athlete
by optimising their carbohydrate availability for energy production and thereby
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optimally enhancing their performance and recovery. It is worth noting that not all
athletes respond positively and may experience gastrointestinal upset or bloating in
response to the consumption of carbohydrates.

Table 5.5 is a guide to the glycaemic index of many common carbohydrate foods.

TABLE 5.5 Average glycaemic index of some common carbohydrate-rich foods

Glycaemic index

Food (glucose = 100)
High glycaemic index Rice crackers 87
Cornflakes 81
Porridge, instant oats 79
Potato, boiled 78
Watermelon 76
White bread 75
White rice, boiled 73
Moderate glycaemic index Popcorn 65
Sweet potato, boiled 63
Honey 61
Soft drink 59
Pineapple 59
Muesli 57
Porridge, rolled oats 55
Low glycaemic index Sweetcorn 52
Pasta, white 49
Orange 43
Chocolate 40
Milk, full fat 39
Apple 36
Lentils 32

Source: Copyright ©2008 American Diabetes Association. From: ‘Diabetes Care’, December 2008 31:2281-2282.
Reprinted with permission from The American Diabetes Association.

Carbohydrate loading

Carbohydrate loading is a method typically used by endurance athletes competing in
events lasting longer than 90 minutes (marathons, triathlons, cross-country skiing)
to maximise carbohydrate (glycogen) stores in the muscle and liver. Additional
carbohydrates are consumed prior to the event to increase stores by 50-100 per cent
above normal resting levels.

Consumption of 7-12 grams of carbohydrate per kilogram of body mass, along
with tapering for 36-72 hours prior to the event, is the most successful strategy
for increasing the muscle glycogen stores in endurance athletes. During the event,
athletes are also recommended to consume small amounts of carbohydrates (30-60 g
per hour) to delay the depletion of stores.

The benefit to the athlete from carbohydrate loading is that they are able to exercise
at optimal pace for longer, due to increased availability of glycogen stores. However,
this strategy does not work for all athletes and potential harms include bloating,
weight gain and gastrointestinal discomfort. A sample carbohydrate loading suitable
for a 70 kg athlete is outlined in table 5.6 on page 102.

Interactivity
Glycaemic index
Searchlight ID: int-6637

Glycaemic

_| study(J])
index and
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Carbohydrate loading involves
the manipulation of training and
nutrition prior to endurance
events to maximise muscle
glycogen (carbohydrate) stores.
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FIGURE 5.9 Specialised sports
foods that address specific
nutritional needs of the athlete

Sports gels and bars are
fortified foods containing a
blend of carbohydrates and
protein to provide a large
boost of fuel in one serving.

Liquid-meal supplements are
supplements typically
containing a carbohydrate-

rich, protein-moderate, low-fat
powder formula that can be
mixed with water or milk.

TABLE 5.6 Sample carbohydrate loading meal plan

Breakfast 3 cups of low-fibre breakfast cereal with 12 cups of reduced fat milk
1 medium banana
250 mL orange juice
Snack toasted muffin with honey
500 mL sports drink
Lunch 2 sandwiches (4 slices of bread) with filling as desired
200 g tub of low-fat fruit yoghurt
375 mL can of soft drink
Snack banana smoothie made with low-fat milk, banana and honey cereal bar
Dinner 1 cup of pasta sauce with 2 cups of cooked pasta
3 slices of garlic bread
2 glasses of cordial
Late snack toasted muffin and jam

500 mL sports drink

This sample plan provides approximately 14 800 kd, 630 g carbohydrate, 125 g protein and
609 fat.

Source: Written by the AIS Department of Sports Nutrition, last updated June 2009.
@ Australian Sports Commission

Sports gels

Sports gels are a compact, solid source of carbohydrate designed to provide a large
boost of fuel in one serving. They are easily consumed and digested quickly, allowing
a more concentrated intake of carbohydrate (60-70 per cent), which is beneficial
both during and after activity to replenish depleted stores in the muscle. Sports gels
can vary in flavour, consistency, type and amount of carbohydrates in the gel. Other
ingredients such as electrolytes and caffeine may also be present in the sports gel.
Due to their highly concentrated form, sports gels should be consumed with water
or similar fluids to reduce the risk of gastrointestinal upset. Athletes are advised to
experiment with gels during training sessions to assess tolerance prior to competition.

Sports bars

Like sports gels, sports bars provide a compact and practical source of carbohydrates
to boost fuel levels pre-, during and post-activity and replenish fuel stores at the
muscle site. As well as containing a high concentration of carbohydrates, sports bars
often contain protein and micronutrients. They are similar to muesli or cereal bars,
having a chewy consistency and can be coated with chocolate or include nuts and
grains. A concern with sports bars is overuse and the replacement of nutritious whole
food with the convenience of a bar. Again, athletes are advised to experiment with
bars during training sessions to assess tolerance prior to competition.

Liquid-meal supplements

Liquid-meal supplements are supplements typically containing a carbohydrate-rich,
protein-moderate, low-fat powder (or liquid) that can be mixed with water or milk.
They often include additional sources of vitamins, minerals and essential amino acids.
Liquid meal supplements can be purchased as ready-to-drink or in powder mix. They
can vary in flavour, fat and fibre content and in the amount of protein, carbohydrates,
vitamins and minerals present.

