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Fitness and Body Systems

Applied anatomy and physiology

The functions of the skeleton for sport

Getting started
People rely on their bones, joints and muscles to do sport.
•• How many bones, joints and muscles in the body can you name?
•• Why do sportspeople have such different bodies?
•• What injuries might happen to the bones, joints and muscles when taking part in sport?
Select your favourite sporting activity. How do your bones, joints and muscles help you in this activity?

Learning objectives
By the end of this topic you will understand:
•• the different functions of the skeleton and its importance in physical activities
•• how bones and joints in the body are classified
•• the structure of the musculo-skeletal system
•• the different movement possibilities at joints within the body
•• the role of ligaments and tendons and their relevance to physical activity and sport
•• the classification and characteristics of muscle types

The skeleton may seem like just a framework of bones on which our body
is built, but it is much more than that. Bones protect your vital organs,
give muscles somewhere to attach, create joints so you can move, store
important minerals – and they even produce parts of your blood.

Protection of vital organs
Staying safe during sport is vital, and the skeleton plays a key role. The skull
protects the brain, the spine protects the spinal cord, and the ribs protect
the internal organs, including your heart. These bones act as cages around
important body parts, though in some sports extra protection is needed,
such as a helmet.

Muscle attachment
The muscles you use in sport need strong points to attach to. Bones provide
that framework. The muscles are attached by tendons, and the bones act as
anchors that muscles can pull on as they move.

•• how the main muscles are used during physical activity
•• how the muscular system works with the skeleton to allow participation in physical activity and sport.

1.1 The structure and functions of the musculo-skeletal system
Key terms
Muscular strength: Replacement
text to be supplied
Muscular endurance:
Replacement text to be supplied
Structure: how something
complex is put together (called
anatomy in animals and plants).
Anatomy: the bodily structure of
humans and animals.
Physiology: how the whole body
or a body part functions.

Link it up
Here we look at the body’s
structure – how it is put together.
Later you will learn more about
the body’s physiology – how it
functions – when you look at the
circulatory and respiratory systems
(see Section 1.2 later in this topic).

What is the musculo-skeletal system?
The skeleton includes all the bones in the body, from the cranium
(skull) to the bones that make up the foot. Attached to the skeleton is
a system of muscles, from large muscles like the gluteus maximus to
the sheets of muscle that join things together. Working together, the
joints, bones and skeletal muscles of the body comprise your musculoskeletal system.
The main function of these components working together is to create
movement, but they also work to provide stability, posture and
protection.

Importance for sport
People need muscular strength and muscular endurance to be
good at sport. The balance that someone needs between strength
and endurance will depend on their sport. For example, the world’s
strongest man will need masses of muscular strength to lift the
heaviest weight, but a long-distance runner will need muscular
endurance to keep moving fast over 10,000 metres.
To understand muscular strength and endurance, you need to know
about bones, joints and muscles, and the different roles they play.
Bones, joints and muscles together form the structure of the body –
the body’s anatomy.
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Joints for movement
Look at a skeleton and you can see points where bones come together to
form joints. Joints let the body make a variety of movements. Some are
small, precise or ‘fine’ movements, like getting the right grip on a javelin.
Others are larger or ‘gross’ movements, such as throwing the javelin. Joints
work together with bones and muscles to form levers, so that a small force
can move a much bigger force. For example, when you kick a football, this
sort of lever turns the small movements in your leg muscle into the larger
movement at the end of your leg.

When it comes to sport, your skeleton is
just as important as your muscles and
organs

Link it up
For more information on how
bones and muscles work together
as levers, see Topic 2, Section 2.1.

Key terms

Storing calcium and phosphorus
The bones act as a store for calcium and phosphorus, two minerals that are
vital for developing and maintaining the strong and healthy bones you need
for exercise. The best sources for both minerals are milk, cheese and yoghurt
(choose the low-fat varieties). Phosphorus also helps to reduce muscle pain
after a hard workout.

Tendons: fibrous tissues that join
bone to muscle.
Lever: a rigid rod (bone) that
turns round a pivot (joint).

Red and white blood cell production
Some bones have hollow centres that hold bone marrow. Bone marrow
makes most of the cells of the blood, including red blood cells, white blood
cells and platelets.
Bone marrow responds to your activity and condition to keep you in good
shape. When the oxygen content of the body’s tissues drops or the number
of red blood cells goes down, your bone marrow makes more red blood cells;
if you have an infection, it makes more white blood cells; and if you have a
cut, it makes more platelets to reduce the bleeding.
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Apply it
We only need most minerals
in small amounts, but which
foodstuffs provide them? Use the
internet, books or magazines to
find out. The BBC Bitesize website
is a useful place to start.

Fitness and Body Systems

Key terms
Cartilage: a firm, connective
tissue.
Ossification: the process of
development from cartilage
to bone.
Somatotype: body shape or type.

Practice
Bone size determines your body
size and, to an extent, your body
shape or somatotype. In a group,
measure around your wrists.
How does the size of your wrist
compare to your size and body
shape? Is there a link with which
sports you take part in?

Applied anatomy and physiology

Bone growth and development

In sport

All bones are formed from cartilage, except the clavicle (collarbone) and some
parts of the cranium (skull). Bones begin to grow before children are born, and
as growth takes place the cartilage, which forms their temporary skeleton, it
is hardened into bone by calcium and other minerals. Bone growth begins in
the centre of each bone, and in a long bone this is in the centre of the shaft.
Growth takes place upwards, downwards and around the central marrow cavity,
then secondary growth appears at both ends. Cartilage remains between the
areas until bone growth is completed. These are known as growth plates. This
process of development from cartilage to bone is known as ossification.

These bones are vital to generate movement, strength and speed. They usually
act as levers. When they are pulled by different muscles, they enable the body
to move.

Short bones
Short bones are roughly the same size in length, width and thickness. The
only short bones in the body are the carpals in the wrist and the tarsals in the
foot. To remember which is which, think ‘carpals and cuffs, tarsals and toes’.

In sport

Classification of bones
Bones come in many shapes and sizes, but most can be put into groups that
have something in common. For example, long bones tend to be used as
levers, while flat bones are often for protection. Figure 1.1 shows the main
types of bone.

Flat bones

Short bones are normally associated with weight-bearing, shock absorption
and spreading loads. They play a key role in activities like jogging, playing
tennis or dancing.

Flat bones
Flat bones, or plates, usually protect organs or offer a good surface for muscles
to attach to. For example, the ribs protect the heart and lungs, while the broad
shoulder blade (scapula) has three main muscle groups attached to it. Other
flat bones are the kneecap (patella), skull (cranium), chest plate (sternum),
collarbone (clavicle) and two of the hip bones, the ilium and ischium.

In sport

Irregular bones

Flat bones protect your vital organs, especially in contact sports. They also
provide attachment of muscles to help movement for every type of
physical exercise.
Short bones

Irregular bones

Long bones
Flat bones

Short bones

Facts about bones
•• The bones of the skeleton are
alive.
•• Bones stop growing in length
after about the age of 16-18,
but still increase in density.
•• Around the age of 35, bones
begin to deteriorate (weaken).

Figure 1.1 The main types of bone in the human body

Long bones
Long bones are bones that are longer than they are wide. They don’t have
to be big: small bones like finger bones (phalanges) count as long bones,
because of their overall shape. A long bone has a shaft plus two ends.
All limb bones apart from the kneecap (patella) and the wrist and ankle
bones are long bones.
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Irregular bones have odd shapes, and perform
a range of functions. Some have a special shape
so that they can protect something, like the
vertebrae, which protect the spinal cord. Others
have lots of attachment points for muscle, like
the sacrum, a triangular bone in the lower back.

In sport
Irregular bones also offer protection when
you are playing sport – for example, for your
face where you risk being hit by a ball.
They tend to form specific functions – for
example, the first and second vertebrae allow
the head to nod and rotate, which is crucial in
almost every sport.

Cartilage
A dense, elastic,
connective tissue
that cushions and connects
many bones in the skeleton

Periosteum
A tough membrane
surrounding the bone

Epiphysis The end of a long bone

Diaphysis The shaft of a long bone

Compact bone
A substance below the
periosteum, forming the
shaft of a long bone
Epiphysis

Figure 1.2 shows some of the main terms
associated with structure of bones.

Figure 1.2 Some of the main features of bone structure
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Maxilla

Apply it
Read this text about diver Tom Daley.
In his dive from the 10 metre board, he uses energy climbing the steps to
the diving platform as well as diving. This energy is transported in his blood
in the form of glycogen, so blood production is vital. Movement takes place
throughout the preparation (getting up the steps to the diving platform) and
execution of the dive. For example, Tom Daley starts in a standing position
but may have to take up a handstand position before diving. At this point he is
supported upside down and balanced in the handstand position by his arms.
He changes shape several times in a split second, going through a range of
co-ordinated movements (somersaults and twists) at great speed using his
agility and reaction time to complete the dive successfully. As he hits the
water, his cranium protects his head, his ribs protect his heart, lungs and
other vital organs.

Mandible
Clavicle
Humerus
Sternum

Rib

Pelvis
Radius
Ulna

Femur

Tom’s event is a highly technical one and a fit body helped him to achieve
success from a very young age. The way his body functions enables him to
perform at this level.
•• Think about which bones are key to Tom Daley’s ability to dive.
•• Name one bone of each of the four types that enables him to do his sport.

Patella
Tarsals
Metatarsals
Phalanges

Key term

Exam-style question

Cranium

Glycogen: the stored form of
carbohydrate primarily located in
the muscles and liver and readily
available as an energy fuel.

1 Think of a sport and an action in that sport (for example, diving;
entering the water head first).

Cervical vertebrae

Exam tip
Choose a sport that you take
part in. Think of your own
experience of that sport and
the sporting action and this
will usually help you to get the
answer right. Remember, with
an ‘explain’ question you will be
expected to do more than just
state which part of the skeletal
system is involved. You will need
to say how it protects the body
during the action.

2 Explain how the skeletal system protects the body during that action.
You are not allowed to use diving as the sport. (3 marks)

Scapula
Thoracic
vertebrae

The structure of the skeletal system
You will know many of the bones of your body by their common names, but
it is important that you know the anatomical names too. For example, the
bone you call your kneecap is technically called the patella.
Knowing these names is important. Doctors and other health professionals
use them so that they can be precise about which bones they are talking
about. For example, someone might say they have injured their finger bone
– but the finger is made up of several bones, so which one do they mean?
The proper (Latin) name will identify exactly the right bone.

