



[image: ]









[image: ]






Acknowledgements


p.23 Figure 7 From Respiratory responses to acute exercise, http://completesoccertraining.blogspot.in/2012/06/respiratory-responses-to-acute-exercise.html; p.25 Figure 8 Movement of O2 and CO2 in the body due to partial pressures, from Human Physiology, http://www.ric.edu/faculty/jmontvilo/335files/335(27)respirationmech.htm by Jerome A. Montvilo; p.115 Figure 1 StreetGames Fact Sheet: ‘Tennis Participation & Social Class 2013’. Original source data: Sport England Active People Survey (APS6 2011/12); p.124 Figure 7 Data Source: WSFF, BMRB Omnibus Survey, 2008. Question asked ‘if facilities were to learn from shops, which of the following do you think would encourage more women and girls to take part in sport?’ used with the permission from Sport England; p.125–6 Figure 8 Data Source: Male and female participation rates by sporting type, October 2018 and Figure 10 Top five sports: number of adults taking part in sport at least once a week by sport. https://activelives.sportengland.org/Result?viewStateId=3. used with the permission from Sport England; p.178 SCAT text extracts: https://www.brianmac.co.uk/scat.htm; p.179 Competitive State Anxiety Inventory extracts: Data Source: Martens, R., Vealey, R. and Burton, D. (1990) Competitive Anxiety in Sport. Leeds: Human Kinetics. Used with permission via CCC.


Every effort has been made to trace all copyright holders, but if any have been inadvertently overlooked, the Publishers will be pleased to make the necessary arrangements at the first opportunity. Although every effort has been made to ensure that website addresses are correct at time of going to press, Hodder Education cannot be held responsible for the content of any website mentioned in this book. It is sometimes possible to find a relocated web page by typing in the address of the home page for a website in the URL window of your browser.


Hachette UK’s policy is to use papers that are natural, renewable and recyclable products and made from wood grown in well-managed forests and other controlled sources. The logging and manufacturing processes are expected to conform to the environmental regulations of the country of origin.


Orders: please contact Bookpoint Ltd, 130 Park Drive, Milton Park, Abingdon, Oxon OX14 4SE.


Telephone: +44 (0)1235 827827. Fax +44(0)1235 400401. Email education@bookpoint.co.uk Lines are open from 9 a.m. to 5 p.m., Monday to Saturday, with a 24-hour message answering service. You can also order through our website: www.hoddereducation.co.uk


ISBN: 978 1 5104 7330 0
eISBN: 978 1 5104 7347 8


© Carl Atherton, Sue Young, Ross Howitt, Symond Burrows, Mike Murray 2019


First published in 2016


This combined second edition published in 2019 by


Hodder Education,


An Hachette UK Company


Carmelite House


50 Victoria Embankment


London EC4Y 0DZ


www.hoddereducation.co.uk


Impression number 10 9 8 7 6 5 4 3 2 1


Year 2023 2022 2021 2020 2019


All rights reserved. Apart from any use permitted under UK copyright law, no part of this publication may be reproduced or transmitted in any form or by any means, electronic or mechanical, including photocopying and recording, or held within any information storage and retrieval system, without permission in writing from the publisher or under licence from the Copyright Licensing Agency Limited. Further details of such licences (for reprographic reproduction) may be obtained from the Copyright Licensing Agency Limited, www.cla.co.uk.


Cover photo © zeremskimilan – stock.adobe.com


Illustrations by Integra Software Services Pvt Ltd., Pondicherry, India


Typeset in 11/13pt ITC Berkeley Oldstyle Std Book by Integra Software Services Pvt. Ltd., Pondicherry, India


Printed in Italy


A catalogue record for this title is available from the British Library.




[image: ]







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.
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Chapter objectives





•  Each chapter starts with a clear list of what is to be studied.
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STUDY HINTS


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


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


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


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





•  These boxes contain summaries of what you have learned in each section.
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CHECK YOUR UNDERSTANDING


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


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


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.




[image: ]

Figure 2 The cardiac conduction system
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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
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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.


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


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.


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.
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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!
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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.




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.
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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.
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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.


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.







Memory tools


Starling’s Law


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


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.
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Figure 4 Heart rate responses to high intensity and submaximal exercise
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ACTIVITY


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


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).
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Figure 5 Graph to show cardiac output response to exercise





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










Memory tools


Maximum heart rate is calculated as 220 minus your age.
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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.
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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.


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!
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Figure 6 Graph to show stroke volume response to exercise





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.
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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?
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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.


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.





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.
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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.
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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.
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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.
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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.
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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


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.


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


Look at the graph and give three key points about blood pressure.
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Figure 8
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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.


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.
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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.





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.
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CHECK YOUR UNDERSTANDING


Describe the mechanisms that are used to return blood to the heart.
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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).
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STUDY HINT


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




[image: ]


STUDY HINT


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


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.



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.
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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.
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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.
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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.
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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).





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.
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Figure 12 The vascular shunt
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ACTIVITY


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


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




[image: ]


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?


[image: ]








[image: ]


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.
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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)
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Chapter 1.2 The respiratory system
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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.
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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
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STUDY HINT


A knowledge of the structure of the lungs and the respiratory airways will help in your understanding of the respiratory system.
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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).
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Figure 1 The structure of the respiratory system
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ACTIVITY


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


larynx


nose


trachea


pharynx


alveoli


bronchioles


bronchi
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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).


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.




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.
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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.
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STUDY HINT


You should be aware of the muscles involved in breathing to help you understand the regulation of pulmonary ventilation.
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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 and moving air out is expiration. At rest we inspire and expire approximately 0.5 litres of air. The volume of air inspired or expired per breath is referred to as the tidal volume. The volume of air inspired or expired per minute is referred to as minute ventilation and can be calculated by multiplying the number of breaths taken per minute (approximately 12) by the tidal volume:


Number of breaths (per min) × tidal volume = minute ventilation


12 × 0.5 = 6 litres/min


At rest, we still have the ability to breathe in and breathe out more air than just the tidal volume. This extra amount of air inspired is the inspiratory reserve volume (IRV) and the amount expired is the expiratory reserve volume (ERV). Exercise will have an effect on these lung volumes. More oxygen is required so our depth of breathing increases. This means tidal volume increases because we are using more of our inspiratory reserve volume and expiratory reserve volume.
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ACTIVITIES





1  To help you understand inspiratory reserve volume, try the following:







    •  Take a normal breath in (tidal volume) and hold it.


    •  Now take an additional breath in until your lungs feel full. This is your inspiratory reserve volume.








2  To help you understand expiratory reserve volume, try the following:







    •  Breathe out normally (tidal volume) and hold it.


    •  Now breathe out further as much as you can. This is your expiratory reserve volume.








3  Work out what happens to these volumes during exercise. This time the initial breath in and out needs to be much deeper as breathing is both quicker and deeper during exercise.
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STUDY HINTS


Do not use abbreviations in the exam.
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When we breathe out as hard as we can, there is still some air left in the lungs; this is called the residual volume. Some air remains in the lungs after breathing because we can never totally empty our lungs even when we have exhaled as much as possible. This is because there will still be some air in the alveoli, bronchi and trachea as these are held open permanently by rings of cartilage.