This compact form of energy is especially useful for athletes who are aiming to
increase lean body mass, coping with demanding training programs or undergoing
growth spurts. Liquid meal supplements are also useful as a post-exercise recovery
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snack to replace fuel and promote repair of muscle cells. A concern with liquid
meal supplements is overuse and the replacement of nutritious whole food with
the convenience of a drink, as well as overconsumption of kilojoules and unwanted
weight gain.

Hydration

Adequate hydration is very important for an athlete to maintain and even enhance
their performance. Depending on the type of fluid an athlete consumes, they have
the potential to rehydrate as well as refuel. Hydration can assist the musculoskeletal
system to function at optimal levels and reduce the potential for fatigue via dehydration
and depletion of energy stores. Dehydration, via the loss of water and electrolytes,
interferes with the ability of the muscles to contract, thus decreasing performance.
Depletion of energy stores, specifically glycogen, limits the capacity of the muscles to
produce energy for contraction and the intensity at which the athlete can perform will
decrease.

Sports drinks

Sports drinks (carbohydrate—electrolyte drinks) provide both fluid and carbohydrate
to allow an athlete to rehydrate and refuel at the same time. These drinks are ideal to
consume before, during or after training and competition, and help delay the fatigue
that can be caused by dehydration and depletion of energy stores.

Sports drinks typically containing 6-8 per cent carbohydrate and 10-25 mmol/L
electrolyte (sodium and potassium) rapidly deliver both fluids and fuels when
consumed. The taste of sports drinks encourages athletes to increase fluid intake.
Electrolyte replacement, particularly sodium, helps to maintain the athlete’s desire to
drink, and can help to reduce further fluid loss through urination.

Concerns with the use of sports drinks relate to overconsumption and the
additional carbohydrates impacting on energy balance and displacement of other
nutrients. Sports drinks can also cause gastrointestinal discomfort for some athletes
and they can contribute to dental erosion, therefore minimal contact time with teeth
is recommended.

There are different types of sports drinks to meet the different needs of athletes.
These are outlined below.

TABLE 5.7 Types of sports drinks

Absorption

Type Content rate Example Suitable for

Isotonic 6-8 per cent CHO, Rapid Gatorade Widely used by most
10-25 mmol/L Powerade athletes
electrolytes

Hypotonic Low level CHO Rapid Water Athletes that require fluid
(<4 per cent), Mizone replenishment without
1-25 mmol/L CHO, e.g. jockeys
electrolytes (weight restriction

sports)

Hypertonic  High level of CHO Slow PowerBar Prolonged endurance

(>8 per cent) Isomax Ultra distance events

Highd Energy  note: need to be

Source consumed with water
Fruit Juice or isotonic drink for
Soft drink hydration
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FIGURE 5.10 Sports drinks can
be used to provide the athlete with
both fluids and fuels.

Vitamins are essential
components of a balanced diet;
they allow normal body growth

and maintenance by assisting
chemical reactions in the body.
Minerals are inorganic substances
in the body required for adequate
functioning of the body; they

are important components of
bone, muscle, skin and blood.

Calcium is a mineral found mainly
in the hard part of bones and

is essential for healthy bones.

It is also important for muscle
contraction, nerve transmission,
enzyme activity and blood clotting.

TABLE 5.8 Specialised sports foods

Potential
Nutritional harm or
supplement Composition Perceived benefit disadvantages
Sports gels Gel 30-40g 60-70 per cent  High concentration Expensive
sachets or CHO of CHO to top Concentrated
tubes up/refuel storesl for  GHO can cause
energy production  gastrointestinal
Reduce/delay upset
the effects of
fatigue due to fuel
depletion
Sports bars Bar 50-60g  40-50 g CHO High concentration  As per sports
5-10 g protein of CHO to top gels
up/refuel stores for Overconsumption
energy production  can impact on
Reduce/delay energy balance
the effects of
fatigue due to fuel
depletion
Liquid meal Powder (mix 1-1.5 keal/mL Post exercise Overconsumption
supplements  with water 15-20 per cent ~ fecovery shack to can impact on
or milk) protein replenish fuel and energy balance
Liquid promote repair of Unwanted weight
. 50-70percent 1 qcle cells i 9
CHO gain
Vitamins/ May displace
minerals: other whole
can supply foods
50-100 per cent
of RDI
Sports Powder Isotonic: Rehydration Overconsumption
drinks Liquid 6-8 per cent Replenishment can impact on
CHO of fuel (glucose) energy balance
10-25 mmol/L stores Gastrointestinal
sodium upset

Dental erosion

Vitamin and mineral supplements

Vitamins, which assist chemical reactions in the body (and thus help to release
energy from food), and minerals, which are important in muscle contraction, nerve
transmission, fluid balance and enzyme activity, are a very important part of an
athlete’s diet.

Eating a balanced diet ensures an adequate vitamin and mineral intake; however,
supplementation may be required to prevent or treat a dietary deficiency in
some athletes. This may be caused from dieting, not consuming a certain food or
food groups, or recovering from injury or illness. If there is no deficiency, use of
supplements has been shown to have no effect on performance enhancement and
excess consumption tends to be excreted by the body. Supplementation can take the
form of a multivitamin/mineral that contains a variety of vitamins and minerals, for
example Centrum, or a single-nutrient supplement such as calcium or iron.

