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Introduction

This book has been written and designed specifically for the new AQA A-level Physical Education specifications introduced for first teaching in September 2016.

Part 1 of this book covers the content required for AQA AS Physical Education (7581) for first examination in 2017 and year 1 of AQA A-level Physical Education (7582) for first examination in 2018.

Part 2 of this book – covers the additional content required for AQA A-level Physical Education (7582).

To view the full specifications, and examples of assessment material, for AQA AS or AQA A-level Physical Education, please visit AQA’s website: www.aqa.org.uk. The content of this covers the topic options in the new specification. As well as this, we have also provided two teacher planning documents that could be used as schemes of work for both AS/year 12 and year 13, which may help teachers understand how to teach the topics based on Paper 1 and Paper 2 content. This is available at: www.hoddereducation.co.uk/aqaalevelpe

How to use this book

Each chapter has a range of features that have been designed to present the course content in a clear and accessible way, to give you confidence and to support you in your revision and assessment preparation.


Chapter objectives


	●  Each chapter starts with a clear list of what is to be studied.






CHECK YOUR UNDERSTANDING

These questions have been designed specifically to help check that you have understood different topics.




STUDY HINTS

These are suggestions to help clarify what you should aim to learn.




ACTIVITIES

Activities appear throughout the book and have been designed to help you develop your understanding of various topics.




KEY TERMS

Key terms, in bold in the text, are defined.




PRACTICE QUESTIONS

These are questions to help you get used to the type of questions you may encounter in the exam.




SUMMARY


	●  These boxes contain summaries of what you have learned in each section.
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Part 1







Chapter 1.1
The cardiovascular system

During exercise there is an increased demand for oxygen to produce energy for the muscles to contract. The heart, lungs and blood all have to work together to supply the muscles with the oxygen and remove any waste products such as carbon dioxide and lactic acid that have been produced. You need to be able to understand how the cardiovascular (heart and blood) and respiratory (lungs) systems work together and how changes within these systems prior to exercise, during exercise of differing intensities, and during recovery, allow the body to meet the demands of exercise.


Chapter objectives

After reading this chapter you should be able to:


	●  Describe the cardiac conduction system.


	●  Explain the hormonal, neural and chemical regulation of responses during physical activity and sport.


	●  Describe the role of chemoreceptors, baroreceptors and proprioceptors in the regulation of responses during physical activity.


	●  Understand the impact of physical activity and sport on cardiac output, stroke volume and heart rate and explain the relationship between them in trained/untrained individuals and maximal/sub-maximal exercise.


	●  Understand Starling’s law of the heart.


	●  Understand the impact of physical activity and sport on an individual's health.


	●  Identify how physical activity can affect heart disease, high blood pressure, cholesterol levels and strokes.


	●  Explain cardiovascular drift.


	●  Explain blood pressure using the terms systolic and diastolic and identify the relationship that venous return has with blood pressure.


	●  Understand the venous return mechanisms.


	●  Describe the transportation of oxygen and be able to explain the roles of haemoglobin and myoglobin.


	●  Understand the oxyhaemoglobin dissociation curve.


	●  Explain the Bohr shift.


	●  Explain how blood is redistributed during exercise through vasoconstriction and vasodilation.


	●  Explain arterio-venous oxygen difference (A-VO2 diff).






The cardiovascular system

The heart

The cardiovascular system is the body’s transport system. It includes the heart and the blood vessels. During exercise, an efficient cardiovascular system is extremely important as the heart works to pump blood through the various blood vessels to deliver oxygen to the working muscles and gather waste products. It is also responsible for transporting heat (which is a by-product of exercise) to the skin so a performer can cool down. This chapter will give a brief overview of structure and investigate how the cardiovascular system responds to the increased demand placed on it by exercise.

The structure of the heart

Chambers of the heart

The heart is divided into two parts by a muscular wall called the septum and each part contains two chambers – an atrium and a ventricle. The atria are smaller than the ventricles as all they do is push the blood down into the ventricles. This does not require much force so they have thinner muscular walls. The ventricles have much thicker muscular walls as they need to contract with greater force in order to push blood out of the heart. The left side of the heart is larger as it needs to pump blood all around the body, whereas the right side pumps deoxygenated blood to the lungs which are in close proximity to the heart.


STUDY HINT

You need to understand structure to enable you to have knowledge of some basic concepts.



[image: image]
Figure 1 Diagram of the heart


Blood vessels of the heart

Several blood vessels are attached to the heart. The vena cava brings deoxygenated blood back to the right atrium and the pulmonary vein delivers oxygenated blood to the left atrium. The pulmonary artery leaves the right ventricle with deoxygenated blood to go to the lungs and the aorta leaves the left ventricle with oxygenated blood leading to the body.

Valves of the heart

There are four main valves in the heart that regulate blood flow by ensuring 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 between the left atrium and left ventricle. The semi-lunar valves can be found between the right and left ventricles and the pulmonary artery and aorta.


ACTIVITIES

Try to answer the following questions to check that you understand how the heart functions as this will help your understanding for the rest of this chapter.

	1  Name the four chambers of the heart.


	2  Which chambers are larger? Explain why.


	3  Which side of the heart is larger? Explain why.


	4  Name the main blood vessels that enter and leave the heart.


	5  What are the names of the valves in the heart and where are they located?


	6  What is the main function of valves?


	7  Starting at the venae cavae, place the following structures in the correct order that a red blood cell would pass on its journey through the heart.

Aorta

Bicuspid valve

Pulmonary vein

Left ventricle

Right ventricle

Right atrium

Lungs

Left atrium

Pulmonary artery

Tricuspid valve






Cardiac conduction system

The cardiac conduction system is a group of specialised cells located in the wall of the heart which send electrical impulses to the cardiac muscle, causing it to contract. 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 (SAN). This electrical impulse then spreads through the heart in what is often described as a wave of excitation (similar to a Mexican wave).


KEY TERMS

Myogenic: The capacity of the heart to generate its own impulses.