Table 2 identifies the different parts of our total lung volume.






	
Table 2 The different parts of an individual’s total lung volume and the changes that take place in these volumes during exercise






	Lung volume or capacity

	Definition

	Changes during exercise






	Tidal volume

	Volume of air breathed in or out per breath

	Increase






	Inspiratory reserve volume

	Volume of air that can be forcibly inspired after a normal breath

	Decrease






	Expiratory reserve volume

	Volume of air that can be forcibly expired after a normal breath

	Slight decrease






	Residual volume

	Volume of air that remains in the lungs after maximum expiration

	Remains the same






	Minute ventilation

	Volume of air breathed in or out per minute

	Big increase
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STUDY HINTS


You may be asked for a definition of a certain lung volume and an explanation of how these change during exercise.
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The volume of air we breathe in and out can be measured using a spirometer. Here, an individual breathes in and out of a sealed chamber through a mouthpiece. This makes the chamber inflate and deflate and as this happens, a pen recorder traces the breathing movements onto a chart. The machine is calibrated so that breathing volumes can be calculated. An example of a spirometer trace can be seen in Figure 4.
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Figure 4 Spirometer trace of respiratory air





During exercise, the spirometer trace changes (Figure 5):
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Figure 5 Graphical representation of tidal volume





Graphical representation of tidal volume is different. During exercise, the lines representing tidal volume are now longer and much closer together, which shows an increase in tidal volume and an increase in the rate of breathing. As you’ll see from Figure 5, deeper and quicker breathing of tidal volume means that inspiratory reserve volume and expiratory reserve volumes are reduced.




[image: ]


STUDY HINT


Make sure you can label tidal volume, inspiratory reserve volume, expiratory reserve volume and residual volume on a spirometer trace.
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CHECK YOUR UNDERSTANDING


Figure 6 shows the spirometer trace of a badminton player.
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Figure 6 Spirogram of respiratory air





What lung volumes are represented by A, B, C and D?


A =


B =


C =


D =
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Minute ventilation


Minute ventilation is the volume of air inhaled or exhaled from the lungs per minute. Changes in minute ventilation occur during different types of exercise. As you would expect, the more demanding the physical activity is, the more breathing increases to meet the extra oxygen demand. This is illustrated in Figure 7:
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Figure 7 The respiratory response to various intensities of exercise







[image: ]


STUDY HINT


Look how breathing rate increases just before exercise. This is due to the action of the hormone adrenaline, which will be described in more detail later in the chapter.
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Gaseous exchange



Gaseous exchange is concerned with:





•  Getting oxygen in air into the lungs so that it can diffuse into the blood and be transported to the cells of the body.



•  The removal of carbon dioxide from the blood.





The terms partial pressure and diffusion are used when describing the gaseous exchange process. Quite simply, all gases exert a pressure. Oxygen makes up only a small part of air (approximately 21 per cent) so it therefore exerts a partial pressure. Diffusion is the movement of gas molecules from an area of high concentration or partial pressure to an area of low concentration or partial pressure. Since gases flow from an area of high pressure to an area of low pressure, it is important that as air moves from the alveoli to the blood and then to the muscle, the partial pressure of oxygen of each needs to be successively lower.
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STUDY HINT


mmHg stands for millimetres of mercury. This is the unit of measurement for pressure.
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Gaseous exchange at the alveoli


The partial pressure of oxygen (pO2) in the alveoli (100 mmHg) is higher than the partial pressure of oxygen in the capillary blood vessels (40 mmHg). This is because oxygen has been removed by the working muscles so its concentration in the blood is lower, and therefore so is its partial pressure. The difference in partial pressure is referred to as the concentration/diffusion gradient and the bigger this gradient, the faster diffusion will be. Oxygen will diffuse from the alveoli into the blood until the pressure is equal in both.




Memory tools


The diffusion pathway of oxygen is alveoli → blood → muscles


The diffusion pathway of carbon dioxide is muscles → blood → alveoli





The movement of carbon dioxide occurs in the same way but in reverse order. This time the partial pressure of carbon dioxide in the blood entering the alveolar capillaries is higher (45 mmHg) than in the alveoli (40 mmHg) so carbon dioxide diffuses into the alveoli from blood until the pressure is equal in both.






	
Table 3 Percentages of gases and water content in inspired and expired air






	Percentages of gases and water content in inspired and expired air






	 

	Inspired air at rest (% gases)

	Expired air at rest (% gases)

	Expired air during exercise (% gases)






	Oxygen

	21


	16.4


	14







	Carbon dioxide

	0.03


	4.0


	6







	Nitrogen

	79


	79.6


	79







	Water vapour

	Varied


	Saturated


	Saturated








Gaseous exchange at the muscles


The partial pressure of oxygen has to be lower at the tissues than in the blood for diffusion to occur. As such, in the capillary membranes surrounding the muscle the partial pressure of oxygen is 40 mmHg and it is 100 mmHg in the blood. This lower partial pressure allows oxygen to diffuse from the blood into the muscle until equilibrium is reached. Conversely, the partial pressure of carbon dioxide in the blood (40 mmHg) is lower than in the tissues (46 mmHg) so again, diffusion occurs and carbon dioxide moves into the blood to be transported to the lungs.
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ACTIVITY


Draw a simple diagram to show the movement of oxygen from the alveoli to the muscles and the movement of carbon dioxide from the muscles to the alveoli. On this diagram label the partial pressures of oxygen and carbon dioxide and show the diffusion directions.
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Figure 8 highlights the differences in the partial pressure of oxygen and carbon dioxide in the alveoli, blood and muscle cell.
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Figure 8 Movement of O2 and CO2 in the body due to partial pressures
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CHECK YOUR UNDERSTANDING


In order to make use of their stamina, footballers need to take in oxygen. Figure 9 shows values for the partial pressure of oxygen and carbon dioxide at two different locations in one gas exchange system. Use the numbers in the diagram to explain gas exchange.
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Figure 9 The differences in partial pressure of oxygen and carbon dioxide in the alveolus and blood capillary
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Regulation of pulmonary ventilation during exercise


There are three factors involved in the regulation of pulmonary ventilation during exercise:





•  neural control



•  chemical control



•  hormonal control.







Memory tools


Pulmonary ventilation simply means breathing!





Neural and chemical regulation of pulmonary ventilation


In simple terms, neural control involves the brain and the nervous system and chemical control is concerned with blood acidity. Both of these work together as a team to regulate breathing. When blood acidity is high, the brain is informed and it sends impulses through the nervous system to increase breathing!
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ACTIVITY


Use the information from Figure 8 to explain how oxygen and carbon dioxide move between the two locations.
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Pulmonary ventilation is breathing and the nervous system controls this automatically through two systems: the sympathetic and parasympathetic.




Memory tools


Remember neural and chemical control were both discussed in Chapter 1.1 and are also important in the respiratory system.





Both of these cause opposite effects because their activating chemicals are different. The sympathetic nervous system prepares your body for exercise so it will increase breathing rate (how fast you breathe), whereas the parasympathetic nervous system will do the opposite and lower breathing rate. The respiratory centre located in the medulla oblongata of the brain controls the rate and depth of breathing and uses both neural and chemical control.
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STUDY HINT


Exercise always involves the sympathetic system.
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An increased concentration of carbon dioxide in the blood stimulates the respiratory centre to increase respiratory rate. The respiratory centre has two main areas. The inspiratory centre is responsible for inspiration and expiration. The expiratory centre stimulates the expiratory muscles during exercise.