Lumbar
vertebrae

Sacrum

Carpals
Metacarpals
Phalanges

Apply it

Tibia

If you take part in a lot of sport and physical exercise, you probably know
more of the ‘proper’ Latin names for bones than many people do. Before
reading on, and without looking through this book, make a quick note of
any of the Latin names you know for bones in your body.
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Fibula

Figure 1.3 The bones of your skeleton
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Joints

The vertebral column

Cervical vertebrae

The vertebral column consists of 33 bones, or vertebrae, which are divided
into five groups. Starting from the top there are:

(seven)

What is a joint?
A joint is a place where two or more bones meet. Joints are important for
movement and rotation. If our bodies were not jointed, we would be very
stiff, and our movement and activities would be extremely restricted. All
joints allow movement, although the extent and freedom of movement vary
from joint to joint.

•• 7 in the cervical region which form the neck, and allow a variety
of movement
Thoracic vertebrae
(twelve)

Intervertebral
discs

•• 12 in the chest or thoracic region, ten of which raise a pair of ribs when
you breathe
•• 5 in the lower back or lumbar region, where the discs between the
vertebrae are relatively large to give you more mobility

Lumbar vertebrae

•• 5 in the sacrum, which in adults are fused together and work with the
hip bones

(five fused)

•• 4 in the coccyx.

Sacral vertebrae
(five)
Coccygeal vertebrae

Our backs are flexible because the vertebral column is made up of a number
of small bones. If our upper limbs were not jointed we could not eat as we
do. If our lower limbs were not jointed we would not be able to stand, as our
body is on too small a base to remain stable. A slight wind could knock us
over if our muscles were not constantly moving and adjusting our balance
by means of our joints.

Sacrum
Coccyx

(four fused)

Figure 1.4 The five groups of vertebrae
that form the vertebral column

Apply it

•• pivot
•• hinge

Hinge joint – elbow

Ball-and-socket joint – hipbone

•• ball and socket
•• condyloid.

Humerus

Pivot joints
Ulna

A

hipbone

Pivot joints allow bones to rotate. In a pivot joint, one bone shaped like a
cylinder rotates inside another bone or ligament that makes a ring round it.
You Head
have three pivot joints in your body: in your wrist, elbow and neck.
of femur

C

Radius

Ulna

Scaphoid

D

Hingejoint
joint––elbow
elbow
Hinge

Pivot joint

Condyloid joint – wrist

Make sure you label the correct
bone! To help you remember
which is which, practise labelling a
diagram of a skeleton methodically
from the top (cranium) down
to the feet. Then memorise the
names in the same order by
reading over them again and
again. You could even make up a
rhyme or mnemonic that makes
sense to you for different bones in
different parts of the body.

Ligament: strong, flexible
connective tissue that connects
bones to other bones.

There are a number of different ways to classify joints. For sport and physical
activity, the best way to group joints is according to how they function for
movement. With this in mind, here are the four main types of joint:

1 Label the bones A to F shown in the diagram. (6 marks)

Exam tip

Rotation: movement around a
single axis or pivot point.

Classification of joints

Working with a partner you feel comfortable with, take it in turns to feel
down their spine. Can you identify which section of the spine you are in?
See if you can learn the sections of the spine in the right order. Use
Figure 1.4 to help you.

Exam-style question

Key terms

Atlas

Axis

Lunate

Ball-and-socketjoint
joint––hipbone
hipbone
Ball-and-socket

Humerus
Humerus

hipbone
hipbone

B

Ulna
Ulna
Hinge joint – elbow

Ball-and-socket joint – hipbone
Condyloidjoint
joint––wrist
wrist
Condyloid

Humerus

hipbone

Ulna
Ulna
Lunate
Lunate

Head
of femur

Figure 1.5

Pivot joint

Condyloid joint – wrist
Radius
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Radius
Radius
Scaphoid
Scaphoid

Ulna

F

E

Head
Head
of
femur
of femur

Scaphoid

Figure 1.6 How do you use different types of joint in your favourite sport?
Ulna
Lunate

Atlas

Axis
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Pivotjoint
joint
Pivot
Atlas
Atlas

Axis
Axis
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Each time you turn your head, rotate your wrist or move your elbow round,
you are using a pivot joint – so you can imagine how important these joints
are to sporting activity.

(a) Flexion

(b) Extension

In the neck, the first two vertebrae – the atlas and the axis – form a pivot
joint that connects the skull and the spine. This joint allows you to rotate
your neck, so you can turn your head from side to side.

(c) Abduction, adduction

Abduction

Hinge joints
A hinge joint is a joint that allows only backward and forward motion – just like
the hinge on a door. There are three hinge joints: the knee, elbow and ankle.

Adduction

Apply it

Knee
In the knee joint, the tibia is hinged on the femur so that the leg can be bent
(flexion) or straightened (extension). Examples of this movement include
doing squats, or when a footballer bends the lower leg at the knee (flexion)
then straightens it (extension) to kick the ball.

Draw a table with two columns,
as shown below. Write an
example for each joint type
found in the body.

(d) Plantar-flexion and dorsi-flexion
Dorsi-flexion

Joint type

Elbow
The elbow has a hinge joint between the humerus and the ulna, which
enables us to bend (flexion) or straighten (extension) the arm – for example,
when doing bicep curls. The muscles that flex the joint are on the front
(biceps) and the muscles that extend are on the back (triceps).

Key terms

Ankle

Flexion: a bending movement
that decreases the angle between
body parts (the opposite of
extension).

The hinge joint in the ankle enables us to bend the foot up (dorsi-flexion)
– for example, the leading leg when hurdling – and to point the toes down
(plantar-flexion) – for example, pointing the toes when in the air during
trampolining. When we turn the foot inwards (inversion), it is as a result of a
gliding movement between the tarsal bones.

Extension: a straightening
movement that increases the
angle between body parts (the
opposite of flexion).
Dorsi-flexion: bending or flexing
the toes upwards, bringing them
closer to the shin.
Plantar-flexion: extending or
pointing the toes down, away
from the shin.
Adduction: a movement that
pulls towards the midline of the
body (the opposite of abduction).
Abduction: a movement that
pulls away from the midline
of the body (the opposite of
adduction).

Ball and socket joints
In a ball and socket joint, the rounded head of a long bone (the ball) fits
into a cup-shaped hole (the socket). Both the hip and the shoulder joints
are ball and socket joints. With the hip, the long femur fits into the pelvis;
with the shoulder, the long humerus fits into the scapula. In both the hip
and the shoulder the bones are covered with cartilage and reinforced with
ligaments, but the shoulder joint has more freedom than the hip and is
capable of more variety and a bigger range of movement.

Condyloid joints
A condyloid joint is similar to a ball and socket joint, but the ball rests against
the end of a bone, rather than inside a socket. This allows circular motion.
The wrist is a condyloid joint. You can bend it (flexion) and straighten it
(extension), but you can also turn your hand inwards (adduction) and
outwards (abduction). This allows for very complex movements, such as
when a bowler spins a ball.
10

Pivot
Hinge

Plantar-flexion

Ball and socket
Figure 1.7 Types of movement at joints: flexion, extension, adduction, abduction,
dorsi-flexion, plantar-flexion

Joints and movement
Joints allow movement. For example, the spine is made up of a number of
small bones that allow the back to be flexible – a characteristic that lets
high jumpers bend over a bar. Generally, the joints in the upper limbs allow
mobility (for example, bringing food to your mouth) and joints in the lower
limbs are for stability – you would easily fall over if your muscles were not
constantly moving the joints to adjust your balance.
The shoulder joint and, to a lesser extent, the hip joint can perform flexion,
extension, adduction, abduction and rotation. All of these movements can
be performed quite easily in the shoulder as the head of the humerus can be
rotated either forwards (as when bowling in cricket) or backwards (such as
when swimming backstroke).
Jointed bones and flexible fingers allow people to do things that few other
animals are capable of doing – including playing sport. For example, our
fingers can be made into a fist (flexion), as when gripping a tennis ball, or
straightened (extension), as when bowling underarm in cricket, or opened
(abduction) and closed (adduction).
Table 1.1 shows you the different types of movement you need to know
about, lists the joints that provide this sort of movement, and gives you some
examples of where you can see this type of movement in sports practice.
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Condyloid

Example
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Type of movement

Joints that provide it

Examples in sport

Flexion – bending movement that
decreases the angle between body parts

Shoulder, hip, elbow

Someone working out in the gym bends
their arm up when doing a bicep curl

Extension – straightening movement that
increases the angle between body parts

Shoulder, hip

A swimmer swings the arm backwards in
preparation for a racing dive

Adduction – movement that pulls towards
the midline of the body

Shoulder, hip

A golfer on the tee swings the club down
towards the ball

Abduction – movement that pulls away
from the midline of the body

Shoulder, hip

A gymnast moves their arms out sideways
at the shoulder when performing ‘the
crucifix’ on the rings

Rotation – movement around a single axis
or pivot point

Shoulder, hip

A tennis player serves

Circumduction – moving in a circular or
conical shape

Shoulder, hip

A cricketer bowls a ball

Dorsi-flexion
– bending or flexing the toes up, closer to
the shin

Ankle

A sprinter positions their feet in the
starting blocks

Plantar-flexion – extending or pointing
the toes down, away from the shin

Ankle

A floor gymnast points their toes

Table 1.1 Types of movement, related joints and examples from sport

Key term

Apply it

Circumduction: moving a part of
the body in a circular or conical
shape, as with a ball-and-socket
joint like the hip.

Consider the shoulder joint and the hip joint.

Practice

Practice

At any joint that has movement,
ligaments, muscles and tendons
hold the joint together – and
there is the potential for injury.
As part of your Personal Exercise
Plan (PEP), identify and describe
how you can:

Working with a partner, take it in turns to demonstrate a simple
movement and ask your partner to explain the movement (for example,
bending the arm shows flexion at a hinge joint).

a

Mime some sporting activities together, such as serving in tennis.
Together, identify what joints are involved and discuss the types of
movement taking place, for example: shoulder = ball and socket
= rotation.

prevent injury occurring in
the first place;

b deal with injuries if they
occur.

Give an example from a sport of your choice for each type of movement
possible in each joint: flexion, extension, adduction, abduction, rotation
and circumduction.

With the same partner, take it in turns to name a type of joint, and
ask them to demonstrate all types of movement possibilities at that
joint (for example, hinge joint = elbow = flexion, extension and
slight rotation).
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Ligaments and tendons
Ligaments and tendons are both types of strong
fibrous tissue.
Ligaments are elastic fibres that join one bone to
another, usually to hold things together and keep
them stable. They keep your skeleton supported,
while allowing movement at your joints.
One area where ligaments are especially important
in sport is the knee. When you walk or run, strong
ligaments on either side of your knee keep it
stable, while two ligaments crossing inside the
knee hold the joint together.
Not much blood flows through ligaments (or tendons), which means they
heal more slowly from strains or tears. Ligament injuries can be serious for
sportsmen and women. Golfer Rory McIlroy ruptured his ankle ligament
playing football for fun and missed the British Open at St. Andrews in 2015.

Torn ligaments are one of the most
common injuries in footballers.