Sinoatrial node (SAN or SA node): A small mass of cardiac muscle found in the wall of the right atrium that generates the heartbeat. It is more commonly called the pacemaker.



From the SAN the electrical impulse spreads through the walls of the atria, causing them to contract and forcing blood into the ventricles. The impulse then passes through the atrioventricular node (AVN) found in the atrioventricular septum. The AVN delays the transmission of the cardiac impulse for approximately 0.1 seconds to enable the atria to fully contract before ventricular systole begins. The electrical impulse then passes down through some specialised fibres which 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 moves into smaller bundles called purkinje fibres which spread throughout the ventricles causing them to contract.


KEY TERMS

Atrioventricular node (AVN or AV node): This node relays the impulse between the upper and lower sections of the heart.

Systole: When the heart contracts.

Bundle of His: A collection of heart muscle cells that transmit electrical impulses from the AVN via the bundle branches to the ventricles.

Purkinje fibres: Muscle fibres that conduct impulses in the walls of the ventricles.



[image: image]
Figure 2 The cardiac conduction system



ACTIVITY

Rearrange these words so they show the correct order that the impulse travels in:

AVN

bundle branches

purkinje fibres

SAN

ventricular systole

bundle of His

atrial systole



Memory tools

Remember the following mnemonic, S A A B P V: Sally always aims balls past Vicky, to summarise the conduction system as five main points:


	●  SAN


	●  Atrial systole


	●  AVN


	●  Bundle of His


	●  Purkinje fibres


	●  Ventricular systole




Or create your own!

Factors affecting the change in rate of the conduction system

The conduction system ensures that heart rate increases during exercise to allow the working muscles to receive more oxygen. As discussed earlier, the heart generates its own impulses from the SAN but the rate at which these cardiac impulses are fired can be controlled by three main mechanisms:

Neural control mechanism 

This involves the sympathetic nervous system which stimulates the heart to beat faster, and the parasympathetic system which returns the heart to its resting level.


KEY TERMS

Sympathetic system: A part of the autonomic nervous system that speeds up heart rate.

Parasympathetic system: A part of the autonomic nervous system that decreases heart rate.



The nervous system is made up of two parts: the central nervous system (CNS), which consists of the brain and the spinal cord, and the peripheral nervous system, which consists of nerve cells that transmit information to and from the CNS.

These two systems are co-ordinated by the cardiac control centre located in the medulla oblongata of the brain. Sympathetic nervous impulses are sent to the SAN and there is a decrease in parasympathetic nerve impulses so that heart rate increases. The cardiac control centre is stimulated by chemoreceptors, baroreceptors and proprioceptors


KEY TERM

Medulla oblongata: The most important part of the brain as it regulates processes that keep us alive such as breathing and heart rate.



Chemoreceptors

These are found in the carotid arteries and the aortic arch and they sense chemical changes. During exercise, chemoreceptors detect an increase in carbon dioxide. The role of blood carbon dioxide is important in controlling heart rate. An increased concentration of carbon dioxide in the blood will have the effect of stimulating the sympathetic nervous system, which means the heart will beat faster.


KEY TERM

Chemoreceptors: Tiny structures in the carotid arteries and aortic arch that detect changes in blood acidity caused by an increase or decrease in the concentration of carbon dioxide.



Baroreceptors

Baroreceptors contain nerve endings that respond to the stretching of the arterial wall caused by changes in blood pressure. Baroreceptors establish a set point for blood pressure. An increase above or decrease below this set point results in the baroreceptors sending signals to the medulla in the brain. An increase in arterial pressure causes an increase in the stretch of the baroreceptor sensors and results in a decrease in heart rate. Conversely, a decrease in arterial pressure causes a decrease in the stretch of the baroreceptors and results in an increase in heart rate. At the start of exercise the baroreceptor set point increases, which is important as the body does not want heart rate to slow down as this would negatively affect performance, as less oxygen would be delivered to the working muscles.


KEY TERM

Baroreceptors: Special sensors in tissues in the aortic arch, carotid sinus, heart and pulmonary vessels that respond to changes in blood pressure to either increase or decrease heart rate.




STUDY HINT

Make sure you know what the receptors detect; for example, chemoreceptors detect an increase in carbon dioxide. Don’t just say chemical changes!



Proprioceptors 

Proprioceptors are sensory nerve endings located in muscles, tendons and joints that provide information about movement and body position. At the start of exercise, they detect an increase in muscle movement. These receptors then send an impulse to the medulla, which then sends an impulse through the sympathetic nervous system to the SAN to increase heart rate. When the parasympathetic system stimulates the SAN, heart rate decreases.


KEY TERM

Proprioceptors: Sensory nerve endings in the muscles, tendons and joints that detect changes in muscle movement.



Memory tools

Chemoreceptors → increase in CO2 → increase in heart rate

Baroreceptors → increase in blood pressure → decrease in heart rate

Proprioceptors → increase in muscle movement → increase in heart rate

Hormonal control mechanism

Hormones can also have an effect on heart rate. The release of adrenaline during exercise is known as hormonal control. Adrenaline is a stress hormone that is released by the sympathetic nerves and cardiac nerve during exercise. It stimulates the SAN (pacemaker) which results in an increase in both the speed and force of contraction, thereby increasing cardiac output. This results in more blood being pumped to the working muscles so they can receive more oxygen for the energy they need.


KEY TERM

Adrenaline: A stress hormone that is released by the sympathetic nerves and cardiac nerve during exercise which causes an increase in heart rate.



CHECK YOUR UNDERSTANDING

As an individual runs on a treadmill, his or her chemoreceptors will detect an increase in carbon dioxide levels and blood acidity. Name the other receptors, explain what they detect and describe the effect this has on heart rate.



The impact of physical activity on stroke volume, heart rate and cardiac output

During exercise, the need to transport more oxygen to the working muscles means the heart has to work harder. This means that more blood is pumped around the body and faster. Measurements such as stroke volume, heart rate and cardiac output all have to change as a result.