The inspiratory centre sends out nerve impulses via the phrenic nerve to the inspiratory muscles (diaphragm and external intercostals) to cause them to contract. This stimulation acts for approximately two seconds and then the impulses stop and passive expiration occurs due to the elastic recoil of the lungs.


The respiratory centre responds mainly to changes in blood chemistry. During exercise, blood acidity increases as a result of an increase in the plasma concentration of carbon dioxide and an increase in lactic acid production. These changes are detected by chemoreceptors, which are found in the carotid artery and the aortic arch and they send impulses to the inspiratory centre to increase ventilation until the blood acidity has returned to normal. To achieve this, the respiratory centre sends impulses down the phrenic nerve to stimulate more inspiratory muscles: namely the sternocleidomastoid, scalenes and pectoralis minor. As a result, the rate, depth and rhythm of breathing increase.


Other factors affecting neural control of breathing





•  Mechanical factors – proprioceptors are sensory receptors located in the joints and muscles that provide feedback to the respiratory centre to increase breathing during exercise.



•  Baroreceptors – a decrease in blood pressure detected by baroreceptors in the aorta and carotid arteries results in an increase in breathing rate.



•  Stretch receptors – during exercise the lungs are also stretched more. Stretch receptors prevent over-inflation of the lungs by sending impulses to the expiratory centre and then down the intercostal nerve to the expiratory muscles (abdominals and internal intercostals) so that expiration occurs. This process is summarised in Figure 10:
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Figure 10 Control of ventilation







Memory tools


The order of neural/chemical control for inspiration is:


Receptors → medulla → phrenic nerve → diaphragm and external intercostals


The order of neural/chemical control for expiration is:


Receptors → medulla → intercostal nerve → abdominals and internal intercostals





Impact of poor lifestyle choices on the respiratory system


There are many lifestyle choices we make, such as what we eat, how much we exercise, how much alcohol we drink, or whether we choose to smoke. These can all have an impact on our health.


Smoking


Smoking has a huge effect on the respiratory system. It can cause irritation of the trachea and bronchi. It reduces lung function and increases breathlessness caused by the swelling and narrowing of the lungs’ airways. Cigarette smoke damages the cells lining the trachea, bronchi and bronchioles. These tiny cells have microscopic hair-like cilia on their surface, which help to push mucus out of the lungs. When they are damaged, excess mucus builds up in the lung passages, which leads to a smoker’s cough to try to get rid of the mucus.


Smoking can damage the alveoli as their walls break down and join together forming larger air spaces than normal. This reduces the efficiency of gaseous exchange, which also increases the risk of COPD (chronic obstructive pulmonary disease). Smoking also affects oxygen transport as the carbon monoxide from cigarettes combines with haemoglobin in red blood cells much more readily than oxygen. This reduces the oxygen-carrying capacity of the blood, which increases breathlessness during exercise.
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SUMMARY





•  You need to be able to define tidal volume (volume of air breathed in or out per breath), inspiratory reserve volume (volume of air that can be forcibly inspired after a normal breath), expiratory reserve volume (volume of air that can be forcibly expired after a normal breath) and residual volume (volume of air that remains in the lungs after maximum expiration).



•  Minute ventilation is the volume of air breathed in or out per minute.



•  Learn to label tidal volume, inspiratory reserve volume, expiratory reserve volume and residual volume on a spirometer trace.



•  Gaseous exchange is the taking in of oxygen and the removal of carbon dioxide.



•  Partial pressure is a term used for the pressure exerted by an individual gas when it exists within a mixture of gases.



•  Oxygen and carbon dioxide are exchanged via diffusion, which is the movement of gas molecules from an area of high concentration or partial pressure to an area of low concentration or partial pressure.



•  Remember the diffusion pathway of oxygen is: alveoli → blood → muscles; and of carbon dioxide it is: muscles → blood → alveoli.



•  Diffusion gradient is often referred to as the concentration gradient. It explains how gases flow from an area of high concentration to an area of low concentration. The steeper this gradient, the faster diffusion occurs.



•  The sympathetic nervous system prepares your body for exercise so that it will increase breathing rate.



•  The parasympathetic nervous system lowers breathing rate.



•  Chemoreceptors detect increases in blood carbon dioxide and they send impulses to the inspiratory centre to increase ventilation until blood acidity has returned to normal.



•  A decrease in blood pressure detected by baroreceptors in the aorta and carotid arteries results in an increase in breathing rate.



•  When describing neural and chemical control of breathing, make sure you know the correct order for inspiration (receptors → medulla → phrenic nerve → diaphragm and external intercostals) and expiration (receptors → medulla → intercostal nerve → abdominals and internal intercostals).
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PRACTICE QUESTIONS





1  Which of the following statements is correct?


(1 mark)







    a)  Tidal volume is the amount of air breathed in after a normal breath.


    b)  Expiratory reserve volume is the amount of air that can be breathed out.


    c)  Minute ventilation is inspiratory reserve volume + expiratory reserve volume.


    d)  Inspiratory reserve volume is the amount of air that can be forcibly inspired after a normal breath.








2  During exercise, the demand for oxygen by the muscles increases. How does an increase in blood carbon dioxide change breathing rate?


(4 marks)



3  Gas exchange and oxygen delivery influence performance in sporting activities. Explain how oxygen diffuses from the lungs into the blood and how it is transported to the tissues.


(4 marks)



4  Define tidal volume and identify what happens to this respiratory volume during exercise.


(2 marks)



5  Evaluate the effectiveness of continuous training for a rugby player. In your answer, consider the long-term effects of this type of training on the respiratory system.


(8 marks)
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Chapter 1.3 The neuromuscular system
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Chapter objectives


After reading this chapter you should be able to:





•  Identify the characteristics and functions of the three fibre types: slow twitch (type I), fast oxidative glycolytic (type IIa) and fast glycolytic (type IIx) for a variety of sporting activities.



•  Learn more about the role of the sympathetic and parasympathetic nervous system.



•  Explain the recruitment of muscle fibres through an explanation of motor units.



•  Explain the role of the two proprioceptor muscle spindles and golgi tendon organs in PNF.



•  Understand the terms spatial summation, wave summation, all or none law and tetanic contraction.
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This chapter will develop your understanding of the relationship between the nervous and muscular systems so you can see what goes on ‘behind the scenes’ neurologically. It details why and when the body recruits different muscle fibre types, how it adjusts the strength of contraction and explains how sensory organs can allow a muscle to stretch further in PNF.


The autonomic nervous system and neuromuscular system


The autonomic nervous system regulates the function of our internal organs such as the heart and also controls some of our skeletal muscles within the body. It works involuntarily, which means that things take place which we do not notice. For example, while playing football, we don’t tell our muscles: ‘OK, now we need a bigger contraction to jump high to head the ball!’ The nervous system will do this automatically for us.