Tendons are non-elastic fibres that attach muscle to bone, and help to move
them. Tendons let you apply power and movement, and are designed to
allow for pulley-like actions of muscles around a bone.
The tendons that you use more are stronger than the ones you don’t use
as much – so if you are a football player, the tendons in your foot will be
stronger than the tendons in your hands.
However strong your muscles are, you can still injure a tendon when playing
sport. This sort of injury can seem sudden, but it is usually the result of lots
of tiny tears the tendon has picked up over time. It often takes a long time
to recover from.
When you warm up, doing stretches helps prevent you injuring your
ligaments and tendons by gradually stretching the joint (ligaments and
tendons) further, before you actually perform.

Muscle types
Each of your muscles is made of many cells or muscle fibres. The muscles of
the body each fall into one of three groups:
•• voluntary muscles
•• involuntary muscles
•• cardiac (or heart) muscle.

Link it up

This classification is very important. The muscles work either voluntarily,
through different types of planned contraction, or involuntarily, contracting
and lengthening by themselves, as happens in the internal organs.

You will find more information
on the role muscle plays in body
composition in Topic 3, Section
3.1, including looking at Body
Mass Index (BMI).

All muscles are made up of protein. When we eat fish or meat, which is
protein, we are actually eating the muscle of the animal.
13
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Voluntary muscles
Voluntary muscles are under your control: you can choose when to contract
or relax them. All these muscles are attached to the skeleton by tendons, so
they are also known as skeletal. When your muscle fibres contract, or pull
against the skeleton, movement takes place.
These muscles are made up of cylindrical fibres, and are usually long and
thin (but get shorter and thicker when they contract). On average, they
make up 43 per cent of a man’s weight, and 36 per cent of a woman’s weight
(women naturally have a higher proportion of fat).

Involuntary muscles
Involuntary muscles are not under your control. They contract and relax
automatically, controlled by the involuntary nervous system, working all the
time to keep you alive. Involuntary muscles are found in the organs in the
digestive, circulatory and urinary systems. The muscles are made of spindleshaped fibres.

Key term
Vascular: relating to blood
vessels.

The involuntary muscles in blood vessels are especially important for sport
and physical activity. Vascular smooth muscle makes up most of the wall
of blood vessels. When it contracts or relaxes, it changes the volume and
pressure of the vessel, helping to redistribute the blood to areas where it is
needed most within the body – such as the active muscles you are using for
your movement.

Apply it

Cardiac muscle

Give an example of one place in
the body where the muscles are:

Cardiac muscle is only found in the wall of the heart. It is a very specialised
type of involuntary muscle – we cannot control when it contracts and
relaxes. Cardiac muscle is made up of interlaced fibres. These fibres can
spread electrochemical signals from the brain right through the heart, so
that all the cells can contract together. This regulates your pulse and pumps
all the blood in your body through your heart in less than a minute. When
you run, it is cardiac muscle that keeps your heart pumping in the right way.

•• not in your control
(involuntary)
•• where they are under your
control (voluntary).

The voluntary muscular system
The term ‘muscular system’ describes all the muscles in the body and the
way they work together. Working with the skeletal system, the voluntary
muscular system is the driving force behind movement, which happens
as a result of muscles contracting and lengthening. Muscles also define
body shape and help you to maintain your posture, whether you are
sitting or standing.
The voluntary muscular system is crucial when you are exercising or
playing sport. These are the muscles you can control. You can train them
to be stronger and to work for longer without getting tired. They are the
muscles you work on to improve flexibility and get a greater range of
movement at the joints. They are also the muscles you work on through
specific exercises – for example, press- ups, sit-ups and step-ups – during
a circuit training session.

Location and role of the main voluntary muscles
There are 12 specific muscles you need to know about. You need to know
where to find them, what action they perform and how you might see them
in action in sport or physical exercise.

Apply it
Using your own circuit training
card, or a sample card from a
circuit training session, identify
which muscles you use for each
exercise.

Apply it
Devise a circuit training card to
show what actions are taking
place and when, and which
muscles are responsible for each
action in the following exercises:
•• press-ups
•• sit-ups
•• step-ups.

Deltoids
Latissimus
dorsi

Biceps

Pectoralis
major

Triceps
External
obliques
Gluteals

Skeletal muscle

Smooth muscle

Cardiac muscle

Hip flexors
Quadriceps

Hamstrings

Tibialis
anterior

Gastrocnemius

Figure 1.8 The structure of the three types of muscle tissue
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Figure 1.9 The main muscles in the body
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Table 1.2 tells you about each of these 12 muscles, starting from the top of
the body and working downwards.

Deltoid
The deltoid is a powerful muscle that takes away (abducts) the upper arm
from the body. The deltoid is mainly responsible for lifting the arm above
the head: for example, when serving in tennis.

Muscle

Location

Function

Example in sport

Deltoids

Rounded,
triangular muscle on the
uppermost part of the arm
and the top of the shoulder

Move the arm in all directions
at the shoulder

Serving in tennis

Latissimus dorsi

Broad sheet of muscle that
extends from the lower
region of the spine to the
bone in the upper arm
(humerus)

Adduct and extend the arm
at the shoulder

Butterfly stroke in swimming

Pectoralis major

Covering the chest

Adduct the arm at the
shoulder

Forehand drive in tennis

Biceps

Front of the upper arm

Flex the arm at the elbow

Pull-up, drawing a bow in
archery

Triceps

Back of the upper arm

Extend the arm at the elbow

Press-up, throwing a javelin

Pectoralis major

External
obliques

To the side of the abdomen,
running from the lower half
of the ribs down to the pelvis

Pull the chest downwards;
flex and rotate the spinal
column; one side contracting
creates a side bend

Crunches in the gym

The pectoral muscle is another powerful muscle that works to move the arm
towards the body (adduct), draw the arm forwards and rotate it inwards. This
muscle is important in the swimming strokes front crawl and butterfly. The
bench press is a good exercise to improve the strength of the pectoral muscle.

Gluteals

Form the buttocks. Gluteus
maximus (the largest) lies
just under the skin, and is
attached to the femur (thigh
bone)

Adduct and extend leg at the
hips, pull the leg backwards

Pulling back leg before
kicking a ball

Biceps and triceps

Hip flexors

Sit deep in the front of the
hip and connect the leg,
pelvis and abdomen

Flex the hip, help move the
leg and knee up towards
the body

Lifting knees high in
sprinting

Quadriceps

Four muscles found on the
front of the upper leg

Extend the leg at the knee

Kicking a ball, jumping
upwards

Hamstrings

Found on the back of the leg,
stretching from the bottom
part of the pelvis to the tibia
(the shin bone)

Flex the leg at the knee

Bending knee before kicking
a ball

Gastrocnemius

Starts at the back of the
femur and comes together
with the soleus muscle to
form the Achilles tendon at
the back of the ankle

Pointing the toes (plantarflexing the ankle), helps to
flex the knee

Running

Tibialis anterior

Runs down the shin

Pulls the toes up towards the
shin (dorsi-flexes the ankle)

Ski jumping

You can improve deltoid strength through exercises such as bent-over
rowing and military press.

Latissimus dorsi
Latissimus dorsi a powerful muscle that brings the arms towards the body
(abducts), rotates them and draws them back and inwards towards the
body – as when someone swims butterfly stroke. The latissimus dorsi can be
developed by performing lat pull-downs on the weights machine, or pull-ups.

External obliques
The external obliques pull the chest downwards which compresses the
abdominal cavity. These muscles also enable the spine to rotate. These
muscles can be developed by side crunches or by performing the side plank

These muscles are described together because that is how they work –
together. When the arm is straightened (extended), the tricep contracts
while the bicep relaxes. The biceps and triceps are involved in throwing
actions, such as throwing the javelin or a cricket ball.
You can use many exercises to strengthen the biceps, including barbell,
dumbbell curls or preacher curls. For the triceps, you can use the triceps
stretch (extension). Chin-ups, parallel bar dips, and press-ups improve the
strength of both and are good tests of their fitness and strength.

Table 1.2 Location and function of the main muscles in the body

The latissimus dorsi is one of the main
drivers for your body as you swim

You use your biceps when performing
the bicep (dumbbell) curl

You use your pectoral muscles when doing the bench press

16

You would use your deltoid muscle
when serving in tennis
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Gluteal muscles

Antagonistic pairs

The gluteal muscles pull the leg backwards (extension) – for example, before
you kick a ball.

When a muscle contracts and pulls on a bone, it can produce movement in one
direction. However, muscles cannot push. So how can the bone move in the
opposite direction? A second muscle is needed to pull the bone the other way.

The gluteus maximus can cause poor posture if underdeveloped. Many
weight-training exercises help to develop this muscle, including squats, leg
presses and lunges.

Hip flexors

Squats can be useful for developing
gluteal muscles and quadriceps

To solve this problem, some muscles are arranged in twos, called an
antagonistic pair. When one muscle contracts and pulls, the other relaxes
to allow the joint to work. Examples include:

The hip flexors flex the hip to help you move your leg and knee up towards
your body. Hip flexors control your stride length, so they are important for
sprinting and hurdling, and they play a key role in being able to push forward
in rugby. Hip flexors are often ignored in training programmes, but can be
strengthened through exercises such as reverse lunges or straight leg raises.

•• the biceps and triceps muscles in the upper arm – these work together
to bend (flex) and straightened (extend) the elbow joint. This is what
happens during a press-up, bicep curl or tricep dip

Quadriceps

•• the gastrocnemius and tibialis anterior in the leg – the first acts to
plantar-flex the ankle, while the second acts to dorsi-flex it. This is what
happens during hurdling, or when you do a reverse calf raise.

The four quadriceps straighten (extend) the leg at the knee joint. Their most
common sporting use is when kicking a ball, which is why they are sometimes
known as the kicking muscles. Many exercises are suitable for strengthening
the quadriceps, including squats, seated leg press and leg extensions.

Key term
Antagonistic pair: muscles
that work together to create
movement.

•• the quadriceps and hamstring in the leg – when the quadriceps contracts,
the hamstring relaxes and the leg straightens. This is what happens
during a leg press or a squat

bicep
contracts

bicep
relaxes

Practice
Take a netball or a basketball and pass it to a partner using one arm. Your
partner should catch the ball and pass it back to you. With your other arm,
feel the muscles in the upper arm.

tricep
contracts

tricep
relaxes

•• Which muscle is working when you straighten your arm to pass?
•• Which muscle is working when you hold out your arm and bend it to
receive the pass back from your partner?
Figure 1.11 Two antagonistic pairs of muscles: the biceps and triceps
Gastrocnemius
Tibialis
anterior

Figure 1.10 Gastrocnemius and
tibialis anterior

Hamstrings
The hamstrings are so close to the surface that you can feel them behind
the knee. Hamstrings bend (flex) the knee and its tendons. The hamstrings
are so important in running that they are called the ‘sprinter’s muscle’. It
is crucial to warm up your hamstrings properly before sprinting to avoid
injury. Leg curls will help increase their strength, but use a lighter weight –
hamstrings are not as strong as quadriceps.