KEY TERM

Stroke volume: The volume of blood pumped out by the heart ventricles in each contraction.



Stroke volume

This is the volume of blood pumped out by the heart ventricles in each contraction. On average, the resting stroke volume is approximately 70ml.

Stroke volume depends upon the following:


	●  Venous return: this is the volume of blood returning to the heart via the veins. If venous return increases, then stroke volume will also increase. (If more blood enters the heart, then more blood goes out!)


	●  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 the ejection fraction. This is called Starling’s Law.





KEY TERMS

Diastole phase: When the heart relaxes to fill with blood.

Ejection fraction: The percentage of blood pumped out by the left ventricle per beat.



Memory tools

Starling’s Law

Increased venous return → Greater diastolic filling of the heart → Cardiac muscle stretched → More force of contraction → Increased ejection fraction

[image: image]
Figure 3 The ejection fraction



	●  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 per cent, but it can increase by up to 85 per cent following a period of training.




Heart rate

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

Cardiac output

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


KEY TERM

Cardiac output: The volume of blood pumped out by the heart ventricles per minute.



Cardiac output (Q) = Stroke volume (SV) × Heart rate (HR)

Q = 70 ml (see page 5) × 72

Q = 5040 ml (5.04 litres)

It can be seen from this calculation that if heart rate or stroke volume increase, then cardiac output will also increase.

Heart rate range in response to exercise

Heart rate increases with exercise but how much it increases is dependent on the intensity of the exercise. Heart rate will increase in direct proportion to exercise intensity – the higher the intensity, the higher the heart rate. Heart rate does eventually reach a maximum. Maximum heart rate can be calculated by subtracting your age from 220. An 18 year old will have a maximum heart rate of 202 beats per minute.

220 – 18 = 202

A trained performer has a greater heart rate range because their resting heart rate is lower and their maximum heart rate increases. Think of Sir Bradley Wiggins, who had a resting heart rate of 35 bpm at the peak of his cycling career, and Sir Mo Farah, who had a resting heart rate of 33 bpm at the height of his running success. These two performers will also have a higher maximum heart rate. Compare this to a 40-year-old untrained individual whose resting heart rate is 72 and their maximum heart rate is simply linked to their age, so it is 180. Their heart rate range is much lower!

The graphs opposite illustrate what happens to heart rate during maximal exercise such as sprinting and sub-maximal exercise such as jogging.

[image: image]
Figure 4 Heart rate responses to high intensity and submaximal exercise



ACTIVITY

Now sketch a graph to show heart rate during a game of football.



Regular aerobic training will result in more cardiac muscle. When the cardiac muscle becomes bigger and stronger, this is known as cardiac hypertrophy. This will have an important effect on stroke volume, heart rate and therefore cardiac output. A bigger, stronger heart will enable 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 resting heart rate will decrease. This is known as bradycardia and when this occurs, oxygen delivery to the muscles improves as there is less oxygen needed for contractions of the heart.


KEY TERMS

Cardiac hypertrophy: The thickening of the muscular wall of the heart so it becomes bigger and stronger; also can mean a larger ventricular cavity.

Bradycardia: A decrease in resting heart rate to below 60 beats per minute.



Cardiac output in response to exercise

During exercise there is a large increase in cardiac output due to an increase in heart rate and an increase in stroke volume. Cardiac output will increase as the intensity of exercise increases until maximum intensity is reached and then it plateaus (evens out) (see Figure 5).

Table 1 shows the differences in cardiac output in a trained and an untrained individual, both at rest and during exercise. The individuals in this example are aged 18 so their maximum heart rate will be 202 beats per minute.

Table 1 Cardiac output in a trained and untrained individual, both at rest and during exercise








	
	
Stroke volume × Heart rate = Cardiac output

SV × HR = Q





	
During exercise:

Untrained person


	
120ml × 202 = 24.24 litres





	
During exercise: Trained person


	
170ml × 202 = 34.34 litres





	
At rest: Untrained person


	
70ml × 72 = 5.04 litres





	
At rest: Trained person


	
84ml × 60 = 5.04 litres
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Figure 5 Graph to show cardiac output response to exercise




Memory tools

Maximum heart rate is calculated as 220 minus your age.


ACTIVITY

Look at Table 1 and comment on the difference between cardiac output at rest and during exercise for both the trained and untrained performer.



At rest, cardiac output for both the trained and untrained performer stays the same. It is maximum cardiac output that changes. During exercise, the increase in maximum cardiac output will have huge benefits for the trained performer as they will be able to transport more blood to the working muscles and therefore more oxygen. 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 organs such as the intestine where it is less in demand. The amount of blood passing to the kidneys and brain remains unaltered.


[image: image]
Figure 6 Graph to show stroke volume response to exercise




Stroke volume in response to exercise

Stroke volume increases as exercise intensity increases. However, this is only the case up to 40–60 per cent of maximum effort. Once a performer reaches this point, stroke volume plateaus. One explanation for this is that the increased heart rate near maximum effort results in a shorter diastolic phase. Quite simply, the ventricles do not have as much time to fill up with blood, so they cannot pump as much out!

The impact of physical activity and sport on the health of the individual

Heart disease

Heart disease is more commonly referred to as coronary heart disease or CHD and is the leading cause of deaths both in the UK and around the world. Coronary heart disease occurs when your coronary arteries, which supply the heart muscle with oxygenated blood, become blocked or start to narrow by a gradual build-up of fatty deposits. This process is called atherosclerosis and the fatty deposits are called atheroma. High blood pressure, high levels of cholesterol, lack of exercise and smoking can all cause atherosclerosis.


KEY TERMS

Atherosclerosis occurs when arteries harden and narrow as they become clogged up by fatty deposits.

Atheroma: A fatty deposit found in the inner lining of an artery.