The movement of muscles during exercise is controlled by the brain via nerves. The neuromuscular system is where the nervous system and the muscles work together to allow movement. Changes in the neuromuscular system take place before, during and after exercise. These changes prepare the body for exercise and allow for the changing demands of different intensities of exercise. The sympathetic and parasympathetic systems are part of the peripheral nervous system and their role is to transmit information from the brain to the parts of the body that need to adjust what they are doing to prepare for and recover from exercise.





•  The sympathetic nervous system prepares the body for exercise and is often referred to as the ‘fight or flight response’.



•  The parasympathetic nervous system has the opposite effect of the sympathetic system and relaxes the body and slows down many high energy functions. It is often explained by the phrase ‘rest and relax’.








Memory tools


Sympathetic system is fight or flight – it fires up the body for exercise!


Parasympathetic system is ‘rest and relax’ – it slows everything down!
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Figure 1 An endurance runner





Types of muscle fibre


Three main types of muscle fibre can be identified:





•  slow oxidative (type I) (also known as slow twitch)



•  fast oxidative glycolytic (type IIa)



•  fast glycolytic (type IIx).





Our skeletal muscles contain a mixture of all three types of fibre but not in equal proportions. This mix is mainly genetically determined.


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 twitch fibres in the leg muscles, and in the elite sprinter a greater proportion of fast twitch fibres in the leg muscles. Also, postural muscles tend to have a greater proportion of slow twitch fibres as they are involved in maintaining body position over a long period of time.
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STUDY HINT


Slow twitch fibres contract more slowly and do not fatigue quickly so they tend to be used by endurance runners who use the aerobic system to supply the majority of their energy.
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Slow twitch fibres (type I)


These fibres have a slower contraction speed than fast twitch fibres and are better adapted to lower intensity exercise such as long-distance running. They produce most of their energy aerobically (using oxygen) and therefore have specific characteristics that allow them to use oxygen more effectively.


Fast twitch fibres (type II)


These fibres have a much faster contraction speed and can generate a greater force of contraction. However, they also fatigue very quickly and are used for short, intense bursts of effort. They produce most of their energy anaerobically (without oxygen). There are two types of fast twitch fibre:





•  Type IIa fast oxidative glycolytic – these fibres are more resistant to fatigue and are used for events such as the 1500m in athletics where a longer burst of energy is needed.



•  Type IIx fast glycolytic – these fibres fatigue much quicker than type IIa and are used for highly explosive events such as the 100m in athletics where a quick, short burst of energy is needed.
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Figure 2 A sprinter
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ACTIVITY


Copy and complete Table 1. Can you think of three sporting examples for each category where this type of muscle fibre provides the majority of energy?






	Table 1






	SLOW TWITCH (TYPE 1)

	FAST TWITCH (IIa)

	FAST TWITCH (IIx)






	1

2


3



	1

2


3



	1

2


3
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STUDY HINT


Fast twitch fibres contract quickly and generate a lot of force so they are used by power athletes.
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Characteristics of slow and fast twitch muscle fibres


All three fibre types have specific characteristics that allow them to perform their role successfully. These can be found in Table 2:






	
Table 2 Characteristics of slow and fast twitch muscle fibres






	Characteristic

	Type I

	Type IIa

	Type IIx






	Contraction speed (metres per second)

	Slow (110)

	Fast (50)

	Fast (50)






	Motor neurone size

	Small

	Large

	Large






	Motor neurone conduction capacity

	Slow

	Fast

	Fast






	Force produced

	Low

	High

	High






	Fatigability

	Low

	Medium

	High






	Mitochondrial density

	High

	Medium

	Low






	Myoglobin content

	High

	Medium

	Low






	Capillary density

	High

	Medium

	Low






	Aerobic capacity

	Very high

	Medium

	Low






	Anaerobic capacity

	Low

	High

	Very high






	Myosin ATPase/glycolytic enzyme activity

	Low

	High

	Very high
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STUDY HINT


Remember to learn the characteristics of the fibre types, but also make sure you can explain how these characteristics are suited to producing ATP aerobically and anaerobically.
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ACTIVITY


Each of the characteristics you have just learned can be divided into two groups. They can either be a functional characteristic or a structural characteristic. A functional characteristic is what the fibre does and a structural characteristic is the make-up of the fibre. Copy and complete Table 3 and place each of the characteristics from Table 2 into the relevant category.






	
Table 3 Functional and structural characteristics of muscle fibres






	FUNCTIONAL CHARACTERISTIC

	STRUCTURAL CHARACTERISTIC
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CHECK YOUR UNDERSTANDING


A basketball player will use type IIx fibres to jump as high as possible to win a rebound. Can you give two characteristics of this fibre type?
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The effect of training on fibre type


Fibre type appears to be genetically determined. However, it is possible to increase the size of muscle fibres through training. This increase in size is called hypertrophy, which results in a greater strength in the muscle.



The motor unit



Muscle fibres are grouped into motor units. A motor unit consists of a motor neurone and its muscle fibres. Only one type of muscle fibre can be found in one particular motor unit. Muscle fibres work with the nervous system so that a contraction can occur. The motor neurone transmits the nerve impulse to the muscle fibre. Each motor neurone has branches that end in the neuromuscular junction on the muscle fibre.




Memory tools


Motor = movement.
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Figure 3 A motor unit





Each muscle is made up of many motor units and they vary in size. A small muscle that is used for fine motor control, for example the muscles controlling eye movements, will have motor units that have only a few fibres per motor neurone. However, a large muscle used for gross motor control, such as the quadriceps when the leg is extended, will have motor units with a motor neurone feeding hundreds of fibres. (See Chapter 2.1 for a definition of fine and gross skills.)


The all or none law


Once the motor neurone stimulates the muscle fibres, either all of them contract or none of them contract. It is not possible for a motor unit to partially contract. This is called the all or none law. Here, a minimum amount of stimulation called the ‘threshold’ is required to start a contraction. If the sequence of impulses is equal to or more than the threshold, all the muscle fibres in a motor unit will contract. However, if the sequence of impulses is less than the threshold, then no muscle action will occur.


Slow twitch and fast twitch motor units


Motor units contain the same type of muscle fibre so they are either slow twitch or fast twitch motor units. The brain will recruit slow twitch motor units for low intensity activity such as jogging or long-distance swimming. If a greater force of contraction is needed, the brain will recruit fast twitch motor units for activities such as sprinting or power lifting.