Calcium

Calcium is important for muscle contraction, nerve transmission, enzyme activity
and blood clotting. It is also an essential component of bones and teeth. Calcium
requirements increase during childhood, adolescence, pregnancy and breastfeeding.
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Inadequate calcium intake may lead to low bone-mineral density and the risk of stress study(TD |
e

fractures. Calcium is important for athletes and those at risk include athletes with
an insufficient intake of dairy in their diet, those with a poor calcium balance due to Hydration,
malabsorption from the small bowel, and females with impaired menstrual function. vitamin and
Supplementation is recommended for athletes who may require more or who are at :::::-:nlnents
risk of not consuming enough calcium in their diet and is only recommended under Concept
medical supervision. (LTI summary
and practice
questions

o TEST your understanding
v 1 Outline how carbohydrate-based sports food can assist the performance of
i the musculoskeletal system. i
2 Discuss how knowledge of the glycaemic index of foods can help an athlete
optimise his or her performance.
3 Identify which specialised sports foods are suitable for post-exercise snacks.
Link each to a specific sport and explain why.
4 Discuss whether or not it is necessary for an athlete to consume supplements.
Provide specific examples.
5 Outline the differences between the three types of sports drinks.

APPLY your understanding
6 Compare and contrast sports gels, sports bars and liquid meal supplements.
7 Discuss the importance of hydration for an athlete and why an athlete would
consume a sports drink in preference to water.
8 Learning activity: sports supplements
Visit a supermarket or health food shop. Look at the range of
liquid-meal supplements, sports bars and sports gels and make a list of the
available supplements. Choose a product from each of these categories
(liguid-meal supplements, sports bars and sports gels) and answer the
following questions.
(@) What are the main ingredients and nutrients (in contents per 100 grams)?
(b) What are the claimed benefits?
(c) What is the most appropriate time to consume the supplement?
(d) What is the recommended intake during exercise and how does this compare
with the product content?
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KEY CONCEPT Performance supplements benefit performance and/or recovery
from exercise. Research has found that the benefits of very few so-called
performance supplements are actually supported by scientific evidence and as such
these aids should be used with caution.

Protein supplements

Protein is a popular nutritional supplement used by many athletes, due to its function
in the growth and repair of muscle tissue and cells. Protein can be found naturally
in foods such as red meat, poultry, nuts, eggs and legumes as well as a formulated
. supplement in the form of a drink, bar or powder.
Protein supplements are Protein supplements can assist performance of the musculoskeletal system through
nutritional supplements used increased muscle protein synthesis and therefore an increased muscle cross-sectional
by many athletes to aid in area. This increase leads to a greater storage of fuels and a greater ability to produce
the growth and repair of . . . .
muscle tissue and cells. strngth and power. Training intensity and frequency can increase due to the increased
repair of the muscle cells.

Timing of protein consumption is important and the most benefit is gained by
consuming protein immediately after exercise. At this time, muscle uptake and retention
of amino acids is enhanced and appears to continue to be enhanced for up to 24 hours.

Endurance athletes in heavy training, athletes wanting to gain muscle mass and
strength athletes in initial stages of training have all been shown to have higher
need for protein than other athletes, however this intake can be achieved through
manipulation of diets.

Protein powders

The most common forms of supplementation are protein powders made into shakes
and protein bars. The amount of protein is generally higher than can be achieved in
consuming foods containing protein. They are classified according to the amount of
protein and other nutrients they contain.

Whey protein is the most common supplement form as it is rapidly digested and
rich in branched chain amino acids. It comes in three forms:
© whey protein isolate: highest amount of protein with all lactose and fat removed
© whey protein concentrate: high amount of protein with small amounts of lactose

FIGURE 5.11 Protein powders and fat present o

are a quick and convenient © whey protein hydrolysate: a combination of the above forms.

supplement that can be used to It is interesting to note that current nutritional guidelines do not foresee the need
assist muscle growth and repair. for protein supplements for athletes, and research suggests that supplements offer

no advantage over consuming protein-rich foods as part of a
balanced diet. Protein consumption well above recommended
intakes (>2 grams per kilogram BM) does not stimulate further
muscle building or recovery and is not recommended by sports
dietitians. In fact, extra consumption may displace other
= oo important nutrients from the diet. Some health risks might also
; °OTE " be associated with excessive protein intake because of the extra
) TEN P Y T l {o-‘ demand placed on the kidneys to excrete any unused amipo
100% § acids. Furthermore, excessive protein intake can compromise
. . 87 . bone density and may also lead to weight gain if food choices are
677 ko] MENEIGHT 5L 22888 IVEG S also high in fat.
However, athletes may require a supplement when
- consumption of food is difficult post-exercise and products such
as liquid meal supplements offer convenience and a practical
solution to consuming adequate protein.
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Caffeine supplementation

Caffeine was removed from the World Anti-Doping Agency (WADA) prohibited list

on 1 January 2004. Since then, caffeine has been used by some athletes to enhance

their performance. In terms of the effects of caffeine on the body, it has previously

been believed that caffeine:

© mobilises fat from adipose tissue and muscle cells, resulting in glycogen sparing in
endurance athletes

© alters the nervous system, creating a change in perception of effort and fatigue

O stimulates both the release and the action of adrenaline

O causes a diuretic effect, leading to dehydration.