CHECK YOUR UNDERSTANDING

	1  Define the terms cardiac output and stroke volume and explain the relationship between them.


	2  What are the effects of a period of training on resting stroke volume and cardiac output?






As the coronary arteries become narrow they are unable to deliver enough oxygen to the heart and pain and discomfort occurs. This pain and discomfort is called angina. If a piece of fatty deposit (atheroma) breaks off in the coronary artery it can cause a blood clot which results in a blockage forming. This can cut off the supply of oxygenated blood to the heart muscle resulting in a heart attack.


KEY TERM

Angina: Chest pain that occurs when the blood supply through the coronary arteries to the muscles of the heart is restricted.



As the heart is a muscle, exercise helps it to stay in shape! Regular exercise keeps the heart healthy and more efficient. It can pump more blood around the body as exercise makes the heart bigger and stronger resulting in an increase in stroke volume. In addition, regular exercise can also maintain the flexibility of blood vessels, ensuring good blood flow, normal blood pressure and low cholesterol levels. The American Heart Association recommends at least 150 minutes per week of moderate exercise, like brisk walking.

High blood pressure

Blood pressure is mentioned in more detail later in this chapter. It is the force exerted by the blood against the blood vessel wall. This pressure comes from the heart as it pumps the blood around the body. High blood pressure puts extra strain on the arteries and heart and if left untreated increases the risk of heart attack, heart failure, kidney disease, stroke or dementia. Regular aerobic exercise can reduce blood pressure. It lowers both systolic and diastolic pressure by up to 5-10 mmHg which reduces the risk of a heart attack by up to 20 per cent.

Cholesterol levels

Cholesterol is discussed in more detail in Chapter 4.1. There are two types of cholesterol:


	●  LDL (low density lipoproteins) that transport cholesterol in the blood to the tissues and are classed as ‘bad’ cholesterol since they are linked to an increased risk of heart disease


	●  HDL (high density lipoproteins) that transport excess cholesterol in the blood back to the liver where it is broken down. These are classed as ‘good’ cholesterol since they lower the risk of developing heart disease.




Regular physical activity lowers bad LDL cholesterol levels. At the same time it significantly increases good HDL cholesterol levels.

Stroke

The brain needs a constant supply of oxygenated blood and nutrients to maintain its function. The energy to work all the time is provided by oxygen delivered to the brain in the blood. A stroke occurs when the blood supply to part of the brain is cut off causing damage to brain cells so they start to die. This can lead to brain injury, disability and sometimes death. There are two main types of stroke:


	●  Ischaemic strokes are the most common form and occur when a blood clot stops the blood supply.


	●  Haemorrhagic strokes occur when a weakened blood vessel supplying the brain bursts.





KEY TERMS

Stroke: A stroke occurs when the blood supply to the brain is cut off.

Disability: Physical, sensory or mental impairment which adversely affects performance.



Research has shown that regular exercise can help to lower your blood pressure and help you maintain a healthy weight, which can reduce your risk of stroke by 27 per cent.

What is cardiovascular drift? 

What should happen during steady state is that heart rate remains the same. However, new research has shown that if you monitor heart rate more closely, it does not remain the same but, instead, slowly climbs. This is cardiovascular drift (as seen in Figure 7). In more detail, cardiovascular drift is characterised by a progressive decrease in stroke volume and arterial blood pressure, together with a progressive rise in heart rate. It occurs during prolonged exercise (after 10 minutes) in a warm environment, despite the intensity of the exercise remaining the same. Suggestions as to why this occurs are that when we sweat, a portion of this lost fluid volume comes from the plasma volume. This decrease in plasma volume will reduce venous return and stroke volume (remember Starling’s Law). Heart rate again increases to compensate and maintain a higher cardiac output in an attempt to create more energy to cool the body down. To minimise this cardiovascular drift, it is important to maintain high fluid consumption before and during exercise.


KEY TERM

Steady state: Where the athlete is able to meet the oxygen demand with the oxygen supply.



[image: image]
Figure 7 Graph to show cardiovascular drift


Memory tools

Cardiovascular drift occurs after a period of exercise → heart rate increases → stroke volume decreases → because fluid lost as sweat → resulting in a reduced plasma volume → reduced venous return → cardiac output also increases due to more energy needed to cool body/sweat.

The vascular system

The vascular system is made up of blood vessels that carry blood through the body. These blood vessels deliver oxygen and nutrients to the body tissues and take away waste products such as carbon dioxide. Together with the heart and lungs, the blood vessels ensure that muscles have an adequate supply of oxygen during exercise in order to cope with the increased demand for energy.

There are two types of circulation:

	1  Pulmonary – deoxygenated blood from the heart to the lungs and oxygenated blood back to the heart.


	2  Systemic – oxygenated blood to the body from the heart and then the return of deoxygenated blood from the body to the heart.





STUDY HINT

You need to understand the structure of the vascular system to be able to apply your knowledge to the rest of this chapter.



Review of the vascular system

Blood vessels

The vascular system consists of five different blood vessels that carry the blood from the heart, distribute it round the body and then return it to the heart.

Heart → Arteries → Arterioles → Capillaries → Venules → Veins → Heart

Each blood vessel is slightly different in structure. Veins have thinner muscle/elastic tissue layers. Blood is at low pressure and they have valves and a wider lumen, whereas arteries have the highest pressure (and consequently have more of an elastic outer layer to cope with these fluctuations in pressure), a smaller lumen and a smooth inner layer. Capillaries are only wide enough to allow one red blood cell to pass through at a given time. This slows down blood flow and allows the exchange of nutrients with the tissues to take place by diffusion. They are also one cell thick resulting in a short diffusion pathway.


ACTIVITY

Knowing the structure of the blood vessels will help in your understanding of this topic. Identify the characteristics of each blood vessel and explain the reason for these specific characteristics.



Blood pressure

Exercise has different effects on blood pressure – an increase in systolic pressure due to increased force of contraction/stroke volume, but decreased diastolic pressure due to vasodilation. Different types of exercise and different levels of intensity may have different effects on blood pressure. During exercise, it is important to increase blood flow through the circulatory system so the muscles receive the oxygen they require. An increase in blood pressure can achieve this.