How to increase the strength of contraction


A basketball player jumping up for a rebound needs to exert as much force as possible to gain the height needed to win the rebound. In order to increase the strength or force exerted by her quadriceps muscle to extend her knee as she jumps, the following needs to take place:





•  Wave summation. The greater the frequency of stimuli, the greater the tension developed by the muscle. This is referred to as wave summation where repeated activation of a motor neurone stimulating a given muscle fibre results in a greater force of contraction. Each time the nerve impulse reaches the muscle cell, calcium is released. In simple terms, calcium needs to be present for a muscle to contract. If there are repeated nerve impulses with no time to relax, calcium will build up in the muscle cell. This produces a forceful, sustained, smooth contraction which is referred to as a tetanic contraction.
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Figure 4 a) Low-frequency stimuli; b) high-frequency stimuli leading to increased tension








•  Spatial summation. This occurs when impulses are received at the same time at different places on the neurone which add up to fire the neurone. It is the recruitment of additional and bigger motor units within a muscle to develop more force. This means the basketball player will use lots of large, fast twitch motor units in her quadriceps muscles to try to achieve as much height as possible as she jumps for the rebound.
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STUDY HINT


Questions on motor units often ask how they can be used to produce muscle contractions of varying strength.
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PNF (proprioceptive neuromuscular facilitation)



Proprioceptive neuromuscular facilitation is an advanced stretching technique. It is also considered to be one of the most effective forms of flexibility training for increasing range of motion. There are a few different PNF techniques but the most practical is the CRAC technique (contract–relax–antagonist–contract).
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CHECK YOUR UNDERSTANDING


A weightlifter needs to produce as much force as possible. Describe how the weightlifter can use motor units to achieve a maximal contraction.
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The role of muscle spindles and golgi tendon organs in PNF


In PNF, muscle action has to be controlled in order for movement to be effective. There are several internal regulatory mechanisms that make this possible.


Proprioceptors


Remember from the previous chapters that these are sensory organs in the muscles, tendons and joints that inform the body of the extent of movement that has taken place. Muscle spindles and golgi tendon organs are types of proprioceptors.


Muscle spindles


These are very sensitive proprioceptors that lie between skeletal muscle fibres. They are often called stretch receptors as they provide information (excitory signals) to the central nervous system about how fast and how far a muscle is being stretched. The central nervous system then sends an impulse back to the muscle telling it to contract, which triggers the stretch reflex. This reflex action that causes the muscle to contract to prevent over-stretching reduces the risk of injury.
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STUDY HINT


Muscle spindles signal changes in the length of a muscle, while golgi tendon organs signal information about the load or force being applied to the muscle.
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Figure 5 A muscle spindle






Golgi tendon organs


These are found between the muscle fibre and tendon. They detect levels of tension in a muscle. When the muscle is contracted isometrically in PNF, they sense the increase in muscle tension and send inhibitory signals to the brain which allows the antagonist muscle to relax and lengthen. This is known as autogenic inhibition.
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Figure 6 Location of golgi tendon organ and muscle spindle
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Figure 7 Golgi tendon organ





PNF in practice
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Figure 8 PNF in practice








a)  Here, the individual performs a passive stretch with the help of a partner and extends the leg until tension is felt. This stretch is detected by the muscle spindles. If the muscle is being stretched too far, then a stretch reflex should occur.



b)  The individual then isometrically contracts the muscle for at least ten seconds by pushing their leg against their partner who supplies just enough resistance to hold the leg in a stationary position. Remember, golgi tendon organs are sensitive to tension developed in a muscle, and during an isometric contraction they are activated and the inhibitory signals they send override the excitory signals from the muscle spindles, therefore delaying the stretch reflex.



c)  As the leg is lifted again, the golgi tendon organs are responsible for the antagonist muscle relaxing, which means the leg stretches further. This process can be repeated until no more gains are possible.
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SUMMARY


In the central nervous system, the sympathetic system fires up the body for exercise and the parasympathetic system slows everything down. Slow twitch fibres are designed to use oxygen and so are used for endurance-based sports, while fast twitch fibres fatigue much faster because they work without oxygen, so they are used by power athletes for short bursts of high intensity exercise.


A motor unit is the motor neurone and muscle fibres and contains only one type of muscle fibre. The strength of a contraction can be altered through spatial summation and wave summation and the ‘all or none’ law. Make sure you can explain these terms. A tetanic contraction is a sustained muscle contraction caused by a series of fast repeating stimuli.


PNF is an advanced stretching technique and you need to be able to explain the physiology behind it using muscle spindles, which detect how far and how fast a muscle is being stretched and golgi tendon organs, which are activated when there is tension in a muscle to relax the antagonist muscle during the stretch.
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PRACTICE QUESTIONS





1  The training that elite performers undertake may include proprioceptive neuromuscular facilitation (PNF) stretching. Explain the role of the muscle spindles and golgi tendon organs in PNF stretching.


(3 marks)



2  Contraction of different types of muscle fibres involves the use of motor units. What do you understand by the term ‘motor unit’?


(2 marks)



3  How are motor units involved in the process of spatial summation?


(2 marks)



4  Describe the characteristics of the main muscle fibre type used by marathon runners.


(4 marks)



5  Analyse how a basketball player can use their knowledge of the neuromuscular system to jump as high as possible to win a rebound.


(8 marks)
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Chapter 1.4 The musculoskeletal system and analysis of movement in physical activities





[image: ]


Chapter objectives


After reading this chapter you should be able to:





•  Identify the type of joint and articulating bones for the ankle, knee, hip, elbow and shoulder.



•  Recognise the actions in these joints that occur in a sagittal plane/transverse axis as flexion, extension, hyper-extension, plantar-flexion and dorsi-flexion.



•  Identify the actions that occur in these joints in a frontal plane/sagittal axis as abduction and adduction.



•  Recognise the actions in these joints that occur in a transverse plane/longitudinal axis as horizontal abduction and horizontal adduction.



•  State the main agonists and antagonists for the actions occurring at these joints.



•  Explain the types of muscle contraction: isotonic (concentric, eccentric) and isometric.
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In this chapter you will analyse five joints (ankle, knee, hip, elbow and shoulder). You will learn to identify the joint actions that occur in a range of physical activities and name the agonists and antagonists for these actions, explaining the type of contraction that is taking place as either isotonic or isometric.


Types of joints


The skeleton is a framework joined together by joints. Joints are necessary for muscles to lever bones, thus creating movement. A joint is formed where any two or more bones meet. Joints are classified by how much movement they allow. There are three types: fibrous or fixed joints; cartilaginous or slightly moveable joints; and synovial or freely moveable joints. For your exam you should only need to study two types of synovial joint: the ball and socket joint in the shoulder and hip, and the hinge joint in the elbow, knee and ankle (see Figures 2 and 3).
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Figure 1 The human skeleton





Ball and socket joint


This joint allows movement in every direction. It is formed by the round head of one bone fitting into the cup-shaped capsule of the connecting bone. The hip and the shoulder are ball and socket joints. The articulating bones of the hip are the femur and pelvis and the humerus and scapula articulate at the shoulder (see Figure 2).
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Figure 2 The hip joint and the shoulder joint





Hinge joint


This joint allows movement in only one direction, due to the shape of the bones making up the joint. The ankle, knee and elbow are hinge joints. The articulating bones of the ankle are the talus, tibia and fibula. The femur and tibia articulate at the knee and the humerus, radius and ulna at the elbow (see Figure 3.)
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Figure 3 The elbow, ankle and knee joints
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STUDY HINT


You may not need to label a skeleton but you should remember the names of the bones that articulate at the ankle, knee, hip, shoulder and elbow.
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ACTIVITY


As the syllabus only requires knowledge of the hip, shoulder, elbow, knee and ankle, copy and complete the table and identify the articulating bones.