Exam-style question

Exam tip

1 Give an example of an antagonistic pair of muscles. (1 mark)

Gastrocnemius and tibialis anterior
The gastrocnemius is one of two major muscles that make up the calf
muscle. The gastrocnemius plantar-flexes the ankle. The tibialis anterior
muscle runs down the shin, and dorsi-flexes the ankle.

Draw a table with eight columns. In the left-hand column, list each of the
12 muscles in figure 1.9. Label the other columns with the words below.
Add ticks to the columns to show the movements that can be created by
each muscle. For example, biceps = flexion.

You can learn and apply a lot
of this knowledge while you
are performing your Personal
Exercise Programme. Make sure
you write this sort of detail into
your PEP so that you can revise
it later and be able to apply it in
exam questions.

The leg muscles are the largest and strongest in the body, and are very
important in most physical activities. In sports such as tennis, golf, and
especially throwing events in athletics, the initial movement comes from the
legs and is finished in the upper body.

••
••
••
••
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2 For the pair you have chosen, explain how they function together to
perform a specific action. (3 marks)

Apply it

flexion
extension
adduction
abduction

•• rotation
•• plantar-flexion
•• dorsi-flexion
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Practice
The programme you plan and
follow (PEP) will depend upon
personal circumstances. For
example, if you choose circuit
training as one of your methods
of training then you need to
consider your age, current level of
fitness, what you want to achieve,
your activity, and the time you
have available to train. It is
important to know which muscle
groups you are going to work
on so you know which exercises
to use. For most people a core
programme working on the upper
body, abdominal muscles and
lower body would be suitable.

Applied anatomy and physiology

Fast and slow twitch muscle fibres

How the skeletal and muscular systems work together

Voluntary muscle is made up of bundles of individual fibres. Each fibre
contains many myofibrils, which are strands that can grab on to each other
and pull to make the muscle contract.
Muscle fibres can be of two main types:
•• slow twitch (type I)
•• fast twitch (type II).
Fast twitch fibres can be broken down into two further types: type IIa and
type IIx.
We all have both types of fibre in our muscles but in different quantities,
probably determined by our genes – and this may affect what sports we are
naturally good at.
Athletes with slower twitch fibres tend to do better in endurance activities,
such as long distance running or cycling. Slow twitch fibres (type I) are red
in colour because they contain a lot of blood vessels, and they have a good
oxygen supply, which is necessary to supply energy to the working muscles.
These muscles contract slowly, but they can work for long periods under
great stress.
Athletes with faster twitch fibres tend to do better in speed events, such
as sprinting or jumping. Fast twitch fibres (types IIa and IIx) are lighter in
colour because they don’t use oxygen to make energy. They work much
more quickly, but they also tire much more quickly.
Most of your muscles are made up of a mixture of both slow and fast twitch
muscle fibres. However, muscles that help you keep your posture, like the
soleus muscle in your lower leg and the muscles in your back, have mainly
slow twitch muscle fibres, while your fast-moving eye muscles have mainly
fast twitch muscle fibres.

nucleus

Practice
Think of two sports people who
participate in very different
sports for example, Usain Bolt
and Mo Farah. Consider the
sort of activities they do. Which
would you associate fast twitch
fibres with and which would you
associate slow twitch fibres with?

filaments

muscle fibre

myofibril
cytoplasm

The muscular system is composed of more than 600 muscles, including
the involuntary muscles of the heart and the smooth muscles of the
internal organs. The skeletal muscles connect to the bones and work
with connective tissue at the joints to allow for movement. The muscles
connect to the nervous system, which allows movement to start through
nerve signals to and from the brain.
Working together, the joints, bones and skeletal muscles of the body
make up your musculo-skeletal system. Together, their main function is
to create movement, but they also work to keep you stable, protect you
and give you good posture.
The bones, joints and muscles also work together as levers in the
body. Depending on the location of the load in relation to the joint or
fulcrum, when you lift an object your muscles and bones can create
a mechanical advantage or a mechanical disadvantage. The closer
the load is to the joint and the further away it is from the muscle, the
easier it is to lift the object. On the other hand, the further the load is
from the fulcrum and the closer the effort is to the fulcrum, the more
difficult it is to move the object.
The point where the muscles and the bones connect – the point of
articulation – is known as a joint.
Tendons are a form of connective tissue that connects muscle to bone.
Skeletal muscles that produce movement are attached to two bones that
articulate or meet. When movement occurs at a joint, only one of the
articulating bones moves. The bone that doesn’t move is called the point
of origin for the skeletal muscle. The bone that moves is called the point
of insertion for the muscle.

Fulcrum: the point at which a
lever turns or is supported.
Articulation: the state of having
a joint; being a joint.
Articulate: act as a joint.

Exam-style question

Exam tip

1 When performing press-ups in your circuit training session, which
muscle contracts when you do a press-up? (1 mark)

Remember not to use
abbreviations such as pecs for
pectorals, abs for abdominal,
glutes for gluteals or quads
for quadriceps when you write
answers in the exam. Try to use
the correct terms when you are
speaking too, as this will get you
used to doing it correctly and
help make sure you do not slip
up in the exam.

2 What is the term used to describe the increase in muscle size due to
training (for example, in your PEP)? (1 mark)
3 What is the term used to describe a reduction in muscle size due to
inactivity? (1 mark)

membrane

Figure 1.12 Muscle fibres are made up of myofibrils
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1.2 The structure and functions of the cardio-respiratory system
Getting started
A strong heart, healthy blood and good lungs are important for any
athlete – but why?
•• Which sorts of exercise makes your heart beat faster?
•• Do you know any of the components that make up your blood?
•• Which are the sports where having good lung capacity is key?
Task Look at the sports news on a national news website. Pick three
athletes and explain why having a healthy heart and good lungs is
particularly important in their particular sport.

Learning objectives
By the end of this topic you will understand:
•• the main functions and structure of the cardiovascular system and its
role in physical activity
•• the structure of arteries, capillaries and veins
•• how blood flows and is distributed
•• the function and importance of red and white blood cells and platelets
•• the composition of air, and how vital capacity and tidal volume impact
on sporting activity
•• the location and role of parts of the respiratory system
•• the structure of the alveoli and the process of gas exchange
•• how the cardiovascular and respiratory systems work together to let us
take part in sport.

Key term
Cardio-respiratory system: the
interaction of the heart and lungs
to supply oxygen to muscles
during exercise.
Cardiovascular: to do with the
heart, blood and blood vessels
together.

What does the cardiovascular system do?
The cardiovascular system – sometimes called the circulatory system or
circulation – is the system formed by your heart, blood vessels and blood.
‘Cardio’ means to do with the heart, and ‘vascular’ means to do with the
blood vessels.
There are three important functions that the cardiovascular
system performs.
1 It transports oxygen, carbon dioxide and nutrients
The heart pumps oxygen round the body, which is the fuel your muscles
need to work. If the muscles need to work for longer (e.g. for a long
race) or harder (e.g. for a sprint) the heart works harder to increase
oxygen levels. The circulatory system carries away waste products that
cells produce, like carbon dioxide, and gets nutrients such as water and
amino acids to the places where they are needed.
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2 It helps the blood clot
The blood contains platelets. If we cut ourselves, these platelets help
to clot the blood, forming a scab that stops the bleeding and heals the
wound. In some sports, such as rugby union, cuts are common, so this
function of the cardiovascular system is crucial.
3 It controls the body’s temperature

Key terms
Vasodilation: when veins swell
up or dilate.
Vasoconstriction: when veins
shrink down again.

If your body gets too hot, the blood vessels close to your skin get bigger
or dilate (vasodilation). Because they have a larger surface area, more
heat is conducted across the skin into the air. If your body gets too cold,
the blood vessels get smaller or constrict (vasoconstriction). Because
they have a smaller surface area, less heat is lost across the skin and the
body holds onto more heat.
The whole action of the cardiovascular system is called the cardiac cycle.

Apply it
Investigate why temperature control is important in sport. Do some
research to find out about the risks of getting too hot or too cold while
doing physical activity. Make notes about the following:
•• hypothermia
•• dehydration
•• hyperthermia

•• core body temperature.

Explain the effects of, or changes to, one of the points you have
researched to a partner.

The cardiovascular system and exercise
Cardiovascular fitness – the ability to exercise the entire body for long
periods – is an important part of Health Related Exercise (HRE). It requires
a strong heart and clear blood vessels to supply the muscles with plenty of
oxygen via the blood.
Exercise makes your body work harder. As a result, your muscles require more
oxygen, which means your body needs more oxygen and more nutrients, such
as glycogen, to function properly. Oxygen and nutrients are carried to your
muscles by the blood, so your heart has to work faster to pump blood around
your body. This means that your heart rate (beats per minute) increases.
To bring about a change in your heart rate, your body releases adrenaline,
which is the main cause of changes in heart rate and blood pressure. Adrenaline
is a hormone. It makes the heart beat faster and, among other things, causes
glycogen to be released by the liver, and blood to be diverted away from the
organs to the muscles, which need to work harder during exercise.
After you eat, more blood is sent to your digestive organs to carry nutrients
to the muscles. Adrenaline diverts blood away from the digestive organs –
one reason why it is not a good idea to exercise after eating a large meal.
Stressful situations, such as taking part in an important competition, can
also cause adrenaline to be released.
23

Apply it
List five sports that involve
cardiovascular fitness: for
example, in athletics an athlete
running 1,500 metres would
involve cardiovascular activity but
a long jump would not.
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The heart
The heart is a muscular pump. It has four chambers: two atria that collect
the blood as it comes into the heart, and two ventricles that pump the
blood out of the heart. The atria make up the top half of the heart, with the
ventricles below. Valves between the atria and the ventricles make sure that
the blood cannot flow backwards.
Blood from the left ventricle has to go right round the body, so this ventricle
is thicker. Blood from the right ventricle only has to reach the lungs, so this
ventricle is thinner.
A central partition called the septum divides the heart into two halves, left
and right. The right side of the heart pumps deoxygenated blood (blood not
containing oxygen) to the lungs to pick up oxygen. The left side of the heart
pumps the oxygenated blood from the lungs around the rest of the body.

•• The venous blood passes from the right atrium to the right ventricle
through a valve with three cusps, called the tricuspid valve.
•• The blood then passes through the pulmonary valve into the pulmonary
artery, and on into the lungs where it will pick up oxygen.
•• Oxygenated blood from the lungs returns to the heart through the
pulmonary vein and collects in the left atrium.
•• It passes into the left ventricle through a valve with two cusps, the
bicuspid valve.
•• The oxygenated blood is ready to be sent round the body, through an
artery called the aorta.

How the heart pumps the blood
You will be familiar with what a heartbeat is like, with its ‘lub dub’
rhythm. This rhythm is created by different phases in the heart’s
pumping cycle.