Blood pressure is the force exerted by the blood against the blood vessel wall and is often referred to as:

blood flow × resistance


KEY TERM

Blood pressure: The force exerted by the blood against the blood vessel wall.



When the heart contracts, it forces blood out under high pressure. This is the called the systolic pressure or pressure of contraction. The lower pressure as the ventricles relax is called the diastolic pressure.


KEY TERMS

Systolic pressure: The pressure in the arteries when the ventricles are contracting.

Diastolic pressure: The pressure in the arteries when the ventricles are relaxing.



Blood pressure is measured at the brachial artery in the upper arm. A typical reading at rest is:

[image: image]

Blood pressure is different in the various blood vessels and is largely dependent on the distance of the blood vessel from the heart. The low pressure of blood in the veins means that mechanisms are needed to pump the blood back to the heart.


ACTIVITY

Copy and complete Table 2, then, using Figure 8, identify the pressure of blood in each of the blood vessels.

Table 2










	
BLOOD PRESSURE





	
Artery


	
Arteriole


	
Capillary


	
Vein





	 
	 
	 
	 








ACTIVITY

Look at the graph and give three key points about blood pressure.

[image: image]
Figure 8 




Venous return

Venous return (or VR) is the return of blood to the right side of the heart via the vena cava. Up to 70 per cent of the total volume of blood is contained in the veins at rest. This means that a large amount of blood can be returned to the heart when needed. During exercise, the amount of blood returning to the heart (venous return) increases. This means that if more blood is being pumped back to the heart, then more blood has to be pumped out, so stroke volume will increase – this is Starling’s Law.


KEY TERM

Venous return: The return of blood to the right side of the heart via the vena cava.



Venous return mechanisms

However, the pressure of the blood in the large veins is very low and this makes it difficult to return blood to the heart. In addition, the large lumen of the vein offers little resistance to blood flow. This means that active mechanisms are needed to help venous return.

[image: image]
Figure 9 The skeletal muscle pump


	1  The skeletal muscle pump (as shown in Figure 9) – when muscles contract and relax they change shape. This change in shape means that the muscles press on the nearby veins and cause a pumping effect and squeeze the blood towards the heart.


	2  The respiratory pump – when muscles contract and relax during breathing in and breathing out, pressure changes occur in the thoracic (chest) and abdominal (stomach) cavities. These changes in pressure compress the nearby veins and assist blood return to the heart.


	3  Pocket valves – it is important that blood in the veins only flows in one direction. The presence of valves ensures that this happens. This is because once the blood has passed through the valves, they close to prevent the blood flowing back.




CHECK YOUR UNDERSTANDING

Describe the mechanisms that are used to return blood to the heart.



Other factors that aid venous return are:


	●  A very thin layer of smooth muscle in the walls of the veins. This helps squeeze blood back towards the heart.


	●  Gravity helps the blood return to the heart from the upper body.


	●  The suction pump action of the heart.





STUDY HINT

Questions on venous return mechanisms will usually want a description of valves, the skeletal muscle pump and the respiratory pump.



It is important to maintain venous return during exercise to ensure the skeletal muscles are receiving enough oxygen to meet the demands of the activity. At rest, valves and the smooth muscle found in veins are sufficient enough to maintain venous return. However, this is not the case during exercise. The demand for oxygen is greater and the heart is beating faster, so the vascular system has to help out too. Now the skeletal muscle pump and the respiratory pump are needed to ensure venous return is maintained. During exercise, this is possible because our skeletal muscles are constantly contracting and our breathing is elevated. Immediately after exercise, we still need to maintain these mechanisms. Performing an active cool-down will keep the skeletal muscle pump and respiratory pump working, therefore preventing blood pooling (blood collecting in the veins).

The impact of blood pressure on venous return

Blood pressure has already been discussed earlier in this chapter. Remember, systolic pressure is the pressure in the blood vessels when the ventricles are contracting and diastolic pressure is the pressure in the blood vessels when the ventricles are relaxing. When systolic blood pressure increases, there is also an increase in venous return, and when systolic pressure decreases, there is a decrease in venous return.

The impact of a pressure gradient between the right atrium and the vena cava on venous return

As we have already mentioned, venous return (VR) is the flow of blood back to the heart in the veins, and under normal circumstances venous return is the same as stroke volume (i.e. what goes in comes out). Remember Starling’s Law; if venous return increases, the heart contracts with more force, which will increase the ejection fraction and therefore the stroke volume. Venous return is determined by a pressure gradient. The pressure gradient is the mean systemic pressure minus the right atrial pressure, and resistance is the total peripheral vascular resistance.

[image: image]

An increase in venous pressure (PV) or a decrease in right atrial pressure (PRA), or a decrease in venous resistance (RV), leads to an increase in venous return, whereas increasing right atrial pressure decreases venous return.

The blood pressure in both the right atrium (PRA) and the peripheral veins (PV) is normally very low, so that the pressure gradient driving venous return from the peripheral veins to the heart is also relatively low.  Because of this, just small changes of blood pressure in either the right atrium or the peripheral veins can cause a large change in the pressure gradient, and therefore can significantly affect the return of blood to the right atrium. For example, during inspiration, the small changes in blood pressure between the atria and the abdominal cavity causes a large increase in the pressure gradient driving venous return from the peripheral circulation to the right atrium.


STUDY HINT

Increasing right atrial pressure decreases venous return; decreasing right atrial pressure increases venous return.



The transportation of oxygen

Oxygen plays a major role in energy production and a reduction in the amount of oxygen in the body will have a detrimental impact on performance. During exercise, when oxygen diffuses into the capillaries supplying the skeletal muscles, 3 per cent dissolves into plasma and 97 per cent combines with haemoglobin to form oxyhaemoglobin. When fully saturated, haemoglobin will carry four oxygen molecules. This occurs when the partial pressure of oxygen in the blood is high; for example in the alveolar capillaries of the lungs.


