


Exam Revision Notes 11

Anatomy & physiology

This pattern of cross-banding is repeated along the length of the myofibril, and the
repeated unit is called a sarcomere. Each sarcomere contains two types of protein
filament: thick myosin filaments and thin actin filaments. During contraction, these
slide across one another and connect or make cross-bridges. This overlapping creates
the striped appearance of the sarcomere.

The overlapping is made possible by the design of both the actin and the myosin. The
actin has binding sites and the myosin can attach to these using tiny protein projections
shaped like golf clubs. Each of these projections contains ATPase (the enzyme used to
break down ATP), which provides the energy to bind the myosin cross-bridge onto the
actin filament and to allow muscular contraction to take place.

The actin filament also contains two molecules called troponin and tropomyosin. These
cover the binding sites of the actin and stop the myosin from forming a cross-bridge
with the actin. In order to overcome this, the release of calcium from the sarcoplasmic
reticulum attracts the troponin, which neutralises the tropomyosin. This frees the
binding sites on the actin, allowing cross-bridges to occur.

This sliding filament theory works rather like a ratchet mechanism, where the cross-
bridges attach, detach and then reattach; the net result is shortening of the sarcomere.
When the sarcomere has shortened, the muscle is contracting (Figure 8).

The Z lines move closer together. The I bands, containing only actin, get smaller, as
does the H zone, which contains only myosin filaments. The A band contains both actin
and myosin filaments.

3 The motor unit

In order for muscle to contract, it must be sent an impulse from the cerebrum or spinal
cord via the nerve cells (neurones). This system is known as a motor unit and is
illustrated in Figure 9.
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Neuromuscular structure and controlT O P I C

The dendrites receive impulses from other neurones and pass them on to the cell body,
which in turn sorts out the information and sends an impulse down the nerve along the
axon. These impulses are electrical, similar to currents in a wire. To protect them, an
insulator called myelin sheath, made up of fatty material, surrounds the axon. This
myelin sheath is absent at intervals along the axon, and these breaks are called the nodes
of Ranvier. These allow the impulse to travel quickly, as it jumps from one node of
Ranvier to the next. The thicker the myelin sheath, the faster the impulse is conducted.

As the impulse reaches the end of the axon, it triggers the release of acetycholine at the
neuromuscular junction (where the axon connects with the motor end plate of the muscle).

One motor neurone stimulates between 15 and 2000 fibres within a muscle. Together,
the motor neurone and the fibres it stimulates make up a motor unit. 

� 3.1 The all-or-nothing law
The minimum amount of stimulation required to start a contraction is called the
threshold. If an impulse is equal to or more than the threshold, all the muscle fibres in
a motor unit will contract. However, if the impulse is less than the threshold, no muscle
action will occur. As such, the motor unit exhibits an all-or-nothing response.

� 3.2 Gradation of contraction
The force exerted by a muscle is dependent on three factors:
� Recruitment. The more motor units recruited, the greater the number of muscle

fibres that contract, thus increasing the force that can be produced.
� Frequency. The greater the frequency of stimuli, the greater the tension developed by

the muscle. This is often referred to as wave summation — the repeated activation of
a motor neurone stimulating a given muscle fibre. This means that the muscle becomes
more tense. If the stimuli occur infrequently, the calcium concentration in the sarcomere
returns to resting level before the arrival of the next stimulus. When the stimuli occur
frequently, not all the calcium released in response to the first one is taken back into
the sarcoplasmic reticulum. As a result, summation occurs (see Figure 10).

� Timing. If all the motor units are stimulated at exactly the same time, maximum force
can be applied. This is sometimes referred to as spatial summation or synchronisation.

4 Types of muscle fibre

There are three main types of muscle fibre:
� type I (slow oxidative)
� type IIa (fast oxidative glycolytic)
� type IIb (fast glycolytic)
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Our skeletal muscles contain a mixture of all three types of fibre, but not in equal
proportions. This mix is mainly genetically determined. The fibres are grouped into
motor units, and only one type of fibre can be found in one particular unit.