	
Table 1 Articulating bones at the five joints in the syllabus






	JOINT

	JOINT TYPE

	ARTICULATING BONES






	Ankle

	Hinge

	 






	Knee

	Hinge

	 






	Hip

	Ball and socket

	 






	Shoulder

	Ball and socket

	 






	Elbow

	Hinge
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STUDY HINT


Note that the fibula stops before it reaches the knee so is not an articulating bone at this joint.
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Planes and axes


To help explain joint action, it is possible to view the body as having a series of imaginary lines running through it. These are referred to as planes of movement and divide the body up in three ways:





•  The sagittal plane: this is a vertical plane, which divides the body into right and left halves.



•  The frontal plane: this is also a vertical plane that divides the body into front and back halves.



•  The transverse plane: this divides the body into upper and lower halves.





The three planes of movement are shown in Figure 4.
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Figure 4 Planes of movement





When performing an activity, a body or body parts will move in one of these planes or in all three of them, depending on the action being performed. In a full twisting somersault, for example, the gymnast will move in all three planes.


There are three axes of movement about which rotation occurs:





•  Transverse axis that runs from side to side across the body.



•  Sagittal axis which runs from front to back.



•  Longitudinal axis that runs from top to bottom.





The joint action taking place (which we will look at next) can be related to both planes and axes. You should remember:





•  Flexion, extension, plantar-flexion, dorsi-flexion and hyper-extension occur in a sagittal plane about a transverse axis.



•  Abduction and adduction occur in a frontal plane about a sagittal axis.



•  Horizontal abduction and horizontal adduction occur in a transverse plane about a longitudinal axis.
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ACTIVITY


Try to think of your own mnemonic to remember which plane and axis the joint actions take place in the following:





•  Abduction and adduction occur in a frontal plane about a sagittal axis.



•  Horizontal abduction and horizontal adduction occur in a transverse plane about a longitudinal axis.
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Memory tools


Remember this with the acronym FEST (flexion, extension/sagittal plane, transverse axis).





Joint actions in the sagittal plane about a transverse axis


The joint actions that take place in the sagittal plane and transverse axis are flexion, extension and hyper-extension. All five of the joints in the syllabus flex and extend, but in the ankle joint the action is called plantar-flexion and dorsi-flexion.


Flexion occurs when there is a decrease in the angle around a joint. When there is an increase in the angle that occurs around a joint, extension occurs. If the angle increases by more than 180 degrees, then hyper-extension takes place.
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Figure 5 Hip flexion and extension
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Figure 6 Hip hyper-extension
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Figure 7 Elbow flexion and extension
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Figure 8 Knee flexion and extension
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Figure 9 Ankle plantar-flexion and dorsi-flexion
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Figure 10 Shoulder flexion





However, shoulder flexion and extension are an exception to the angle rule. It is easier to remember instead that with the arms by the side of the body, raising the arms forward is flexion and lowering the arm down and backwards is extension.
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Figure 11 Shoulder extension and hyper-extension
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Figure 12 Flexion, extension, hyper-extension and plantar-flexion in action! Can you identify the joint actions occurring at the ankles, knees, hips, elbows and shoulders?
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Figure 13 Hip abduction





Joint actions in the frontal plane about a sagittal axis


Abduction is movement away from the midline of the body, for example, raising your arms and legs out to the side away from your body. Adduction is movement towards the midline of the body, for example, lowering the arms and leg back to the sides of the body.


Joint actions in the transverse plane about a longitudinal axis


Horizontal adduction is movement of the arm forward across the body at 90 degrees to shoulder abduction. For example, raise your arm out to the side until it is parallel to the floor (abduction of the shoulder) and then move it across the body. Horizontal abduction is movement of the arm backwards across the body to shoulder abduction. For example, raise your arm and hold it at 90 degrees (flexion of the shoulder), then move it away from the body.





Memory tools


If something is abducted it is taken away. Look at the word adduction – think of adding the arm or leg back to the body.
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ACTIVITY


Copy and complete Table 2 to show the joint actions.






	Table 2






	JOINT

	JOINT ACTIONS






	Shoulder

	 






	Elbow

	 






	Hip

	 






	Knee

	 






	Ankle
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CHECK YOUR UNDERSTANDING



1  Label the joint actions in the elbow and shoulder for Figures 14 and 15.
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Figure 14
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Figure 15






2  Label the joint actions in the ankle, knee and hip in both legs.
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Figure 16








Agonists and antagonists


A joint cannot move by itself, it needs muscles to move bones into position. When a muscle contracts, one end is anchored in place and the other end pulls the bone, causing movement. If we use the biceps as an example, the anchor point is on the scapula (shoulder) and the other end of the muscle attaches on the radius (forearm). The bicep is responsible for flexion of the elbow and when the muscle contracts, the radius moves upwards towards the shoulder.


When the biceps contracts, it is responsible for the movement that is occurring and is said to be acting as an agonist. There can be more than one agonist acting at a joint although this does depend on the type of movement that is being performed. An antagonist muscle is one that works in opposition to the agonist, so when the biceps is contracting, the triceps is lengthening and acting as the antagonist.
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Figure 17 Agonist and antagonist muscles in the arm





When one muscle is acting as an agonist and the other is acting as the antagonist, the muscles are said to be working together as a pair to produce the required movement. This arrangement is commonly referred to as antagonistic muscle action. If we look at flexion of the knee, the hamstrings are the agonist muscles and the quadriceps are the antagonist muscles.
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Figure 18 Human skeletal muscle









	
Table 3 The main agonist and antagonist for each of the joint actions






	Joint action

	Agonist

	Antagonist






	Elbow flexion

	Biceps

	Triceps






	Elbow extension

	Triceps

	Biceps






	Ankle plantar-flexion

	Gastrocnemius

	Tibialis anterior






	Ankle dorsi-flexion

	Tibialis anterior

	Gastrocnemius






	Knee flexion

	Hamstrings

	Quadriceps






	Knee extension

	Quadriceps

	Hamstrings






	Hip flexion

	Iliopsoas/hip flexors

	Gluteals






	Hip extension/hyper-extension

	Gluteals

	Hip flexors






	Hip adduction

	Adductors (adductor brevis/longus/magnus)

	Tensor fascia latae and gluteus medius/minimus






	Hip abduction

	Tensor fascia latae and gluteus medius/minimus

	Adductors (adductor brevis/longus/magnus)






	Hip horizontal adduction

	Adductors

	Tensor fascia latae and gluteus medius/minimus






	Hip horizontal abduction

	Tensor fascia latae and gluteus medius/minimus

	Adductors






	Shoulder flexion

	Anterior deltoid

	Latissimus dorsi






	Shoulder extension/hyper-extension

	Latissimus dorsi

	Anterior deltoid






	Shoulder horizontal abduction

	Latissimus dorsi

	Pectorals






	Shoulder horizontal adduction

	Pectorals

	Latissimus dorsi






	Shoulder adduction

	Posterior deltoid/latissimus dorsi

	Middle deltoid/supraspinatus






	Shoulder abduction

	Middle deltoid/supraspinatus

	Posterior deltoid/latissimus dorsi
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CHECK YOUR UNDERSTANDING


Figure 19 shows a javelin thrower just prior to delivering his throw. As the thrower prepares to throw the javelin, identify the joint action and main agonist occurring at the elbow and shoulder joints during this movement.
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Figure 19 A javelin throw
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Types of muscular contraction


When a muscle works, it contracts. A muscle can contract in different ways, depending on the muscle action that is required. An isotonic contraction is when a muscle contracts to create movement. There are two types of isotonic contraction. When the muscle shortens as the fibres contract, a concentric contraction is taking place and when the fibres contract as the muscle lengthens, an eccentric contraction occurs. An isometric contraction takes place when the muscle is contracting but there is no movement occurring.