Recent research now brings into question the ability of caffeine to enable glycogen
sparing, as well as its diuretic effect on the athlete. There is, however, sound evidence
that caffeine can enhance endurance and performance of:
© short-duration, high-intensity events of 1-5 minutes
© prolonged high-intensity events of 20—60 minutes
© endurance events of a minimum of 90 minutes
© prolonged intermittent, high-intensity team or racquet sports.

Any performance enhancement effect on strength, power or brief sprint activities is
unclear. The reason for the enhancement is still unclear but seems to be linked to a
decreased perception of effort and fatigue in the athlete.

How much caffeine?

Caffeine doses of 1-3 milligrams per kilogram BM or 70-200 milligrams have proven
to be beneficial in prolonged exercise lasting longer than 60 minutes. Caffeine can
be consumed prior to or throughout the exercise. Furthermore, studies show that
ingestion of more than 3 milligrams per kilogram BM of caffeine does not further
increase performance, but may increase the risk of side-effects, including increased
heart rate, impairment of technique and over-arousal. Athletes need to be conscious
of the fact that there is great individual variability in the response to caffeine intake.

The AIS no longer provides caffeine to athletes for performance enhancement;
however, it does educate about the use and potential benefits of low doses of caffeine
as well as the risk of side-effects.

TABLE 5.9 Typical content of caffeine in selected food and drink

Caffeine

Food or drink Serve content (mg)
Instant coffee 250 mL cup 60 (12-169)*
Brewed coffee 250 mL cup 80 (40-110)
Tea 250 mL cup 27 (9-51)
Chocolate (milk) 60 g 5-15
Chocolate (dark) 60 g 10-50
Coca Cola 375 mL can 49
Red Bull energy drink 250 mL can 80
V energy drink 250 mL can 50
Mother energy drink 500 mL can 160
PowerBar caffeinated sports gel 40 g sachet 50
No-Doz 1 tablet — Australia 100

1 tablet — USA 200

*The caffeine content of tea and coffee varies widely, depending on the brand, the way that the
individual makes their cup of tea or coffee, and the size of their mug or cup.
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Caffeine: a legal performance-enhancing drug

BY KATE SCHLAG

If you were to rifle through almost any of my teammate’s bags — or even mine, for that
matter — there’s a good chance you’d find performance-enhancing drugs. | promise we’re
not cheating, though: every other team uses (and, often, relies on) the same drug — caffeine.

Believe it or not, there’s little scientific question that caffeine is an effective performance-
enhancing drug. The first study to investigate the relationship between caffeine and exercise
performance, published in 1978, reported that caffeine reduced cyclists’ rating of perceived
exertion by increasing fat oxidation; theoretically, those fatty acids were mobilised to be used
by muscles early on, sparing glycogen for later use when your muscles are really exhausted.

Since then, several other theories have been proposed to explain caffeine’s ergogenic
capacity: caffeine stimulates the central nervous system, thereby enhancing mental alertness
and reaction times (key in a sport that relies on mental acuity to make both offensive and
defensive plays). It also increases calcium release and inhibits calcium re-uptake, two actions
that play a role in muscle contraction. These effects result in increased muscle contraction
force, allowing you to play longer and harder.

Initially, these studies focused on high amounts of caffeine (10-13 mg/kg body weight —
for a 77 kg man, that’s about 5-8 cups of coffee) in endurance events, but more recent
studies have focused on low to moderate doses (<8 mg/kg body weight, or 1-2 cups of
coffee for a 77 kg man) in sustained high-intensity sports (like swimming and rowing) and
stop-and-go sports. Researchers confirm that these lower doses can and do enhance
performance. Here’'s what else you should know about caffeine and athletic performance.

All caffeine isn’t created equal
There are over 60 sources of naturally occurring caffeine in nature, from coffee and cocoa
beans to tea leaves and kola nuts. Because these plants and the foods and drinks they’re
turned into contain many other micronutrients, antioxidants and compounds in addition to
caffeine, their effects on the body can vary widely. Tea, for example, contains higher amounts
of theobromine and theophylline, which also stimulate the central nervous system. But it also
contains L-theanine, an amino acid that increases the generation of alpha waves, which are
associated with a more relaxed — but still alert — state of consciousness. The added sugar
in a can of Coke — about 10 teaspoons — leads to a huge sugar spike immediately but often
leaves you feeling even more lethargic (and in need of another caffeine boost) hours later.
The takeaway: If you’re used to caffeinating with one type of caffeine before games and
suddenly switch to another, be aware that it might not affect you in the same way. As with
other tenets of sports nutrition, experiment with different forms of caffeine during practices
and workouts and find out which type works best for you.

More isn’t necessarily better

If two cups of caffeine can improve your performance, what can four cups do? It might

make you incrementally faster, but it’s likely that it will also make you jittery, shaky and
anxious, which might not translate into success on the ultimate field. Too much caffeine
might also hinder your decision making: one study found that while 200 mg of caffeine
improved the accuracy and speed of problem solving, doubling the dose to 400 mg impaired
problem-solving abilities. After 600 mg of caffeine, cognitive performance is said to decline
rapidly. Experts seem to agree that the optimal range for exercise performance is 3-6 mg per
kg of body weight. For that 170-lb man, that’s between 1.5 and 3 cups of coffee.