The relative proportion of each fibre type varies in the same muscles of different people.
For example:
� In an elite endurance athlete, there will be a greater proportion of slow-oxidative

fibres in the leg muscles.
� In the elite sprinter, there will a greater proportion of fast-glycolytic fibres in the

leg muscles.

Postural muscles tend to have a greater proportion of slow-oxidative fibres, as they are
involved in maintaining body position over a long period of time. 

All three fibre types have specific characteristics that allow them to perform their role
successfully. These are summarised in the table below. 

4.1 Effect of training on fibre types
Although fibre types appear to be genetically determined, it is possible to increase the
size of muscle fibres through training. This increase in size (hypertrophy) is caused
by an increase in the number and size of myofibrils per fibre, with a consequent
increase in the amount of protein (myosin). As a result, there will be greater strength
in the muscle.

Characteristic

Contraction speed

Motor neurone size

Force produced

Fatiguability

Mitochondria density

Myoglobin level

Glycogen store

Capillaries

Aerobic capacity

Anaerobic capacity

Elasticity

Type I

Slow

Small

Low

Low (long duration)

High

High

Low

Dense network

High

Low

Low

Type IIa

Fast

Large

High

Medium (lower
duration)

Lower

Lower

Medium

Medium density

Medium

Medium

Medium

Type IIb

Fast

Large

High

High (easily fatigued)

Low

Low

High

Low density

Low

High

High

�

Examiner’s tip
The sliding filament theory is required only for the AQA specification.

Questions on the characteristics of fibre type ask for structural and/or functional
characteristics. Make sure that you can distinguish between these and give examples.
Also ensure you can relate the type of fibre to specific sports performers. 
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The heart
T O P I C

By the end of this topic, you should be able to:
� explain how blood moves around the body
� describe the link between the cardiac cycle and the conduction system of the heart
� define stroke volume, heart rate and cardiac output, and give resting values
� explain the relationship between stroke volume, heart rate and cardiac output and

describe what happens to these during both low- and high-intensity exercise
� explain neural, hormonal and intrinsic control of heart rate
� evaluate the impact of different types of physical activity on the heart and understand

coronary heart disease, heart attack and angina

1 Structure of the heart

The heart comprises the following:
� Aorta — this carries oxygenated blood to the body.
� Blood vessels — several blood vessels are attached to the heart. They bring either

oxygenated or deoxygenated blood to the heart and take it away. 
� Chambers — the heart is divided into two parts by a muscular wall called the septum;

each part contains an atrium and a ventricle. The atria are small and do not require
much force, as they simply push blood into the ventricles. The ventricles have much
thicker muscular walls, as they need to contract with greater force to push blood out
of the heart. The left ventricle is larger than the right, as it pumps blood all round
the body, whereas the right ventricle only pumps deoxygenated blood to the lungs.

� Coronary artery — this supplies the heart with oxygenated blood so that it can work
effectively. 

� Pulmonary artery — this carries deoxygenated blood to the lungs.
� Pulmonary vein — this carries oxygenated blood from the lungs into the left atrium.
� Valves — there are four main valves, which regulate blood flow by ensuring that it

moves in only one direction. They open to allow blood to pass through and then
close to prevent back-flow. The tricuspid valve is located between the right atrium
and right ventricle and the bicuspid valve lies between the left atrium and the left
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ventricle. The semilunar valves can be found between the right and left ventricles
and the pulmonary artery and aorta respectively.

� Vena cava — this carries deoxygenated blood from the body to the right atrium.

2 Transportation of blood around the body

There are two types of circulation:
� pulmonary — deoxygenated blood is carried from the heart to the lungs, and

oxygenated blood is taken back to the heart
� systemic — oxygenated blood is carried to the body from the heart, and deoxy-

genated blood returns from the body to the heart

These are illustrated in Figure 12.
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The heartT O P I C

When the heart beats, the blood needs to flow through it in a controlled manner, in
through the atria and out through the ventricles. Heart muscle is described as being
myogenic, as the beat starts in the heart muscle itself with an electrical signal in the
sinoatrial node (pacemaker). This electrical signal then spreads through the heart in
what is often described as a wave of excitation (similar to a Mexican wave).