Isotonic


A muscle causes movement in an isotonic contraction and there are two types:


Concentric contraction


This is when a muscle shortens under tension, e.g., during the upward phase of an arm curl, the biceps performs a concentric contraction as it shortens to produce flexion of the elbow.
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STUDY HINT


Eccentric is the type of contraction most misunderstood. Remember it is a contraction so the muscle cannot be relaxing, it is lengthening under tension.
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Eccentric contraction


This is when the muscle lengthens under tension (and does not relax). When a muscle contracts eccentrically, it is acting as a brake in helping to control the movement of a body part during negative work. An example could be in landing from a standing jump. Here, the quadriceps are performing negative work as they are supporting the weight of the body during landing. The knee joint is in the flexed position but the quadriceps are unable to relax as the weight of the body ensures that they lengthen under tension.
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STUDY HINT


When asked to identify the type of contraction, if the answer is isometric then expect to see the words ‘still’, ‘stationary’ or ‘held’, or their equivalent, in the wording of the question.
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Isometric contraction


This is when a muscle can contract without actually lengthening or shortening and the result is that no movement occurs. An isometric contraction occurs when a muscle is acting as a fixator or acting against a resistance. A good example is the crucifix position in gymnastics (see Figure 20).
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Figure 20 The crucifix position in gymnastics is a good example of an isometric contraction.





To explain the different types of muscle contraction further. If we use the bicep curl (Figure 21) as an example:





a)  During the upward phase, the bicep brachii contracts to produce flexion of the elbow joint. In this situation it is performing a concentric contraction.



b)  During the downward phase, if you put your hand on a partner’s bicep brachii you will still feel tension. This means the muscle is not relaxing but performing an eccentric contraction where it lengthens under tension.



c)  If the weight is held still at a 90-degree angle, the bicep brachii is under tension even though we do not see any movement. This is an isometric contraction.
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Figure 21 A biceps curl (a) concentric contraction (b) eccentric contraction (c) isometric contraction
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STUDY HINTS


Be careful: sometimes the agonist does not automatically become the antagonist when the movement changes, for example, flexion to extension. In the downward phase of the biceps curl, most students think that the bicep is now the antagonist as elbow extension takes place. However, the bicep is still the agonist as it is lengthening under tension, which means it is contracting to control the lowering of the forearm while it supports the weight.
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ACTIVITIES


Answer the following questions for the movements involved in a press-up.





1  Perform the downward phase of a press-up.







    •  What is happening at the elbow joint?


    •  Which muscle is contracting?


    •  What type of contraction is it performing?








2  Now perform the upward phase of a press-up.







    •  What is happening at the elbow joint?


    •  Which muscle is contracting?


    •  What type of contraction is it performing?








3  Try to hold the press-up in the downward phase.







    •  Which muscle feels as if it is contracting?


    •  What type of contraction is it performing?
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ACTIVITIES


Answer the following questions for the movements involved in a squat.





1  Perform the downward phase of a squat.







    •  What is happening at the knee joint?


    •  Which muscle is contracting?


    •  What type of contraction is it performing?








2  Now perform the upward phase of a squat.







    •  What is happening at the knee joint?


    •  Which muscle is contracting?


    •  What type of contraction is it performing?








3  Try to hold the squat in the downward phase.







    •  Which muscle feels as if it is contracting?


    •  What type of contraction is it performing?
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SUMMARY


It is important to be able to analyse five joints and be able to apply your knowledge to include the type of joint, the bones that articulate, the joint action each joint can perform, together with the plane and axis that these joint actions occur in. In addition, you need to be able to identify an agonist for each of these joint actions and name the type of contractions these agonists are performing as concentric, eccentric or isometric.
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PRACTICE QUESTIONS





1  Which of the following statements is correct?


(1 mark)







    a)  Flexion, extension and hyper-extension occur in a sagittal plane about a transverse axis.


    b)  Flexion, extension and hyper-extension occur in a transverse plane about a longitudinal axis.


    c)  Flexion, extension and hyper-extension occur in a frontal plane about a sagittal axis.


    d)  Flexion, extension and hyper-extension occur in a transverse plane about a sagittal axis.








2  Figure 22 shows a weightlifter performing a squat. Using the picture, identify the joint action, main agonist and the type of muscle contraction occurring at the hip and ankle joints as the weightlifter performs the downward phase.


(6 marks)
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Figure 22 A weightlifter performing a squat






3  Figures 23 and 24 show a press-up being performed during a fitness session:
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Figure 23 A gymnast performing a press-up, part A
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Figure 24 A gymnast performing a press-up, part B











a)  Using Figures 23 and 24, name the main agonist and antagonist acting on the elbow as the gymnast moves from position A to position B.


(2 marks)


Agonist =


Antagonist =



b)  Name the type of muscle contraction that occurs in the main agonist:


At position A while the gymnast is stationary.


As the gymnast moves from position A down to position B.


(2 marks)
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Chapter 2.1 Skill characteristics and their impact on transfer and practice
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Chapter objectives


After reading this chapter you should be able to:





•  Gain insight into the characteristics of skilled performance, so that you can understand what makes actions skilful.



•  Help identify the different types of skills.



•  Give practical examples to explain how skills can be transferred from one type to another, including positive, negative, zero and bilateral transfer.



•  Understand how the features and characteristics of skill impact on the way practice is organised and presented.



•  Justify the placement of various skills on different classification continua.
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This section introduces the concept of skill, a term closely associated with sports performance, and provides an in-depth look into what constitutes skilful performance. What types of skill are there? A look at how that skilful performance can be refined via practice will be examined by linking the types of skill to methods of practice or presentation.


Characteristics of skill


A classic definition of the term skill was given by the sports psychologist Barbara Knapp (in 1963) who described skill as ‘a learned ability to bring about pre-determined results with the minimum outlay of time, energy or both’. This classic definition incorporates the fact that skill is learned from natural abilities and suggests that there is more to the concept of skill than you might think.


Skill has essential characteristics. When watching a really good performance, such as that of an Olympic gymnast performing a floor routine, you might begin to imagine the qualities that would make that performance really good to watch. Those qualities are discussed here.


Such a gymnastic performance does not happen by chance: some work must have gone into it and therefore this leads us to be able to state the first quality of a skill – it is learned. The essential characteristic which separates skill from ability is that, while abilities are natural, skill has to be developed, usually by periods of hard practice!


Skill is also consistent. A penalty taker in a team game or a basketball player taking a free throw would be described as skilful if they could achieve a high percentage rate of success over a number of games. In these two examples, another quality that defines skill is accuracy; the penalty taker needs to hit the target in a precise spot to score.
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Figure 1 A gymnastic performance shows some of the characteristics of skill





Skilled performance is controlled. The diver executing a high dive from the ten-metre board must control their mid-air movements to ensure that when they hit the water, the entry causes minimal splash. Skill is goal directed in the sense that it has an aim: the athlete in a hurdles race has the aim of clearing the hurdles and hitting the finish line in the fastest possible time.