It's also important to note that habitual coffee or tea drinkers can build a tolerance to
caffeine, which means that if you regularly consume caffeine throughout the day, you may
not feel the effects of one dose of caffeine on game day. If you'’re a regular consumer, try
cutting out caffeine three or four days before a tournament and then reintroducing it Saturday
morning.

The takeaway: The difference between ‘alert and focused’ and ‘jittery and anxious’
might be small; again, find your optimal range during practices and workouts. If you're really
looking to improve performance from caffeine, you may want to consider saving it for when
you really need it — which means decreasing your weekly caffeine intake.

It doesn’t affect everyone the same way

Some people can drink coffee all day without feeling any negative side-effects; others have
to take their last sip of a caffeinated beverage before 3 pm or they risk staying up all night.
In general, women metabolise caffeine twice as fast as men, as do smokers compared to
non-smokers (a faster caffeine metabolism means that you’ll process caffeine faster, abating
its effects more quickly).
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Genetics play a pretty big role as well: an enzyme called CYP1A2 is responsible for
metabolising caffeine, and multiple studies have shown a high inter-individual variation in its
expression. Your nervous system could also account for some variation, as caffeine’s effects
partly depend on the percentage of receptors that bind to caffeine. ..

... Caffeine can cross the blood—brain barrier as soon as 15 minutes following ingestion,
increasing alertness and wakefulness almost immediately (in fact, just smelling roasted beans
or the aroma of a steaming pot can increase brain activity). Peak caffeine levels usually
occur around 45-60 minutes, when lipid oxidation is also increased. From there, you — an
average, non-smoking adult — will probably feel the effects for another three to four hours,
although this can be highly variable as well.

The takeaway: By now, you should know whether you’re more sensitive or more tolerant
to caffeine. If you don’t, look to your parents, as caffeine sensitivity is hereditary. Aim to get
your caffeine 45-60 minutes before the first pull, although you can play around with this
timeline at practice.

Some side-effects might hinder performance
While caffeine improves the immediate physical aspects of performance, it may have longer-
term impacts that, ultimately, could lead to a net decrease in performance. The consumption
of caffeine might interfere with sleep duration and quality, which has further implications
when you consider that many important tournaments last three, or even four, days. Ingesting
caffeine before a night game might improve performance, but it also might hinder your
sleep, making you more tired and groggy for your morning game. In addition, no studies
have looked at how taking caffeine multiple times a day affects performance — for example,
once before quarters, semis and finals. If you're sensitive to the effects of caffeine, this begs
the question: should you ingest caffeine before each and every game, or save the jolt for,
hopefully, your appearance in finals?

With respect to other potential side-effects, some studies have shown that caffeine intake
may affect hydration status and carbohydrate metabolism. However, these studies have
found either inconsistent or statistically insignificant results on performance. ..

Source: www.ultiworld.com, 26 March 2015.

Creatine

A naturally occurring compound found in skeletal muscle, creatine is created through
daily intake of foods such as fish, poultry and red meat. It is also manufactured in
the kidneys through the intake of some amino acids. Creatine monohydrate is the
commonly supplemented form of creatine.

The use of creatine phosphate in the regeneration of adenosine triphosphate
(ATP) for short-duration, high-intensity exercise is well known. Initial research
cited a 25 per cent increase in stored creatine when taking a creatine supplement in
comparison to not taking a supplement. However, subsequent research findings have
varied considerably. What is agreed on is that creatine supplementation will enhance
performance involving repeated sprints or bouts of high-intensity, short-duration
activity separated by short recovery intervals of less than 1 minute.
It is also recommended for developed, elite athletes who use
resistance training to increase lean body mass, or for team athletes
who participate in intermittent sports such as netball, football or
racquet Sports.

There are two recognised creatine supplementation regimens used
by the AIS:

1. Rapid loading protocol — 20 grams daily (4 X 5-gram doses) for a
total of five days. This protocol is linked to weight gain, usually in
the form of fluid retention.

2. Slow loading protocol — smaller doses (3 grams) ingested each day.

To enhance creatine uptake, it is suggested that creatine also be
taken with a large amount of carbohydrates (50-100 grams). Once
loaded, a maintenance dose of 3 grams daily is recommended.
Extended loading protocols are not required.

Creatine is a naturally
occurring compound found
in skeletal muscles that
assists in the regeneration of
ATP in the muscle cells.

FIGURE 5.12 Creatine is a
nutritional ergogenic aid.
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Bicarbonate is a source of
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or effervescent powder.

]

study[T]) |

Creatine and
bicarbonate

summary
Topic 5 .
b and practice

Concept 8 questions

Digital document
Performance supplements that
enhance the musculoskeletal
system

Searchlight ID: doc-18670

Although no recognised findings have been reported on the possible side-effects
of long-term use of creatine, there are anecdotal reports of weight gain due to fluid
retention, cramps and harmful effects on the liver and kidney when creatine has been
consumed in excess of recommended doses. If protocols such as those presented
on page 109 are followed, creatine has not been seen to cause these side-effects in
healthy people.

Bicarbonate

Bicarbonate increases the body’s ability to dispose of excess hydrogen ions that are
produced during anaerobic glycolysis. Hydrogen ions are thought to have a significant
fatiguing effect on the body when working anaerobically. Bicarbonate loading acts
as a buffer within the muscle, reducing the fatiguing effect of hydrogen on the
functioning of the muscle. It is relevant to high-intensity events lasting between 1
and 7 minutes.