KEY TERMS

Plasma: The fluid part of blood (mainly water) that surrounds blood cells and transports them.

Haemoglobin: An iron-containing pigment found in red blood cells, which combines with oxygen to form oxyhaemoglobin.



At the tissues, oxygen is released from oxyhaemoglobin due to the lower pressure of oxygen that exists there. The release of oxygen from oxyhaemoglobin to the tissues is referred to as oxyhaemoglobin dissociation. In the muscle, oxygen is stored by myoglobin. This has a higher affinity for oxygen and will store the oxygen for the mitochondria until it is used by the muscles. The mitochondria are the centres in the muscle where aerobic respiration takes place.


KEY TERMS

Myoglobin: Often called ‘muscle haemoglobin’. It is an iron-containing muscle pigment in slow-twitch muscle fibres which has a higher affinity for oxygen than haemoglobin. It stores the oxygen in the muscle fibres which can be used quickly when exercise begins.

Mitochondria: Often referred to as the ‘powerhouse’ of the cell as respiration and energy production occur there.



The oxyhaemoglobin dissociation curve

The oxyhaemoglobin dissociation curve helps us to understand how haemoglobin in our blood transports and releases oxygen. The curve represents the relationship between oxygen and haemoglobin, as shown in Figure 10.

[image: image]
Figure 10 The oxyhaemoglobin dissociation curve


Think about a bucket. In the lungs, haemoglobin is saturated with oxygen so the bucket will be virtually full but at the tissues where haemoglobin releases some oxygen the bucket becomes partially empty.

From this curve, you can see that in the lungs there is almost full saturation (concentration) of haemoglobin but at the tissues the partial pressure of oxygen is lower. Haemoglobin gives up 23 per cent of its oxygen to the muscles and is therefore no longer fully saturated. This is fine at rest when the demand for oxygen by the muscles is not high, but during exercise this needs to increase and occur faster, so a bigger percentage of oxygen is released from the haemoglobin.

[image: image]
Figure 11 The effect of changing acidity on the oxyhaemoglobin dissociation curve.


During exercise, this S-shaped curve shifts to the right because when muscles require more oxygen, the dissociation of oxygen from haemoglobin in the blood capillaries to the muscle tissue occurs more readily. This shift to the right is known as the Bohr shift. In the tissues there is a low partial pressure of oxygen and high partial pressure of carbon dioxide, so haemoglobin unloads at this point. This means that even more oxygen is available to the tissues.


KEY TERM

Bohr shift: When an increase in blood carbon dioxide and a decrease in pH results in a reduction of the affinity of haemoglobin for oxygen.



CHECK YOUR UNDERSTANDING

During a 400-metre hurdle race, the oxyhaemoglobin curve shifts to the right. Explain the causes of this change to the curve and the effect that this change has on oxygen delivery to the muscles.



Three factors are responsible for this increase in the dissociation of oxygen from haemoglobin which results in more oxygen being available for use by the working muscles:


	●  Increase in blood temperature – when blood and muscle temperature increases during exercise, oxygen will dissociate from haemoglobin more readily.


	●  Partial pressure of carbon dioxide increases – as the level of blood carbon dioxide rises during exercise, oxygen will dissociate faster from haemoglobin.


	●  pH – more carbon dioxide will lower the pH in the blood. A drop in blood pH will cause oxygen to dissociate from haemoglobin more quickly (Bohr shift).





KEY TERM

pH: A measure of acidity. The range goes from 1 to 14 and anything less than 7 indicates acidity.



Redistribution of blood

The distribution of blood flow is different at rest compared to during exercise. During exercise, the skeletal muscles require more oxygen so more blood needs to be redirected to them in order to meet this increase in oxygen demand. The redirecting of blood flow to the areas where it is most needed is known as shunting or the vascular shunt mechanism. This redistribution of blood can be seen in Figure 12.


KEY TERM

Vascular shunt mechanism: The redistribution of cardiac output.



[image: image]
Figure 12 The vascular shunt



ACTIVITY

Look at Figure 12 and give reasons for the percentage change in cardiac output during exercise.



This redirection of blood flow to the working muscles means that sports performers should ensure they do not eat less than an hour before competition. A full gut would result in more blood being directed to the stomach instead of the working muscles and this would have a detrimental effect on performance, as less oxygen is being made available. Blood flow to the brain must remain constant to ensure brain function is maintained as the brain needs oxygen for energy. In addition, more blood needs to go to the heart because the heart muscle needs oxygen for energy to beat faster and more blood goes to the skin because energy is needed to cool the body down.

The control of blood flow 

Both blood pressure and blood flow are controlled by the vasomotor centre, located in the medulla oblongata of the brain. During exercise, chemical changes, such as increases in carbon dioxide and lactic acid, are detected by chemoreceptors. (Remember we discussed the role of chemoreceptors on the heart.) These receptors will stimulate the vasomotor centre which will redistribute blood flow through vasodilation and vasoconstriction. Vasodilation is when the blood vessel widens to increase blood flow into the capillaries and vasoconstriction is when the blood vessel narrows to decrease blood flow. During exercise, more oxygen is needed at the working muscles so vasodilation will occur in the arterioles supplying these muscles, increasing blood flow and bringing in the much-needed oxygen, whereas vasoconstriction will occur in the arterioles supplying non-essential organs such as the intestines and liver.


KEY TERMS

Vasodilation: The widening of the blood vessels to increase the flow of blood into the capillaries.

Vasoconstriction: The narrowing of the blood vessels to reduce blood flow into the capillaries.




STUDY HINT

During exercise the muscles require more oxygen so we have to direct more blood to them.



Redirection of blood flow also occurs through stimulation of the sympathetic nerves located in the walls of the blood vessel. When sympathetic stimulation increases, vasoconstriction occurs and blood flow reduces so it can be redistributed to other parts of the body such as the muscles during exercise. When stimulation by the sympathetic nerves decreases, vasodilation occurs and increases blood flow to that body part. (See Chapter 1.3 for an explanation of the sympathetic nervous system.)