Key
= oxygenated blood
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aorta
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gut
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Venous: to do with the veins.

vena
cava

Left ventricle

Pulmonary
valve

Vena cava: large vein bringing
deoxygenated blood into the
heart.

lungs

Left atrium

Right
atrium

Key terms
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Right
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Figure 1.13 The structure of the heart

How deoxygenated blood gets oxygenated again
•• The vena cava brings venous (deoxygenated) blood from the body into
the right atrium, where it collects.
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kidney
renal vein

renal artery
Key

deoxygenated blood
oxygenated blood

Figure 1.14 Blood vessels work to move blood around your entire body
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Key terms
Cusp: a triangular fold or flap of
a heart valve.
Pulmonary: to do with the lungs.
Vein: tube that carries blood
back to the heart.
Artery: muscular tube that carries
blood away from the heart.
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Key terms
Systole: the phase of the
heartbeat when the heart muscle
contracts and pumps blood from
the chambers into the arteries.
Diastole: the phase of the
heartbeat when the heart muscle
relaxes and lets the chambers fill
with blood.
Blood pressure: pressure of
the blood against the walls of the
blood vessels, especially
the arteries.

Applied anatomy and physiology

The first phase is when the heart contracts, called systole. This is when
blood is being pumped around the body. The deoxygenated blood in the
right ventricle goes into the pulmonary artery on its way to the lungs, while
the oxygenated blood in the left ventricle goes through the pulmonary valve
into the aorta, and on its way around the body.
The second phase is when the heart relaxes, called diastole. This is when
the heart is refilling with blood. The ventricles are filling and relaxing, while
the atria are just relaxing.
More oxygenated blood is required during exercise as more deoxygenated
blood is generated when we are doing exercise and playing sport.

Apply it
Take a moment to concentrate on your heartbeat and feel your pulse.
Can you identify the phases the heart is going through? Can you identify
the systole and diastole? Explain these terms to a partner.

Arteries
An artery is a vessel leaving the heart.
Arteries have thicker walls, are more elastic and have higher pressure than
veins. Most arteries are carrying arterial or oxygenated blood away from the
heart, and they pulsate as the heart beats.
The channel the blood flows through, called the lumen, can widen to allow
more blood through the arteries. This happens when you exercise, so that
more blood can reach you working muscles more quickly.
The pulmonary artery is different from other arteries, as it carries venous
(deoxygenated) blood from the heart to the lungs. Even though is carrying
venous blood, it is still classed as an artery because it is leaving the heart.

Exam tip
Arteries carry oxygenated blood
away from the heart. You can
remember this as A for arteries =
A for away.

Arteries are important in sport because they carry the oxygenated blood
away from the heart, sending it on its way around your body to the muscles
that need oxygen to work hard.

Veins

Link it up
You can find more information
on blood pressure in Topic 3,
Section 3.4.

Blood pressure

A vein is a vessel going to the heart.

Blood pressure is a measure of the force that your heart uses to pump
the blood round your body. In sport, high blood pressure can indicate
a higher risk of health problems in the future. Some experts say that
blood pressure is the most important aspect of fitness that you should
monitor, because it is such an important factor in participation and
performance.

Veins have much thinner walls, are less elastic and carry blood at a lower
pressure than arteries. Veins rarely pulsate.

When you have your blood pressure read, the result has two numbers:
for example, 135/95. The top number is your systolic blood pressure
– the highest pressure, when your heart is pushing blood round your
body. The bottom number is your diastolic blood pressure – the lowest
pressure, when your heart is relaxing.

The pulmonary veins are different from other veins, as they carry arterial
(oxygenated) blood from the lungs back to the heart. Even though they
carry arterial blood, they are still classed as veins because they are entering
the heart.

The structure of the blood vessels
There are three main types of blood vessel:
•• arteries – which generally take blood away from the heart
•• veins – which return blood it to the heart
•• capillaries – distribute blood within the organs
During exercise or physical activity the arteries, veins and capillaries
work together to supply your muscles with the oxygen they need to
work, by providing oxygenated blood and carrying away deoxygenated
blood, taking it back to the heart so that it can be re-oxygenated. This
process has to work very hard during physical activity and improves with
cardiovascular fitness.
The structure of the arteries, veins and capillaries is different.
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Veins contain many valves, which keep venous blood flowing to the heart,
and make sure that it doesn’t flow backwards. There is a tendency for this to
happen because venous blood is often flowing upwards, against gravity.

Veins are important in sport because they bring the deoxygenated blood
back to the heart for it to be re-oxygenated, ready for use in the process of
releasing energy.

Capillaries
Capillaries are microscopic vessels – just one cell thick – that link arteries
with veins. The blood pressure in capillaries is very low.
At one end, capillaries carry arterial blood, which transfers oxygen and
nutrients to the muscles. At the other end, they carry venous blood into
the veins, picking up waste products and taking them round the body to be
disposed of. For example, veins carry carbon dioxide back to the alveoli, to
be released into the lungs and breathed out.
Capillaries are where gas exchange takes place. Oxygen goes through the
capillary wall and into the tissues, while carbon dioxide passes from the
tissues into the blood.
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Apply it
Make two lists headed ‘arteries’
and ‘veins’. List the differences
and similarities between the two.
For example, arteries carry blood
at higher pressure than veins.
Compare your answers with
a partner.
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A capillary is very
small. Its wall is
only on cell thick.

The wall of an artery is
thick, with a lot of muscle
and elastic fibres.

The lumen of a capillary is
just big enough for a red
blood cell to squeeze
through.

The lumen (the space
inside, where the blood
is) is small in relation to
the diameter of the artery.

The lumen is relatively large in
comparison to the diameter of
the vein.

The wall of a vein is relatively
thin with just a little muscle or
elastic fibre.

Figure 1.15 Cross-sections through an artery, a vein and a capillary show the difference in size and structure of the vessels

Capillaries are important in sport because they are the points where
oxygenated blood is delivered to the muscles, and where deoxygenated
blood is taken away from the muscles.

Exam-style question

Apply it

1 Explain the importance
of the capillaries in the
cardiovascular system.
(3 marks)

Smoking can create many serious health problems for people because of
its impact on the arteries. Research the reasons why it is so harmful, and
write notes to help you explain your findings to a partner.

Blood distribution
Exam tip
Remember that capillaries come
in between arteries and veins,
and that they carry both types
of blood – oxygenated and
deoxygenated.

When you exercise, the distribution of blood in your body changes. Your
muscles need a lot more blood for movement, so your body works to get
more blood to your muscles. This process is called vascular shunting.
When you start to exercise or play a physical game, you heart starts to beat
faster and your blood vessels get narrower (constrict). Blood is sent to the
working muscles to help them work harder and more efficiently, so your
blood pressure rises. Your reflexes get faster and your muscles may tense
up, allowing the blood to reach your muscles and the waste products to be
taken away more efficiently.
As your muscles work harder, the oxygen levels drop, causing a build-up of
lactic acid and carbon dioxide. This makes your blood vessels widen (dilate),
to make it easier to get the oxygen to the muscles, and causes the blood
pressure to drop. As you know, exercise can make your temperature rise, and
this makes the blood vessels in the skin dilate so that the blood can flow
more easily to get rid of the heat.
Regular exercise helps this process work better and more efficiently. When
you warm up, you are setting this process into action before your event or
game. When you cool down, you are gradually returning your body to its
pre-exercise levels.
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Red blood cells, platelets
and plasma
Most of us think of blood as a simple
red liquid. However, when you look
at it through a microscope, blood
looks quite different – millions of
cells floating in a yellowish liquid.
In fact, blood is made up of four
distinct components: red blood
cells, white blood cells, platelets and
plasma. Each component plays an
important role in physical activity
and sport.
From left to right, a red blood cell, a platelet and a white blood cell

Red blood cells
Most of the cells in your blood are orange discs called red blood cells or
erythrocytes. The pigment that gives the cells their colour is haemoglobin,
and this is the part of blood that attracts oxygen, picking it up in the lungs
and delivering it to the tissues.
When it comes to health and fitness, red blood cells play a key role. Having
the right concentration of red blood cells (cell or blood count) can make the
difference between health and illness, or between success and failure.

High cell count
One cubic millimetre of healthy blood contains an average of five million red
blood cells – but this may vary considerably. People born at high altitude
(for example, in the Kenyan highlands) have a higher cell count because
there is less oxygen in the air, so their blood has to be super-efficient at
picking up oxygen. Athletes from these countries often do exceptionally well
in long-distance races, such as 5,000m, 10,000m and the marathon. Other
athletes may go to train in these countries to improve their red cell count
and therefore performance in distance races.
Low cell count
A low red cell count – known as anaemia – causes you to be breathless and
lacking in energy. This condition has many causes. For example, if you lose a
lot of blood you can become anaemic. A lack of iron can cause anaemia too,
because the body needs iron to create red blood cells. Taking iron tablets or
eating iron-rich foods such as liver or spinach can help.
White blood cells
The blood also contains transparent cells called white blood cells or
leukocytes. These have an important function as the defence system of the
body, because they destroy pathogens, which can cause illness. Some white
blood cells completely engulf bacteria or viruses and digest them, while
others destroy the pathogens with chemicals called antibodies.
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Key terms
Erythrocyte: red blood cell.
Haemoglobin: a red protein in
the blood that transports oxygen.
Anaemia: a condition where
there is a lack of red cells or
haemoglobin in the blood.
Leukocyte: white blood cell.
Pathogen: an agent that causes
disease, such as a virus.
Antibody: chemical that destroys
a pathogen.
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Key terms
Immune system: the structures
and processes in your body that
stop disease.
Thrombokinase: substance
involved in blood clotting.
Serotonin: hormone that triggers
the clotting process.
Plasma: the fluid part of blood.

Applied anatomy and physiology

One way of keeping healthy is by encouraging white cells to produce
more antibodies than are needed to combat pathogens, making them
immune from attack. This is called boosting your immune system. Ways
to boost your immune system include taking vitamin C and eating a
‘rainbow’ of foods.

Apply it

•• to remove carbon dioxide from the body.

Research the term a ‘rainbow of foods’. Explain to a partner why a varied
and balanced diet is important. What other ways can you improve your
immune system? Do some research and discuss your findings with a
partner or small group.

In any sort of sport or physical activity, the respiratory and cardiovascular
systems must work closely together to keep the body supplied with the
oxygen it needs, and to keep it functioning efficiently.

In fact blood is the first line of defence for the repair of an open wound.
This is brought about by a series of chemical reactions. When a blood vessel
is cut, platelets rush to the site of the injury and swell into odd irregular
shapes. They become sticky and block the cut, acting as a plug. If the
platelets cannot cope with a large cut, a signal is sent out for the blood to
start clotting by releasing a hormone called serotonin. Serotonin causes
the blood vessels to contract and this reduces the flow of blood. As well as
stopping the bleeding, clotting also helps to build new tissue. When giving
First Aid we can assist the repair process by pushing together the edges of
the wound and compressing firmly with a sterile pad.