Bicarbonate can be consumed as a capsule or effervescent powder. The AIS
recommends the following two protocols for ingestion of bicarbonate:

1. Acute bicarbonate loading — 300 milligrams per kilogram BM dose ingested
1-2 hours prior to the session.

2. Chronic bicarbonate loading — 500 milligrams per kilogram BM dose ingested per
day over five days and split into four doses over the day.

Studies have shown that acute bicarbonate loading has a moderate effect in
enhancing the performance of anaerobic exercise or events, and chronic bicarbonate
loading can increase buffering capacity, with effects lasting for at least 24 hours
following the last dose. It should be noted that very few studies have been completed
in a sports setting.

At this point, the only side-effects noted have been reports of gastrointestinal
distress. It is recommended that athletes do not combine this supplement with other
nutritional supplements such as caffeine and creatine.

TABLE 5.10 Performance supplements that enhance the musculoskeletal system

Performance

Performance benefits Potential harms

supplement

Protein Used for muscle growth and May displace other foods
repair Expensive

Increases muscle cross- Extra consumption may displace

Caffeine
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sectional area — increase power
and strength

Increases PC storage

Allows increased training
intensity and frequency
Promotes glycogen resynthesis
for increased fuel availability

Change in perception of effort
and fatigue

Stimulates release and action of
adrenalin

other important nutrients from the
diet

Health risks associated with
excessive protein intake because
of the extra demand placed on
the kidneys to excrete any unused
amino acids

Can compromise bone density
May lead to weight gain if food
choices are also high in fat

Overuse can lead to dependence
Excessive consumption can lead to:
Increased heart rate

Impairment of technique
Overarousal

Anxiety

Insomnia



Performance

supplement Performance benefits Potential harms

Creatine Increased stores of creatine in Weight gain due to fluid retention
muscle allows for: Possible side-effects:
Increase in force and power gastrointestinal upset, muscle
produced in muscle contractions cramps
Train harder at higher intensities Excessive use may cause liver and

Delays CP depletion and fatigue kidney damage

Decreases reliance on anaerobic
glycolysis, reduce lactate
accumulation delaying fatigue

Bicarbonate Buffers hydrogen out of muscle Gastrointestinal upset
at a faster rate allowing for more
to be produced

Delays fatigue

° TEST your understanding
’ 1 Outline why nutritional ergogenic aids should be used with caution.
2 Define protein supplementation. Is it recommended for athletes? :

3 Study table 5.9. Identify examples of caffeine products that you would

consume in a normal day. Calculate your caffeine intake.
4 Define the term creatine. List food sources containing creatine.

APPLY your understanding
5 For each of the following sports, choose one nutritional ergogenic aid and
outline how it may be beneficial for that sport.
(@) 100-metre runner
(b) 400-metre runner
(c) team sportsperson (60-90 minutes duration)
(d) ultra-distance athlete.
6 Learning activity: caffeine and sports performance
Read the article ‘Caffeine: a legal performance enhancing drug’ on
pages 108-9 and summarise the key elements of the article by answering the
following questions.
(@) How is caffeine thought to enhance performance?
(b) For each of the benefits of caffeine listed in the article, suggest types of
athletes for whom the benefit would be particularly relevant.
(c) Identify reasons why athletes might choose not to use caffeine prior to an
event.

CHAPTER 5 ¢ Performance enhancement of the musculoskeletal system
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5 6 lllegal substances and methods that enhance
N

performance of the musculoskeletal system

KEY CONCEPT lllegal performance-enhancing substances and methods have been
o employed by coaches and athletes in order for the athlete to gain an advantage over
their competitors. While they might bring about improved performance, the health and
associated risks of doping to the athlete need to be taken into consideration prior to use.

i i Taking or using (illegal) performance-enhancing substances or methods is commonly
Doping is the use by, or referred to as ‘doping’. This issue has been, is and will continue to be the most
distribution to, an athlete of certain  dominant moral and ethical controversy in sport.

233%1”;?&; Zf?g;??)? ;?Séoiall Recent high-profile cases, including the alleged drug use of the Essendon Football
improving the athlete’s physical Y Club (Australian Football League) and the Cronulla Sharks (National Rugby League)
and/or mental condition and in Australia, as well as the international scandals involving Lance Armstrong (cycling)
enhancing their performance. and American sprinters Tyson Gay and Justin Gatlin (athletics), have all tainted sport

and cast doubt over the legitimacy of individual and team performances.
Indeed, the International Olympic Committee (IOC) has singled out doping as the
greatest challenge to the integrity and future of world sport.
The World Anti-Doping Agency (WADA) was established in 1999 in response to the
concerns of the IOC. WADA is an independent agency that is composed of and funded
by governments and sporting movements of the world. The mission of WADA is to
.. ‘prOmIOte, coordinate and monitor the fight against doping in sport in all its forms’.
Anti-doping codes are codes The introduction of anti-doping codes in sport has been an integral part of the
established to eradicate the fight to eradicate the use of drugs and other illegal performance-enhancing methods
use of drugs and other illegal in sport. These practices are prohibited because they:
performance-enhancing e
methods in sport. © artificially enhance the performance of an athlete

© are potentially harmful to the health of an athlete
© are contrary to the spirit of sport.