Pre-capillary sphincters also aid blood redistribution. These are tiny rings of muscle located at the opening of capillaries. When they contract, blood flow is restricted through the capillary and when they relax, blood flow is increased. During exercise, the capillary networks supplying skeletal muscle will have relaxed pre-capillary sphincters to increase blood flow and therefore saturate the tissues with oxygen.

Redistribution of blood is important to:


	●  Increase the supply of oxygen to the working muscles.


	●  Remove waste products from the muscles, such as carbon dioxide and lactic acid.


	●  Ensure more blood goes to the skin during exercise to regulate body temperature and get rid of heat through radiation, evaporation and sweating.


	●  Direct more blood to the heart as it is a muscle and requires extra oxygen during exercise.




Memory tools


	●  More blood goes to the heart because the heart muscle needs oxygen to beat faster.


	●  More blood goes to the muscles as they need more oxygen for energy.


	●  More blood goes to the skin because energy is needed to cool the body down.


	●  Blood flow to the brain remains constant as it needs oxygen for energy to maintain function.





ACTIVITY

Copy out Table 3 and construct sentences to connect the key words in the spaces below.

Table 3











	
1


	
brain


	
blood flow





	 



	
2


	
eat


	
competition


	
gut





	 



	
3


	
vasomotor centre


	
chemoreceptors


	
medulla oblongata





	 



	
4


	
vasoconstriction


	
vasodilation


	
arterioles


	
blood flow





	 







Arterio-venous difference (A-VO2 diff) 

This is the difference between the oxygen content of the arterial blood arriving at the muscles and the venous blood leaving the muscles. At rest, the arterio-venous difference is low as not much oxygen is required by the muscles. But during exercise, much more oxygen is needed from the blood for the muscles so the arterio-venous difference is high. This increase will affect gaseous exchange at the alveoli so more oxygen is taken in and more carbon dioxide is removed. Training also increases the arterio-venous difference as trained performers can extract a greater amount of oxygen from the blood.


KEY TERM

Arterio-venous difference: The difference between the oxygen content of the arterial blood arriving at the muscles and the venous blood leaving the muscles.



CHECK YOUR UNDERSTANDING

During a game of football, a player’s arterio-venous oxygen difference (A-VO2 diff) will increase. What is the significance of this increase in A-VO2 diff to the player?




SUMMARY

You need to remember the order in which the electrical impulses travel through the cardiac conduction system. The sympathetic system speeds up heart rate and the parasympathetic slows it down. Heart rate is controlled by the brain, which receives information from chemoreceptors, baroreceptors and proprioceptors. Hormonal control involves adrenaline, which causes an increase in heart rate. You need to be able to define stroke volume, cardiac output and heart rate and give the effects of exercise on these. Make sure you can define Starling’s Law and cardiovascular drift.

Blood pressure is the force exerted by the blood against the blood vessel wall and it increases during exercise – make sure you know why. Learn the venous return mechanisms. Haemoglobin transports oxygen in the blood. In the muscle, oxygen is stored by myoglobin. This has a higher affinity for oxygen and will store the oxygen for the mitochondria until it is used by the muscles. The Bohr shift is when an increase in blood carbon dioxide and a decrease in blood pH results in a reduction of the affinity of haemoglobin for oxygen. Redirecting blood flow to the areas where it is most needed is known as shunting or the vascular shunt mechanism and is achieved through vasodilation. Vasoconstriction is the narrowing of the blood vessels to reduce blood flow into the capillaries. Arterio-venous difference is the difference between the oxygen content of the arterial blood arriving at the muscles and the venous blood leaving the muscles.

Regular physical activity has a positive effect on heart disease. It can lower blood pressure and bad LDL cholesterol levels and reduce the risk of a stroke.




PRACTICE QUESTIONS


		1  Why does blood flow to the brain remain the same at rest and during exercise?


	(2 marks)


		2  Why should an athlete not eat at least one hour before competition?


	(3 marks)


		3  How is oxygen transported in the blood?


	(2 marks)


		4  Evaluate the importance of blood redistribution for a netball player.


	(8 marks)


		5  During exercise, heart rate will increase to meet the extra oxygen demand required by the muscles. Explain how the increasing level of carbon dioxide in the blood raises heart rate.


	(3 marks)


		6  Just before the start of an 800 m race, the athlete will experience a change in heart rate. What change occurs in the athlete’s heart rate and why does this happen?


	(2 marks)


		7  Explain what is meant by the term ‘cardiovascular drift’.


	(2 marks)


		8  Gymnastic performance will demand an increase in blood supply to the active muscles. The table below shows how various measurements concerned with the heart vary during rest and activity. Using the information in Table 4, calculate the cardiac output at rest.


	(2 marks)




Table 4 Difference in heart rate, stroke volume and systolic blood pressure at rest and during exercise









	
Measurement


	
At rest


	
During activity





	
Heart rate (bpm)


	
  70


	
150





	
Stroke volume (mls)


	
  70


	
  90





	
Systolic pressure (mm Hg)


	
115


	
140








		9  What do you understand by the term ‘Starling’s law’ of the heart’?


	(2 marks)






Chapter 1.2
The respiratory system



Chapter objectives

After reading this chapter you should be able to:


	●  Understand the following lung volumes: residual volume, expiratory reserve volume, inspiratory reserve volume, tidal volume and minute ventilation.


	●  Understand the impact of physical activity and sport on these lung volumes.


	●  Explain gas exchange of oxygen and carbon dioxide at alveoli and muscles, through the principles of diffusion and partial pressures.


	●  Understand the hormonal, neural and chemical regulation of pulmonary ventilation during physical activity.


	●  Explain the role of chemoreceptors, proprioceptors and baroreceptors in the regulation of pulmonary ventilation during exercise.


	●  Understand the effect of poor lifestyle choices on the respiratory system.