Remember that ‘explain’
questions are asking you to give
reasons why something happens.
So to answer the first part of this
question, don’t just say what the
problems are; explain why they
happen. In the second part of the
question, all you need to do is
state a type of athletic event.

Every tissue within the body needs oxygen to function. The respiratory
system is the system of organs and vessels that gets oxygenated blood to
the body tissues and removes waste gases. It has two main jobs:
•• to get oxygen into the body

Blood platelets
Blood platelets are formed in the red bone marrow. They are concerned
with the production of a substance called thrombokinase, which is
essential for the clotting of blood. A decreased number of platelets in
the blood can be an extremely serious condition, for example when
undergoing an operation.

Exam tip

The respiratory system

Plasma
Blood plasma is a pale, straw-coloured liquid made up of 90 per cent water.
It contains a range of substances including sodium chloride (common salt),
calcium, sugar (glucose), antibodies, urea and other waste products. Plasma
also contains substances called plasma proteins, which are important for
maintaining circulation between the cells and the tissues.
Plasma is important in sport because, without circulation between the cells
and the tissues, oxygen transportation cannot happen – and that means
muscles cannot get the energy they need to work.

Exam-style question
1 Explain what problems may face athletes not used to competing or
training at high altitude. (3 marks)
2 What type of athletic event might cause this problem? (1 mark)
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Inhaled and exhaled air
The air you breathe in is 20 per cent oxygen and 0.4 per cent carbon dioxide.
The air you breathe out is 16 per cent oxygen and 4 per cent carbon dioxide.
How does this happen?
When you are resting, you breathe about 21 times per minute, taking in
around half a litre of air with each breath. When you exercise, you breathe
more often and take in more air with each breath – because you need
more oxygen to give your muscles energy. When you take part in vigorous
exercise, you breathe even more deeply or pant.
Being able to breathe more deeply can improve your performance in certain
sports. Taking regular exercise enables you to take in more air with each
breath, and thus improve the supply of oxygen to your muscles.

Practice
Devise a way to measure your
breathing rate and then measure
your breathing rate when
resting. Then perform a short,
fast exercise and record your
breathing rate again. Compare
the two scores with a partner.
How have the rates changed?

Vital capacity and tidal volume
Vital capacity and tidal volume are two measures that feature in sports
training and evaluation. Sports coaches and physiotherapists can use them
to estimate the efficiency of a sportsperson’s respiratory system.
•• Vital capacity is the greatest amount of air that can be made to pass into
and out of the lungs by the most forceful inspiration and expiration.
Normally this is about 4 to 5 litres.

Key terms

•• Tidal volume is the amount of air inspired and expired with each normal
breath at rest or during exercise.

Expiration: breathing out.

When you exercise, your tidal volume increases because the amount of oxygen
you need goes up. Your lungs have to work harder to meet your body’s demand
for oxygen, so that your cells can produce the extra energy they need. During
exercise, your body produces more carbon dioxide too. Increasing tidal volume
is one way for your lungs to exhale this extra carbon dioxide more rapidly.
Interestingly, studies show that exercise makes little difference to your vital
capacity. The maximum amount of air you can take in and breathe stays
around the same. What changes is your ability to take oxygen in and get it
to where it is needed.
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Inspiration: breathing in,
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Main components of the respiratory system

Key terms
Respiration: the movement of
air from outside the body into
the cells within tissues.
Diaphragm: sheet of muscle that
separates the chest from the rest
of the body cavity.
Trachea: windpipe.
Bronchus (pl. bronchi): tube
along which air passes from the
trachea into the lungs.
Bronchioles: smaller branches
coming off the bronchi.
Alveoli: tiny sacs at the end
of the bronchioles, where gas
exchange takes place.
Haemoglobin: a type of protein
found in every red blood cell.
Gaseous exchange: the delivery
of oxygen from the lungs to the
bloodstream and the removal of
carbon dioxide from the tissues.

The lungs are the main organ involved in respiration, but other organs and
parts of the body are involved.

The air passes through the trachea (the tube that takes air into the chest)
into one of two branches called the bronchi, through which air passes
into either lung. Smaller branches called bronchioles extend out from the
bronchi and at the very ends of these they form millions of tiny sacs called
alveoli. These are surrounded by capillaries (very narrow tubes) that carry
blood. In the alveoli, oxygen passes into the blood so it can be transported
around the body.

bronchus

Alveoli

oxygen in

red blood cells
in capilliary

carbon
dioxide
out

Structure of alveoli
The alveoli are surrounded by capillaries (very narrow tubes) that carry blood.
Haemoglobin in the blood attracts oxygen, which passes into the blood so it
can be transported around the body to be deposited in the living cells.

While oxygen is taken in, carbon dioxide is given
out, or exchanged, into the alveoli and is then
breathed out.

trachea

intercostal
muscles

bronchioles
ribs

alveoli

oxygenated
blood

deoxygenated
blood

When breathing in (inhaling), the intercostal muscles (the muscles
between the ribs) contract and lift the chest upwards and outwards while
the diaphragm tightens and lowers. The diaphragm changes from a
dome shape to a flatter shape when we breathe in, and relaxes when we
breathe out, moving upwards back to a dome shape. These actions open
the lungs and create a vacuum inside so that air (with oxygen) can rush
in through the nose and mouth, where it is warmed, moistened
and filtered.

A series of chemical reactions (called tissue respiration) then takes place,
which combines glucose (from the food you eat) with the oxygen to release
energy, along with carbon dioxide and water. The energy released is used to
help us move, grow and to keep warm.
larynx

air

left lung
diaphragm
muscle
diaphragm

Figure 1.16 Can you describe the functions of each part of the
respiratory system?
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This whole process is known as gaseous
exchange. To make this process as efficient as
possible, the alveoli have a very large surface
area. If all the alveoli in one person’s body were
flattened out, they would cover over 55 square
metres – about half the floor space of the
average family house in the UK! It is the alveoli
that give your lungs their spongy texture.
The linings of the alveoli are very thin and only
work well when they are moist and clean. A
healthy person has an efficient mechanism for
ensuring this. When you breathe air in through
your nose it is:

Figure 1.17 Gas exchange in an alveolus

•• filtered by the hairs at the entrance to your nose and by your mucus,
which is sticky
•• warmed by blood vessels passing close to the linings of your nose
•• moistened by water vapour.

How the cardiovascular and respiratory systems work
together
It is very important to remember that an efficient respiratory system aids
the cardiovascular system by providing a constant supply of oxygen for the
muscles and by removing carbon dioxide. This is why efficient cardiovascular
and respiratory systems (cardio-respiratory systems) are so important
to everyone, not just elite sports stars, and are vital to both health and
performance in sport and physical activity.
During exercise, the body needs to take in a sufficient supply of oxygen
and eliminate the carbon dioxide produced by the muscles while they are
working. Oxygen is breathed in and carbon dioxide breathed out in a process
known as gaseous exchange.
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Key term
Oxygen debt: a temporary
shortage of oxygen in the body
tissues.
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Your body at rest and at work
Your body needs less oxygen when you are at rest because your muscles are
not working so hard. An average person breathes about 21 times a minute
during rest. You take in more air with each breath during exercise, as you
need more oxygen to give your muscles energy. Vigorous exercise may result
in you breathing more deeply or panting, but your breathing should still
sound smooth, without any wheezing or bubbling sounds as might occur
during a cold or flu.

The impact of exercise
Breathing is greatly affected by exercise. However quickly the heart beats,
it cannot carry enough oxygen if not enough is reaching the lungs. The
efficiency of breathing depends on how much oxygen can be removed from
the air. The most important structures in oxygen uptake are the alveoli, and
these can be damaged, for example, by smoking.
After intense exercise, athletes often gasp for air

An efficient respiratory system allows more oxygen to reach the blood and
consequently the muscles. This is important because the harder and longer
(intensity and time) the physical activity, the more oxygen is needed to keep
the muscles working and the more carbon dioxide produced.

Oxygen debt

Key term
Anaerobic exercise: working
at a high intensity level without
oxygen for energy production.

Working very hard may result in the body needing more oxygen than it can
get. This is known as oxygen debt.
Oxygen used during anaerobic exercise often results in oxygen debt. This
is the amount of oxygen needed to oxidise lactic acid to carbon dioxide
and water. Oxygen debt is repaid through deep, gasping breaths at the end
of the activity. These enable as much oxygen as possible to be taken into
the respiratory system, while eliminating as much as possible of the waste
produced, mainly in the form of carbon dioxide.

After a sustained period of regular exercise, the improved efficiency of the
lungs will allow better delivery of oxygen to the working muscles, which
means that the body will be able to cope better during exercise. Carbon
dioxide will be removed more efficiently, which means that the body will
be able to cope with a greater increase in the production of carbon dioxide
during exercise.
More alveoli become available for gaseous exchange after regular exercise
too, which means that more oxygen can be absorbed by the capillaries
and more carbon dioxide taken from them. As a result, VO2 max (aerobic
capacity) is increased.
Regular exercise also increases the number of blood vessels. The increase
in capillaries around the alveoli means more oxygen can get into the blood
and to the muscles.

This may occur, for example, at the end of a race such as the 400m in which
the best runners complete in around 45 seconds and are very out of breath
at the end.

Exam tip

Exam-style question

Generally these are questions
where you either know or do not
know the answer. You cannot
work them out. You have to learn
the correct terms. It will help you
if you test yourself on all the key
terms in this topic and make sure
you understand them.

Give the term for each action described in the following statements.
1 The amount of air breathed in or out of the lungs in one breath.
(1 mark)
2 The maximum amount of air that can be forcibly exhaled after
breathing in as much as possible. (1 mark)
3 The amount of oxygen consumed during recovery, greater than that
which would usually have been consumed in the same time at rest.
(1 mark)
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Key term
VO2 max: the volume of oxygen
an athlete can consume while
exercising at maximum capacity.
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1.3 Anaerobic and aerobic exercise
Getting started
Think about what happens when you exercise.
•• What sort of exercise leaves you out of breath?
•• How does doing exercise affect your appetite?
•• Have you ever had cramp? If so, when?

Learning objectives

Anaerobic respiration
However, when you muscles have to work really hard, a different process
kicks in. Your muscles need more energy, but your body cannot deliver
enough oxygen to them, so anaerobic respiration begins. Anaerobic is a
different way to get energy, without oxygen. Glucose is still used, but now
there is a waste product called lactic acid.
glucose è energy + lactic acid

Key terms
Lactic acid: a colourless acid
produced in muscle tissues
during strenuous exercise.
Cramp: painful, involuntary
contraction of a muscle, usually
caused by fatigue.