From the sinoatrial node, the electrical signal spreads through the walls of the atria,
causing them to contract and forcing blood into the ventricles. The signal then passes
through the atrioventricular (AV) node found in the atrioventricular septum and down
through some specialised fibres that form the bundle of His. This is located in the
septum separating the two ventricles. The bundle of His branches out into two bundle
branches and then into smaller bundles called Purkyne fibres, which spread throughout
the ventricles, causing them to contract.

4 Cardiac cycle

The emptying and filling of the heart (the cardiac cycle) involves a number of stages,
which are summarised in the table below.

5 Cardiac terms

Stroke volume: the amount of blood pumped out by the left ventricle in each
contraction. On average, the resting stroke volume is approximately 70 ml. Stroke
volume can be determined by the following:
� Venous return — this is the volume of blood returning to the heart via the veins. If

venous return increases, stroke volume will increase too (i.e. if more blood enters the
heart, more blood goes out).

T O P I C 44

Stage

Atrial systole

Ventricular
systole

Ventricular
diastole

Action of atria

Walls contract

Walls relax

Walls relax

Result

Blood forced
through the bicuspid
and tricuspid valves
into the ventricles

Blood neither enters
nor leaves the atria

(a) Blood enters atria
but cannot pass into
the ventricles as
tricuspid and bicuspid
valves are closed
(b) Blood enters atria
and passes into
ventricles as the
valves open

Action of
ventricles

Walls relax

Walls contract

Walls relax

Result

Ventricles fill with
blood

(a) No blood leaves,
but the pressure of
blood in the
ventricles increases
(b) Pressure of blood
opens the semilunar
valves and blood is
ejected into the
pulmonary artery
and aorta

(a) Blood neither
enters nor leaves the
ventricles
(b) Blood enters from
atria by passive
ventricular filling 
(not due to atrial
contraction)
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� The elasticity of cardiac fibres — this is concerned with the degree of stretch of
cardiac tissue during the diastole phase of the cardiac cycle. The more the cardiac
fibres can stretch, the greater the force of contraction will be. A greater force of
contraction can increase stroke volume (this is called Starling’s Law).

� The contractility of cardiac tissue (myocardium) — the greater the contractility of
cardiac tissue, the greater the force of contraction. This results in an increase in stroke
volume. It is also highlighted by an increase in the ejection fraction. This refers to the
percentage of blood pumped out by the left ventricle per beat. An average value is
60%, but it can increase by up to 85% following a period of training:

stroke volume
ejection fraction = ______________________

end diastolic volume

Heart rate: the number of times the heart beats per minute. On average, the resting
heart rate is approximately 72 beats per minute.

Cardiac output: the amount of blood pumped out by the left ventricle per minute. It is
equal to stroke volume multiplied by heart rate. 

cardiac output (Q) = stroke volume (SV) × heart rate (HR)

Q = 70 � 72

Q = 5040 ml (5.04 l)

� 5.1 Cardiac output, stroke volume, heart rate and exercise
Regular aerobic training results in hypertrophy of the cardiac muscle, i.e. the heart gets
physically bigger. This has an important effect on stroke volume, heart rate and therefore
cardiac output. A bigger heart enables more blood to be pumped out per beat (i.e. stroke
volume). In more complex language, the end diastolic volume of the ventricle increases. If
the ventricle can contract with more force and thus push out more blood, the heart does
not have to beat as often, so the resting heart rate decreases. This is known as bradycardia.
This increase in stroke volume and decrease in resting heart rate means that cardiac output
at rest remains unchanged. However, this is not the case during exercise: an increase in heart
rate coupled with an increase in stroke volume results in an increase in cardiac output.

The following table shows the differences in cardiac output (to the nearest litre) in a
trained and an untrained individual, both at rest and during exercise. The individual in
this example is aged 18, so the maximum heart rate will be 202 beats per minute.
(Maximum heart rate is calculated as 220 minus your age.)

This increase in cardiac output has huge benefits for the trained person, as more blood,
and therefore more oxygen, can be transported to the working muscles. In addition,
when the body starts to exercise, the distribution of blood flow changes. This means that
a much higher proportion of blood passes to the working muscles, and less passes to
non-essential organs.