(®) 3 ‘
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FIGURE 5.13 (a) American sprinter Tyson Gay has been recently involved in a drug scandal.
(b) Concerns were raised about Essendon’s supplements program in season 2012, which
subsequently led to a full investigation into illegal use of drugs at the club.

Performance-enhancing substances and methods

Performance-enhancing substances and methods have been employed by athletes and
coaches for a variety of reasons:

© to increase strength and muscle mass (anabolic agents, steroids)

© to counteract undesirable side-effects (hormones, anti-oestrogenic substances)

© to mask the presence of banned substances (diuretics)

© to increase alertness and/or aggressiveness (caffeine, amphetamines)
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© to enhance oxygen transfer (blood doping)

© to alter samples provided for testing (urine substitution)

© to speed up the rehydration process (intravenous infusions)
© to reduce pain (narcotics).

Increase oxygen delivery

m Build muscle/bone

EPO
Narcotics Artifi BITOd cleping ) Anabolic steroids
ACTH ificial oxygen carriers Beta-2 agonists

Cortisone hCG
Local anaesthetics LH

hGH
Mask drug use

IGF-1
Insulin
Diuretics
Epitestosterone
Plasma expanders
Secretion inhibitors

Performance
Reduce weight

Diuretics

Caffeine Alcohol
Amphetamines Beta-blockers
Cocaine Cannabinoids

Performance-enhancing drugs are currently banned or considered illegal in most
sports. Furthermore, some performance-enhancing practices currently used in sport
produce exactly the same results, but are neither banned nor illegal. For example, the
illegal drug anabolic steroid increases lean muscle mass, thus enhancing the strength
and power an athlete can generate. However, the same effect can be obtained legally
by participating in a resistance training program, as discussed earlier in this chapter.

WADA produces a list of prohibited substances and methods annually. Many drugs
are prohibited at all times, whereas others are prohibited only in competition. Some
substances are banned only in certain sports. Athletes caught using these drugs have
been stripped of their medals and records and banned from their sports, sometimes
for years and, on occasions, for life.

The performance-enhancing drugs and methods most relevant to the development
of the musculoskeletal system include those based on naturally occurring hormones
in the human body, specifically anabolic steroids, and growth hormones and related
substances. These substances are prohibited at all times.

Anabolic steroids

Steroids are synthetically produced drugs that mimic the effect of the hormone
testosterone. Testosterone has both an anabolic effect and an androgenic effect on the
human body. The anabolic effect promotes bone density, muscle growth and rapid
recovery from injury, while the androgenic effect relates to the development and
maintenance of male secondary sexual characteristics, such as growth of the male
reproductive system and development of muscle mass, a deeper voice and facial hair.

Athletes may use steroids for their anabolic effects; that is, the building of bone
and muscle to increase the amount of strength and power they can produce. With
greater strength and power, athletes are able to produce more force to run quicker,

_J rstudymj
| Unit1

lllegal
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and methods
(musculoskeletal)
Concept summary
and practice
questions

Concept 9

FIGURE 5.14 Performance-
enhancing drugs can have a
variety of effects on performance.

Weblinks
WADA prohibited drug list
Doping to win

produced drugs that mimic the
effect of the hormone testosterone.
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lllegal substances and methods that enhance performance of the
5-6 musculoskeletal system

FIGURE 5.15 American
baseballer Mark McGwire
admitted to using both anabolic
steroids and human growth
hormone during his career.

Growth hormone is a
synthetically produced drug that
mimics the effect of the hormone
human growth hormone (hGH).

FIGURE 5.16 Resistance training
is a legal way for an athlete to
build strength.

jump higher and throw further. The other reason for athletes using steroids is
an increased rate of recovery which allows an athlete to train more often and for
longer periods of time. The use of anabolic steroids allows an athlete to increase
muscle growth and strength quicker than through legal methods such as resistance
training.

Potential harms related to the use of steroids can be different for males and females,
due to the increased level of testosterone in the body. Males are at risk of possible
infertility, increased libido, testicular atrophy, baldness and development of breast
tissue. Females are at risk of menstrual problems, increased body and facial hair,
an enlarged clitoris and deepening of the voice. Both genders are at equal risk of
tendon injury, fluid retention, liver damage, tremors, mood swings and depression,
hypertension, acne (face and back) and cancer.

A legal alternative to steroids to promote muscle growth is resistance, plyometric
and short interval training and the use of protein supplementation to assist the growth
and repair of muscle.

Human growth hormone

Human growth hormone (hGH) is a peptide hormone that is naturally produced by
the pituitary gland. This hormone determines the height, bone and muscle growth of
an individual.

Synthetic growth hormone may be taken by athletes in the belief that it will increase
muscle strength, and hence athletic performance, through its capacity to build muscle.
However, research indicates that the effects of hGH are inconclusive at best and any
performance benefits to the athlete are most likely through taking a combination of
steroids and hGH. Other growth factors such as Hexarelin, stimulate the release of
growth hormone and have been linked to quicker recovery and healing times from
injury. Similar to steroids, use of human growth hormone and related factors allows
an athlete to increase muscle growth and strength quicker than through legal methods
such as resistance training.

Potential harms of human growth hormone use include fluid retention, acromegaly,
thickened skin, hypertension, hairiness, cardiac disease, osteoarthritis, and joint and
bone pain.