Anaerobic activities are usually short but intense: you work your muscles,
but then have a break. Examples of anaerobic sports include sprinting,
lifting weights and playing football.

By the end of this section you will know about:

Key terms
Glucose: a major source of
energy for most cells in the body.
Glycogen: this is mainly stored
in your liver and muscles and
provides a readily available
source of energy.
Aerobic respiration: the process
of releasing energy from glucose,
done with oxygen.
Anaerobic respiration: the
process of releasing energy from
glucose, done without oxygen.

•• how the body uses glucose and oxygen to release energy

Lactic acid

•• how fats and carbohydrates give energy for different sorts of activity.

Lactic acid is a poison. After a while, it makes your muscles ache. Eventually
it cause cramp, and the muscles stop working. You have to rest while the
blood supplies oxygen to your muscles so that they can recover.

Energy
Muscles need energy to work. That energy comes from food, which is mainly
converted to glucose in the body. The muscles and liver store glucose
as glycogen. This can then be converted back to glucose for use during
exercise. To work most efficiently muscles also need plenty of oxygen.

During more gentle exercise – up to 75 per cent of your maximum work rate
– lactic acid builds up slowly. However, when you exercise is at a higher work
rate, it builds up in the muscles much faster.

Production of energy with oxygen is called aerobic respiration; production
of energy without oxygen is called anaerobic respiration.

Aerobic respiration
The usual process for releasing energy for your muscles is called aerobic
respiration. ‘Aerobic’ means with oxygen, and for this sort of respiration,
your body’s usual intake of oxygen is enough to give your muscles what
they need.
The equation for aerobic respiration is:
glucose + oxygen è energy + CO2 + water

Link it up
For more information on
respiration see Section 1.2 in
this topic.

Glucose and oxygen are brought to the muscles in the blood, where
respiration takes place and energy is released. The waste products – carbon
dioxide and water – are absorbed by the blood and taken away.
Any exercise that increases your heart rate to a certain level – between 65
and 85 per cent of its maximum – is aerobic exercise. Examples are sports
like running, swimming and cycling.

Exam tip
Know which training methods
work aerobically and which work
anaerobically, and take notice
of this when you use them in
your PEP.

Exam-style question
1 Identify two training methods that can be used to improve aerobic
fitness. (2 marks)
Cramp oftens strikes at the end of a long, hard game of football

36

37

Link it up
For more information on cramp,
see Section 1.4 later in this topic.
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Apply it
Think about the different sports
and physical activities you do.
•• Which of these are aerobic and
which are anaerobic?
•• Which activities involve both
types of respiration?
Write a list of your findings and
discuss these with a partner.

Exam tip
The prefix ‘an-’ means ‘without’, so
‘anaerobic’ means without oxygen.
This question is asking about the
type of activity in which muscles
need more energy than can be
supplied with oxygen.

Applied anatomy and physiology

Build-up of lactic acid can happen because of poor training, or can simply
be because of the level of effort you are putting in. For example, someone
who is running a marathon or playing a football match that has gone into
extra time may find they suffer from cramp because of the lactic acid in
their muscles.

Exam-style question
1 Identify the waste product created by the muscles during anaerobic
activity. (1 mark)
2 Explain the effects that this waste product can have on the body.
(2 marks)

Energy sources
Energy comes from a range of different foods, including fats and
carbohydrates. Carbohydrate is the main energy source for high-intensity
exercise, while fat can provide energy for low-intensity exercise for long
periods. For moderate-intensity exercise, energy will come from equal
amounts of carbohydrate and fat.

Fats

Key terms
Fats: a rich source of energy, but
many modern diets provide more
than our bodies need.
Carbohydrates: the body’s main
source of energy.

Fats usually provide most of the body’s energy needs. When you eat fat,
it is broken down into fatty acids, which are transported in your blood and
delivered to your cells. Any fatty acids that are not needed straight away can
be stored in fat cells. Storing fat is easy for our bodies to do.
Fats are found in butter, margarine and cooking oils, as well as in foods
such as bacon, cheese, fish and nuts. Your daily intake of fats should be no
more than 30 per cent of your total diet.

Carbohydrates
Your body’s cells use this source
of energy more easily than fat.
Carbohydrates can only be stored
in small amounts – enough to last a
day or two – so your body tends to
use them first for energy.
When you eat carbohydrates, they
are broken down into glucose or
glycogen, which can be absorbed
through the walls of your small
intestine. Glucose passes through
your liver, then goes into your
circulatory system, making your
blood glucose levels rise.
However talented you are, and however hard you train, you still need a balanced,
sensible diet to do your best
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Once your cells have used as much
glucose as they need, some of the

excess is stored in the liver, ready to be distributed if your blood glucose
levels get too low. The rest can be turned into fat for longer-term storage.
There are two types of carbohydrates, complex and simple.
•• Complex carbohydrates (starch) are found in natural foods such as
bananas, brown rice, wholemeal bread, wholemeal pasta, nuts and
potatoes. Foods of this type help to provide energy for exercise and
should form about half of your daily intake.
•• Simple carbohydrates (sugars) are found in their natural form in fruit
and vegetables, and in their refined form in biscuits, cakes, chocolate and
confectionery.
The energy you need to work and to exercise should come from complex
carbohydrates because they provide a slower and longer lasting release
of energy than simple carbohydrates, and can contribute to good longterm health.

Free sugars
Free sugars are any sugars added to food or drinks, or found naturally in
honey, syrups and unsweetened fruit juices. Most adults and children in the
UK eat too much ‘free sugar’. The Government recommends that free sugars
shouldn’t make up more than 5 per cent of the energy you get from food
and drink each day. That’s a maximum of 30g of added sugar a day for
adults, which is roughly seven sugar cubes.
Think about how you will include energy sources and nutrition in your PEP.
Consider which sports and activities you will be focusing on, what demands
these will make of you, how you will train – and how all of this could link to
your diet. Make a few notes, then bear them in mind as you read on through
this section.

Fats, carbohydrates and physical activity
The fuel sources you need for physical activity depend on the type of activity
you are doing.
•• For short, high-intensity exercise – anaerobic exercise – the energy you
need will come from carbohydrates.
•• For longer exercise (up to two hours) of moderate intensity – a mix of
aerobic and anaerobic exercise – the energy you use will come from equal
amounts of carbohydrate and fat.
•• For exercise of a longer duration and higher intensity – aerobic exercise –
the amount of energy derived from your fat stores will increase.
Training and competing
You should have a light meal, high in carbohydrate, at least two hours before
training or competing. If you have large amounts of food to digest, this will
divert blood away from the muscles you need for performance.
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Key term
Free sugars: extra sugar added
to food and drink.
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1.4 The short- and long-term effects of exercise
Getting started
Think about how exercise changes your body – in the short-term and the
long-term.

•• Why does it take longer to recover from some sports than from others?

Learning objectives

Effects on the heart

•• What sort of exercise makes your muscles ache the most – and when?

By the end of this section you will know about:
•• the short-term effects of physical activity and sport on:

Heart rate

•• the heart

When you exercise, particularly when you do high-intensity exercise, your
heart beats faster. Your heart rate is the number of times your heart beats
per minute. When someone takes your pulse, they are measuring your heart
rate. The pulse is caused by the impact of the blood on the arteries as the
heart contracts.

•• how the respiratory and cardiovascular systems work together so
people can take part in physical activity – and recover from it
•• how to interpret graphs showing heart rate, stroke volume and cardiac
output values at rest and during exercise.

Effects on the muscles
There are a number of different ways in which your muscles can be affected
by physical activity.

Muscle fatigue
When you exercise, your muscles can feel weak, painful and tired. This is
muscle fatigue.

Key terms
Muscle fatigue: when muscles
get tired.
Lactate accumulation: when
lactic acid gathers in the muscles.

Muscle fatigue usually occurs as a result of anaerobic respiration. Your cells
need oxygen to create energy for your muscles. When there is plenty of
oxygen available, they get energy through aerobic respiration. However,
when there is not enough oxygen available, your cells respire anaerobically,
and lactic acid is produced.
When lactic acid gathers – a process called lactate accumulation – this
causes your muscles to feel painful and tired. You’ll notice that muscle
fatigue often comes when you have been doing the sort of exercise that
makes you out of breath – so when you have to respire anaerobically.

Link it up
For more information about lactic acid and anaerobic respiration see
section 1.3 of this topic.
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Apply it
What should you do if you get
cramp? Research ways to help
prevent and stop cramp. Explain
your findings to a partner.

Your heart plays a crucial role in your performance in sport. Exercise has
many effects on it, some of which are easy to spot.

•• the muscles
•• the respiratory system
For more information on the
long-term effects of exercise on
the body, see Topic 3, Section 3.4.

As you saw in Section 1.3, sportspeople may get cramp – for example, when
they have played a long, hard match. A footballer might get cramp in their
calf muscle, or a tennis player may get cramp in their arm.
Cramp is a severe sort of muscle fatigue, which causes the muscle to
contract in a particularly painful way. It usually hits a sportsperson when it is
hot and they are tired, or when they are dehydrated because they have not
taken on enough water. Good fitness levels, a proper warm up and drinking
plenty of water are the obvious ways to avoid it.

•• What things do you notice changing when you sprint?

Link it up

Cramp

Apply it

Key terms

Take your pulse to measure your heart rate before and after a short burst
of exercise.

Heart rate: the number of times
the heart beats per minute.

To take your pulse, look for the spot between the bone and the tendon on the
thumb side of your wrist. You will feel a dip there. Gently place two fingers of
your other hand there and feel for the pulse. Count the beats for 30 seconds,
then double the result to get the number of beats per minute (BPM).

BPM: beats per minute.

•• What is your heart rate before exercising (resting heart rate)?
•• How much does it go up by when you exercise?

How heart rate varies
A trained athlete’s heart rate is likely to be lower than that of someone who
is not as fit, so the heart rate can be used to indicate a person’s fitness level.
For example, someone like Bradley Wiggins could have a resting heart rate
as low as 40 bpm, while an untrained person’s resting heart rate could be
nearer to 90 bpm.
Average heart rate is usually given as 72 bpm. However, heart rate can vary
considerably from person to person and even within the same individual, so
it is difficult to say what is normal. Resting heart rate can also be affected by
factors including age, gender, size and diet.
Heart recovery rate is the time it takes for the heart to return to its resting
heart rate after stopping exercise or physical activity. This is also a good
indicator of fitness. The faster the person’s heart rate returns to their normal
heart rate, the fitter the individual.
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Apply it
What other factors can affect
heart rate? Write down your initial
thoughts then research these
factors and check your answers.
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Maximum heart rate

Cardiac output

Your maximum heart rate (MHR) is the he highest number of beats your
heart makes when you exercise. Sportspeople use MHR to measure their
fitness and to monitor their training programmes.

Cardiac output is the amount of blood pumped by the heart in one minute.