SV × HR = Q

Untrained, at rest 70 × 72 = 5 litres

Untrained, during exercise 120 × 202 = 24 litres

Trained, at rest 85 × 60 = 5 litres

Trained, during exercise 170 × 202 = 34 litres
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Stroke volume increases as exercise intensity increases. However, this is only the case
up to 40–60% of maximum effort. Once a performer reaches this point, stroke volume
plateaus (Figure 14). One explanation for this is that the increased heart rate near
maximum effort results in a shorter diastolic phase. The ventricles do not have as much
time to fill up with blood, so cannot pump as much out.

5.2 Control of heart rate
Heart rate is governed by three factors: neural control, hormonal control and
intrinsic control.

5.2a Neural control
Neural control involves the autonomic nervous system. This consists of the sympathetic
system, which stimulates the heart to beat faster, and the parasympathetic system,
which returns the heart to its resting level. These two systems are coordinated by the
cardiac control centre, located in the medulla oblongata of the brain. The cardiac
control centre is stimulated by:
� chemoreceptors (which detect an increase in carbon dioxide)
� baroreceptors (which detect an increase in blood pressure)
� proprioceptors (which detect an increase in muscle movement)

This centre then sends an impulse through either the sympathetic or parasympathetic
systems to the sinoatrial (SA) node of the heart. 

5.2b Hormonal control
Adrenalin and noradrenalin stimulate the SA node (pacemaker) and increase both the
speed and force of muscle contraction.

5.2c Intrinsic control
During exercise, the heart becomes warmer, so heart rate increases. Similarly, a drop in
temperature reduces heart rate. In addition, venous return increases during exercise, which
stretches the cardiac muscle, stimulating the SA node and, in turn, increasing heart rate
and the force of contraction (Starling’s Law). As a result, stroke volume increases.

It used to be thought that while exercising at a steady level, the body reached a steady
state where the heart rate remained the same. However, by monitoring heart rate more
closely, new research has shown that it does not stay the same but instead slowly climbs.
This is known as cardiovascular drift.
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� 5.3 Graphic representation of heart rate
Exam questions often ask for a graphic representation of heart rate. The intensity of the
exercise will determine the type of graph required. Figure 15 shows some examples.

6 Impact of physical activity on the cardiovascular system

Physical activity can help to improve the health of the heart muscle, making it stronger.
In turn, this will enable the heart to pump more blood around the body. There are many
heart diseases that are related to a lack of exercise, which include coronary heart
disease, heart attack and angina.

� 6.1 Coronary heart disease 
Studies often show that regular physical activity and the avoidance of high-fat foods are
the two most successful means of preventing heart disease. Medical experts recommend
that individuals should be physically active for approximately 30 minutes every day.
Moderate aerobic exercise can reduce cholesterol and lipid levels, including low-density
lipoprotein (LDL — ‘bad’ cholesterol). Aerobic exercise can also increase levels of high-
density lipoprotein (HDL — ‘good’ cholesterol), which is associated with a decrease in
coronary heart disease.

Resistance training, for example lifting weights, has also been shown to lower heart rate
and blood pressure after exercise. This will reduce the risk of heart disease.

� 6.2 Heart attack 
Coronary heart disease can lead to a heart attack, when part of the heart muscle dies
because it has been starved of oxygen. Regular aerobic exercise, such as brisk walking,
jogging, swimming and cycling, can help prevent heart attacks.
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The heartT O P I C

� 6.3 Angina
Angina is chest pain or discomfort that occurs when the heart muscle does not receive
enough oxygen because of reduced blood flow. It is usually a symptom of coronary
heart disease. Exercises that train and strengthen the chest muscles will help angina.
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Examiner’s tip
Remember that pulmonary circulation is heart � lungs � heart, and systemic
circulation is heart � body � heart. Questions often relate the conduction system to
the cardiac cycle, so do not just learn them as two separate systems. Always label your
graphs and explain your labels to make sure that what you have drawn is clear to the
examiner. Questions on neural control of the heart are often written in relation to an
increase in carbon dioxide. 
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