Like steroids, a legal alternative to using human growth hormone to promote
muscle growth and strength development is resistance, plyometric and short interval
training, as well as the use of protein supplementation to assist the growth and repair
of the muscles being exercised.
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TABLE 5.11 lllegal methods used to enhance the performance of the musculoskeletal system

WADA Potential harms

classification Examples Performance benefits (side-effects)

S1 Anabolic Anabolic steroids Increased lean muscle mass In males: Resistance training

agents Nandrolone and strength Possible infertility Plyometric training
Stanozolol Reduced fatigue Increased libido Short interval training
Tetrahydrogestrinone ~ INcreased rate of recovery Testicular atrophy Protein supplementation
(THG) Increased aggression Baldness

Development of breast tissue

In females:

Menstrual problems
Increased body and facial hair
Enlarged clitoris

Deepening of the voice

Both:

Tendon injury

Fluid retention

Liver damage

Tremors

Mood swings and depression
Hypertension

Acne (face and back)

Cancer
S2 Growth Growth hormone Enhanced muscle and bone Acromegaly Resistance training
factors releasing hormone development Thickened skin Plyometric training
GHRH i
( , ), Increased muscle size and Hypertension Short interval training
Insulin-like growth strength - ) .
factor-1 (IGE-1 . Hairiness Protein supplementation
actor-1 (IGF-1) Reduced recovery time o
Hexarelin o Cardiac disease
Increased healing time from ) )
injury Fluid retention

Osteoarthritis
Joint and bone pains

TEST your understanding

1 Define the term doping.

2 List some of the reasons why some athletes may use performance-enhancing
drugs in sport.

3 What is WADA? Explain its role in anti-doping initiatives.

APPLY your understanding

4 Explain the difference between a performance-enhancing substance and a
performance-enhancing method.

5 Discuss why some drugs are banned all the time but others are prohibited only
in certain sports.

6 Outline how hormone-based drugs such as steroids and human growth
hormone can physiologically enhance the performance of athletes.
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5 Ethical and sociocultural considerations associated with
u

performance enhancement in sport

KEY CONCEPT: The debate regarding the use of performance-enhancing
substances and methods polarises opinions when considering the benefits that

can be achieved versus the harms that they might inflict on an athlete.

The use of performance-enhancing substances and methods in sport, whether they
are legal or illegal, remains a hotly debated topic within sport, media and society.
Performance-enhancing practices have the potential for both positive and negative
outcomes, providing physiological benefits as well as potential harms to the athlete.

The big question facing many athletes is whether or not to use performance-
enhancing substances and methods and, if they choose to do so, which ones will be
of most benefit to the athlete. As outlined in this chapter, there are a number of legal
and illegal substances and methods available to improve the functioning of the
musculoskeletal system. In addition to these, the area of performance enhancement
is constantly developing. New products designed to assist athletes to develop their
strength and power, enhance their energy stores and improve their recovery times
in order to train at higher intensities more frequently are entering the market all the
time.

Ethical considerations regarding
the use of performance-enhancing
practices

The debate surrounding the use of both legal and illegal
performance-enhancing substances and methods is not as
definitive as ‘is it right or wrong to use them’.

Illegal performance enhancement incites many different
opinions regarding whether or not a substance should be
classified as illegal. The IOC and many professional and
amateur sporting organisations subscribe to the WADA Anti-
Doping Code classification, which states that if a substance
has the capacity to artificially enhance the performance of the
athlete, place the health of the athlete at risk or is contrary
to the spirit of sport, it should be banned. Supporters of the
code consider the use of any illegal substance or method
is wrong and amounts to cheating as it provides an unfair
advantage of one athlete over another. Athletes who have
been implicated in the use of banned substances, such
as anabolic steroids, to improve the functioning of the
musculoskeletal system, have had their medals stripped and
served bans from their chosen sport. Examples include the
three track and field athletes, Ben Johnson, Marion Jones
and Justin Gatlin.

There is also a school of thought that argues in favour
of the use of some current illegal substances and methods.
They argue that performance enhancers are so prevalent
in sport that the right and only realistic option is to allow
athletes to use what they want as long as they do it safely.
Suggestions of scientifically backed, medically supervised
doping programs are common. Such suggestions argue that

FIGURE 5.17 US sprinter Justin Gatlin tested positive for a administration of the naturally occurring substances within
testosterone-based substance and served a four-year ban the body, such as testosterone, within safe limits should be

before returning to athletics in 2010.

allowed to enhance the performance of an athlete.
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While most of the debate centres around the use of illegal substances and methods,
there are also ethical considerations regarding the use of legal substances and
methods. Because a substance is legal, is it right to use it? Should all legal substances
be available to or given to all athletes? This is particularly pertinent for junior
athletes in relation to nutritional supplements such as creatine, caffeine and protein
powders. These substances have credible evidence for improving the functioning
of the musculoskeletal system in well-trained, developed bodies but the safety of
supplement use in juniors with developing bodies is unknown due to lack of studies
in this demographic.

FIGURE 5.18 The effects of performance-enhancing substances on junior athletes have not
been widely researched, therefore their safety is unknown.

The Australian Institute of Sport (AIS) does not recommend the use of nutritional
supplements such as creatine and protein powders, instead they encourage a well-
planned, balanced and varied diet, along with<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>