The body needs a continuous supply of oxygen to produce energy. When we use oxygen to break down food to release energy, carbon dioxide is produced as a waste product and the body must remove this. Respiration, therefore, is the taking in of oxygen and the removal of carbon dioxide. It includes:


	●  ventilation – getting air into and out of the lungs


	●  external respiration – gaseous exchange between the lungs and blood


	●  transport of gases


	●  internal respiration – exchange of gases between the blood in the capillaries and the body cells


	●  cellular respiration – the metabolic reactions and processes that take place in a cell to obtain energy from fuels such as glucose (this is covered in the second year of A-level).




Review of the structure of the lungs


STUDY HINT

A knowledge of the structure of the lungs and the respiratory airways will help in your understanding of the respiratory system.



Air is a mixture of gases and is drawn into the body through the nose. It passes through the pharynx and onto the larynx (voice box) then down the trachea (windpipe) and into the right and left bronchus. Air moves through each bronchus and they subdivide into secondary bronchi. These then get progressively thinner and branch into bronchioles and then respiratory bronchioles, which lead into the alveoli (as shown in Figure 1).

[image: image]
Figure 1 The structure of the respiratory system



ACTIVITY

Rearrange the following words to show the correct passage of air:

larynx

nose

trachea

pharynx

alveoli

bronchioles

bronchi



Memory tools

Make up a mnemonic to try to remember the correct passage of air – such as ‘nearly lobbed the ball brilliantly again’ – nose, larynx, trachea, bronchi, bronchioles, alveoli.

The alveoli are responsible for the exchange of gases between the lungs and the blood. This occurs via diffusion which is the movement of gas molecules from an area of high partial pressure (high concentration) to an area of low partial pressure (low concentration).


KEY TERM

Diffusion: The movement of gas molecules from an area of high concentration or partial pressure to an area of low concentration or partial pressure.



The structure of alveoli is designed to help gaseous exchange. Their walls are very thin (only one cell thick) which means there is a short diffusion pathway. This is because there are only two layers of cells from the air in the alveoli to the blood. An extensive capillary network surrounds the alveoli so they have an excellent blood supply. They have a huge surface area because there are millions of alveoli in each lung, which allows for a greater uptake of oxygen.


KEY TERM

Gaseous exchange: The movement of oxygen from the air into the blood, and carbon dioxide from the blood into the air.



Memory tools

Remember the diffusion of gases at the alveoli is helped enormously by their structure. Memorise BOG where B stands for big surface area, O for one cell thick and G for good blood supply.

[image: image]
Figure 2 The alveoli


The mechanics of breathing 

It is important to remember that air will always move from an area of high pressure to an area of low pressure via diffusion (explained earlier). The greater the difference in pressure, the faster air will flow. This means that in order to get air into the lungs (inspiration), the pressure needs to be lower here than in the atmosphere. To get air out (expiration), air pressure needs to be higher in the lungs than the atmosphere. Increasing the volume of the thoracic cavity (chest cavity) will reduce the pressure of air in the lungs. Decreasing the volume of the thoracic cavity will increase the pressure of air in the lungs, forcing the air out.


STUDY HINT

You should be aware of the muscles involved in breathing to help you understand the regulation of pulmonary ventilation.



The contraction of muscles causes these pressure changes.

Table 1 The muscles used for inspiration and expiration at rest and during exercise









	
Ventilation phase


	
Muscles used during breathing at rest


	
Muscles used during exercise





	
Inspiration


	
Diaphragm

External intercostals


	
Diaphragm

External intercostals

Sternocleidomastoid

Scalenes

Pectoralis minor





	
Expiration


	
Passive: diaphragm and external intercostals just relax


	
Internal intercostals

Abdominals
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Figure 3 The mechanics of breathing


Lung volumes

This is the movement of air into and out of the lungs. Taking air into the lungs is inspiration
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Minute ventilation
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Gaseous exchange 



	

	














Gaseous exchange at the alveoli





















	





	 
	


	


	





	


	


	


	





	


	


	


	





	


	


	


	





	


	


	


	







Gaseous exchange at the muscles
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Regulation of pulmonary ventilation during exercise
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Neural and chemical regulation of pulmonary ventilation



















Other factors affecting neural control of breathing 
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Impact of poor lifestyle choices on the respiratory system


Smoking 
















	

	

	

	

	

	

	

	

	

	

	

	

	








		

	

		



		



		



		



		

	

		

	

		

	

		

	





Chapter 1.3
The neuromuscular system






	

	

	

	

	






The autonomic nervous system and neuromuscular system
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Types of muscle fibre



	

	

	










Slow twitch fibres (type I)







Fast twitch fibres (type II)
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Characteristics of slow and fast twitch muscle fibres












	


	


	


	





	


	


	


	





	


	


	


	





	


	


	


	





	


	


	


	





	


	


	


	





	


	


	


	





	


	


	


	





	


	


	


	





	


	


	


	





	


	


	


	





	


	


	


	























	


	





	 
 
 
 
 
 
	 
 
 
 
 
 











The effect of training on fibre type







The motor unit
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The all or none law 







Slow twitch and fast twitch motor units


How to increase the strength of contraction
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PNF (proprioceptive neuromuscular facilitation)






The role of muscle spindles and golgi tendon organs in PNF


Proprioceptors 








Muscle spindles
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Golgi tendon organs
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PNF in practice
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Chapter 1.4
The musculoskeletal system and analysis of movement in physical activities






	

	

	

	

	

	






Types of joints
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Ball and socket joint







Hinge joint



















	


	


	





	


	


	 



	


	


	 



	


	


	 



	


	


	 



	


	


	 












Planes and axes
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Joint actions in the sagittal plane about a transverse axis
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Joint actions in the frontal plane about a sagittal axis


Joint actions in the transverse plane about a longitudinal axis
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Agonists and antagonists
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Types of muscular contraction








Isotonic


Concentric contraction 







Eccentric contraction







Isometric contraction
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