One formula used to calculate what your MHR should be is:
220 minus age = maximum heart rate

Apply it
Work out your maximum heart
rate using these formulae.

This is the same for men and for women. So, for example, someone aged 20
would aim for a maximum heart rate of 200. However, this formula doesn’t
reflect differences in heart rate according to age. According to a study
published in Medicine & Science in Sports & Exercise, a more accurate formula is
206.9 − (0.67 × age) = maximum heart rate

Use of data
Look at the maths formula: 220 – your age = your maximum heart rate.
You obviously know your age, but it can be easy to slip up on the easiest
of sums in an exam situation.
Work out your maximum heart rate now. For example, if you are 16, 220
– your age = 204; if you are 15, 220 – your age = 205. Write your answer
down, and remember it – but always write this simple part of the sum
down in the exam, because you need to show your working.
When it comes to questions about training thresholds later, you
will need to be able to work out 80 per cent and 60 per cent of your
maximum heart rate. Why not do that now, check the answers with a
friend and make a mental note?

Key term
Stroke volume: the amount
of blood pumped by the heart
during each beat.

Stroke volume
Stroke volume is the amount of blood pumped by the heart during each
beat. At rest, stroke volume may be 75 ml per beat, but when exercising it
could go up to 130 ml. How much stroke volume increases depends on the
type of physical activity you are doing and your training level.
When someone trains regularly, their heart becomes more efficient. Their
stroke volume increases – both at rest and when they are exercising – and
their heart rate decreases. Training increases the heart muscle in size,
thickness and strength, the chambers increase in volume and the heart itself
gets bigger – all of which help the person perform better.
People with higher cardiovascular fitness levels have lower resting heart
rates, so the heart has more time to fill with blood. This extra time for filling
means that more blood gets pumped out with each beat – so they have a
higher stroke volume. People with lower cardiovascular fitness levels have
higher resting heart rates, so their heart has less time to fill up with blood,
so their stroke volume is lower.
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The two factors that determine your cardiac output are your heart rate (the
number of times your heart beats each minute) and your stroke volume (the
amount of blood pumped out with each heartbeat). The formula used is:
Cardiac output = stroke volume × heart rate
When you exercise, your cardiac output rises as the intensity of your
activity increases, reflecting your body’s response as it works to meet your
increasing physiological needs. Generally, the higher your cardiac output,
the better your performance can be – and the healthier your heart is.
Your body holds roughly five to six litres of blood in total, and all this blood
can pass through the heart in one minute – even when you are resting.
When you exercise, your blood may go all the way round your circulatory
system several times per minute. Active people can have a cardiac output of
up to 21 litres per minute and elite athletes may even go as high as 35 litres
per minute.

Effects on your breathing
As we you saw in Section 1.2, when you exercise you need to bring in more
oxygen and get rid of more carbon dioxide. As you exercise, the depth and
rate of your breathing increase, so that you can bring in and get rid of more
air with each breath you take.
When you exercise hard, you use up more oxygen than you take in. This
shortfall creates an oxygen debt. When you stop exercising, as you recover
you keep breathing deeply, so that you can ‘repay’ this oxygen debt.
This may mean different things to different sportspeople. For example,
sprinters will pay back their oxygen debt when they have finished their
race. However, marathon runners will not build up such a big oxygen debt
because they are not working at such intensity; they will cope with their
needs by concentrating on breathing out carbon dioxide to make room for
more oxygen in their lungs.
In other sports, participants may be able to take a break: for example, in
tennis when the players sit down and relax for a few minutes between
service games. In football, players may get a break if play stops for a foul,
after a goal has been scored or during half-time.
Most of these activities are aerobic. In an anaerobic activity – the 400
metres, for example – athletes go into oxygen debt and still have a long way
to go. However, they can prepare themselves to be able to cope with this, by
doing specific training. For example, a 400-metre runner may use interval
training, where they have short rests between high-intensity exercises, such
as running fast.
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Link it up
For more information on oxygen
debt see Section 1.2 of this topic.
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160

Link it up
Heart rate (beats per minute)

For information on how the
respiratory and cardiovascular
systems work together to allow
participation in – and recovery
from – physical activity and sport,
see Section 1.2 of this topic.
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Figure 1.18 Heart rate patterns before, during and after exercise for two
different athletes
Different types of training enable sportspeople to cope with their specific sport

•• When they finish doing exercise, the fit person’s heart rate drops faster
than the unfit person’s.

Interpreting graphs

•• As they recover from their exercise, the fit person’s heart gets back to
resting heart rate faster than the unfit person’s does – so their heart
rate recovery time is shorter.

Graphs are important tools in training and sport. They enable you to:
•• look at a particular aspect of what is happening as an athlete exercises
•• be able to make a quick visual comparison, between athletes or
between sports
•• look in more detail at where changes or issues occur, by analysing what is
found on the graph.
You will need to produce graphs for your Personal Exercise Programme, and
will also need to be able to interpret them during the exam.

Heart rate graphs
Earlier in this section, you learned about heart rate – the number of times
your heart beats per minute. You may remember that you can use resting
heart rate (before exercise) and heart rate recovery time (after exercise) as
indicators of someone’s fitness.
Figure 1.18 shows the heart rate patterns for two athletes: one unfit and the
other fit. Have a look and you will see some key differences between
the two.
•• The fit person has a lower resting heart rate to start with than the
unfit person.
•• The fit person’s heart rate rises more slowly than the unfit persons – so
the slope on their line is more gentle when they both start exercising.
•• The fit person has a lower maximum heart rate than the unfit person –
the highest point their line reaches on the graph.
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Stroke volume graphs
Earlier in this section, you learned about stroke volume – the amount of
blood pumped by the heart at each beat.
The graph shown in Figure 1.19 records someone’s stroke volume as they do
some exercise, from a resting start, through the exercise period and while
they recover.
Look at the graph and you will notice that:
•• stroke volume is relatively low when you are at rest, then increases as
you exercise
•• stroke volume rises during exercise but eventually reaches a plateau – a
steady level
•• as you recover from exercise, stroke volume gradually decreases, back to
resting level.
The plateau happens because there is a limit to the amount of blood your
body can pump during physical activity. Once you hit that point, your stroke
volume may stay at the same level until you stop, or may tail off if you
become exhausted and start to exercise more gently.
As you learned earlier in this section, stroke volume varies according to the
type of activity and the person’s level of fitness – and this will be reflected
in the graph.
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A graph will also reflect the level of fitness of the person whose stroke
volume is being measured.
For example, if an average person is doing a gentle activity like jogging,
their stroke volume could increase from about 50 ml at rest to 120 ml at
maximum intensity. However, for a trained Olympic athlete, their heart will
pump more efficiently. This would mean that their stroke volume at rest
would already be higher, and their maximum stroke volume during exercise
would be higher too – so their stroke volume might increase from 80 ml at
rest to 200 ml at maximum intensity.
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Figure 1.19 Stroke volume over time as someone goes from rest to exercise
to recovery

Exam-style question

Exam tip

Look at the graph below, showing the stroke volumes during exercise for
two different athletes. One of the athletes (A) is very fit; the other athlete
(B) does not do much exercise at all.

Make sure you don’t lose easy
marks simply by getting A and B
the wrong way round.

1 Which line belongs to which athlete?

Type of activity
The bar chart below shows the different average stroke volumes for an
athlete running at different speeds: starting, jogging and running.

2 Explain your answer. (4 marks)

140
Stroke volume m/litres per beat

Stroke volume m/litres per beat

140
120
100
80
60
40
20
0

120
100
80
60

Jogging
Exercise intensity

Fit
Unfit

20
0

Starting

Key

40

0

1

2

Running

3

4
5
6
Exercise intensity

7

8

Figure 1.21 Stroke volume graphs for two different athletes

Figure 1.20 Average stroke volume for athlete running at different speeds

Cardiac output graphs

Exam tip

Exam-style question

With graphs, read the information
on the axes carefully, and make
sure you use the right terms and
units in your answer.

Using Figure 1.20 explain why stroke volume varies for the athlete when
they run at different speeds. (3 marks)
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Earlier in this section, you learned about cardiac output – the amount of
blood pumped by the heart at each beat.
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Figure 1.22

Exam tip

Exam-style question

Graphs give you data that you
can keep referring to. Check, then
check again to make sure you
have the right answer!

Using Figure 1.22 explain the changes in cardiac output when running at
different speeds: starting, jogging and running. (3 marks)

Use of data
Knowing how to create a graph will help you to interpret similar graphs
when you come across them.
When you have a few training sessions in front of you, make a point of
checking your heart rate before you start and again at the end. Take
your recovery heart rate at one-minute intervals until your heart rate
gets back to your resting heart rate.
Take this information at the start of your first week of your PEP and
again at the end of each week until the end of your PEP. Evaluate the
graphs at the end of your PEP.

Exam tip

Exam-style question

Remember that heart rate is the
number of times the heart beats
per minute, not just the number
of times the heart beats.

1 Define the term heart rate. (1 mark)

•• Structure
oo heart: atria, ventricles, valves
oo sequence of blood circulation
oo blood vessels: arteries, veins, capillaries
•• Blood
oo red blood cells to carry oxygen
oo white blood cells to fight illness
oo platelets for clotting
•• Respiratory system
oo tidal volume and vital capacity
oo lungs: trachea, bronchi, bronchioles, alveoli

Musculo-skeletal system
•• Function
oo protecting organs
oo muscle attachment
oo joints for movement
oo blood cells and platelets
•• Bone types
oo long (levers)
oo short (weight bearing)
oo flat (protection, muscle attachment)
oo irregular
•• Joints
oo pivot
oo hinge
oo ball and socket
oo condyloid
•• Movement at joints
oo flexion/extension
oo adduction/abduction
oo rotation, circumduction
oo plantar-/dorsi-flexion
•• Muscles
oo voluntary – you can control it
oo involuntary – you can’t control it
oo cardiac muscle – special muscle only in the heart
oo antagonistic pairs work together for movement
oo slow and fast twitch muscle fibres for different
activities

Aerobic and anaerobic exercise
•• Aerobic
oo uses oxygen
oo usual work rate, moderate intensity
oo glucose + oxygen è energy + CO2 + water
•• Anaerobic
oo does not use oxygen
oo high work rate, high intensity
oo glucose è energy + lactic acid
•• Energy sources
oo fat for aerobic activity
oo predominantly carbohydrate for anaerobic activity
•• Short- and long-term effects
oo muscles – fatigue, cramp
oo heart – heart rate, stroke volume, cardiac output
oo breathing – oxygen debt

Cardio-respiratory system
•• Function
oo transports oxygen and carbon dioxide
oo clots blood
oo regulates body temperature

2 What will happen to a person’s heart rate at the start of a training
session? (1 mark)
3 What affect will this have on their cardiac output? (1 mark)
4 Explain why it is important for the heart rate to alter in this way. (2 marks)
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