Skill is aesthetically pleasing, which means that it looks good. Imagine the grace and elegance with which an ice skater performs an ice dance routine to music to illustrate the point. Skill is also fluent, economical, smooth and efficient. These four terms imply that a skilled performer, as indicated in Knapp’s definition, can execute the task with minimal use of energy while achieving a high level of success. A climber would hope to complete the first phase or pitch of a route without wasting too much energy so that there is enough energy in the tank for the next pitch to be attempted and more chance of a successful conclusion.




Memory tools


To help you remember the characteristics of skill, the following rhyme or acronym may help you.


The characteristics of skill can be related to the terms ACE FACE!





•  A = aesthetically pleasing



•  C = consistent



•  E = efficient



•  F = fluent



•  A = accurate



•  C = controlled



•  E = economical
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STUDY HINTS


The last four characteristics of skill have similar meaning. Remember, when you are describing the characteristics of skill, try to make sure that you give four characteristics that differ in their description.
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CHECK YOUR UNDERSTANDING


Skills are learned and efficient. State another three characteristics of skill.
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Skill classification: the use of continua


It has already been indicated that skill is developed through practice. In order to make that practice relevant, skill can be classified into various groups so that the correct form of practice can be chosen. The grouping or classifications of skill are based on clearly defined criteria and those criteria are included in a continua which shows the extent to which a skill matches the set criteria. Those criteria are discussed below. It is important to have knowledge of such skill criteria because the coach or player can then realise by how much a skill fits the criteria and so practice can be adjusted. A coach in a team game might deduce that a pass is very open and therefore introduce variety in training to create that unpredictable environment.


Open and closed skills: environmental influence


The first criterion is based on the influence of the environment.


An open skill is performed when the sporting environment is unpredictable and changes frequently. An unpredictable environment simply means all the things that the performer has to think about when playing sport – such as the pitch, the opposition and the position of team mates. This means that the performer must make decisions as the skill is in progress and such a skill might best be practised with variety. An unpredictable environment does not necessarily refer to the weather but can include the changing positions of players on the pitch and the unexpected bounce of a ball.
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Figure 2 A pass in a team game is an example of an open skill





The opposite of an open skill is a closed skill which is performed in a predictable environment when, rather than having to adapt actions during the execution of the skill, the performer can repeat the actions consistently and there are fewer decisions to make. Performing a shot putt is a repeated uniform action in which the regulations and conditions of the throwing action are unlikely to change. Such a skill may best be performed by repetition of the same action.


Gross and fine skills: extent of muscles used


The next set of criteria is based on the extent of the muscle groups used in the action.


A gross skill is one which is performed using large muscle groups such as the shoulder muscles used to initiate a rugby tackle, together with the leg muscles used to drive the opponent to the ground. The large muscles of the quadriceps used in the tackle will have a large number of fibres.


A fine skill is one that uses the smaller, more intricate muscle groups such as the control needed to return a shot in table tennis or even the steady hand needed when attempting to fire a shot in pistol shooting. Small muscles can be used for fine motor control such as the muscles used to control movements of the eyes and of the fingers.
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Figure 3 Shot putt – a closed skill
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Figure 4 Tackle – a gross skill
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Figure 5 Table tennis – a fine skill





Self-paced and externally paced skills: control and rate of execution


The next set of criteria are concerned with the amount of control the performer has over the rate of execution of the skill and the speed with which the skill is performed.


During a self-paced skill, the performer controls the speed at which the skill is performed and often has some control over when to start it. When taking a penalty, the player will decide before the penalty is taken how hard to strike the ball and when to commence the run up (albeit after the referee has indicated that the penalty can commence).


In an externally paced skill, the performer has no control over when to start the skill or how fast it might be performed. In a regatta, the sailor must react to the speed of the wind and the flow of the current when performing a manoeuvre, and has to start the race on the sound of the horn.
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Figure 6 Penalty – self-paced skill
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Figure 7 Sailing – externally paced skill





Discrete, continuous and serial skills: continuity


The next set of criteria is based upon the continuity of the task.


A discrete skill has a clear beginning and end and is one short sharp action. An example is a tennis serve – a fast action, after which the player either stops and repeats if the serve does not go ‘in’ or, on completion of a successful serve, will then move into position to deal with a possible return. Either way, the service action is clearly identified.


A continuous skill has no clear beginning and end and often the end of one part or sub-routine of the skill is the start of the next part. A sub-routine is an action that is part of the whole skill movement. Cycling is an example – when the actions of pedalling can be repeated continuously until the task is completed, or in a non-competitive situation can be stopped when the cyclist feels that they need a rest!


There is a third type of skill based on the criteria of this category that uses discrete skills linked together to form a more continuous movement. A serial skill is defined as one in which several discrete skills are linked together in a specific order to form a completed task.


Examples of such skills include gymnastic, dance or trampoline routines during which distinct discrete skills such as the seat drop, pike and somersault on the trampoline can be practised individually and then put together to form the completed movement. Each skill is a discrete movement – put it together and you have a serial skill. Another classic example is the triple jump in athletics when the hop, step and jump, discrete skills in their own right, are combined to make up the movement.


High and low skills: organisation


Skills can be classified according to how easily they can be broken down into parts, or sub-routines.


A skill that is easily broken down into its sub-routines is called a low organised skill. An example is a swimming stroke because the arm action, leg action and body positioning can be easily identified and practised separately if needed.
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Figure 8 Cycling – continuous skill
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Figure 9 Gymnastics – serial skill







[image: ]

Figure 10 Tennis serve – discrete skill





A highly organised skill is not easily broken down into parts. In the case of a volley in football, the action is very quick and the sub-routines merge quickly as the skill is performed.
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Figure 11 Swimming stroke – low organised skill
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Figure 12 Volley – high organised skill





Simple and complex skills: degree of difficulty


The final criterion on which skills are classified is the degree of difficulty the skills possess in terms of the amount of information needed to complete the skill.


A simple skill needs limited decisions to be processed during its execution and there is not a lot for the performer to think about as the skill is being completed. A forward roll in gymnastics is an example.


A complex skill is one in which there may be many decisions to make and an amount of information needed before the performer can attempt the skill. A dribble in hockey is an example since the player has to take into account the position of other players, attackers and defenders, as well as concentrating on the ball and the control of the stick! The player has to think about the cognitive parts of the skill such as the position of opponents, as well as the psychomotor parts – the stick action.
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Figure 13 Forward roll – simple skill
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Figure 14 Hockey dribble – complex skill






Justification of skill placement on each of the continua



Now that the types of skill have been discussed, there is another aspect to the understanding of skill classification – skills can change! A skill classified as one thing can change in different situations and, as the game or performance develops, skills can be classified in different ways.


For example, in an isolated practice situation, a basketball dribble, when the players are lined up and practising in turn without opposition, can be classed as a closed skill since the environment is predictable. However, in a practice situation of three vs two or during a game, the same skill now becomes open since the environment is changing and unpredictable.


At the start of a swimming race the swimming start may be classed as a discrete skill since it has a clearly defined beginning and end. However, as the actual race gets underway, the swimming stroke can be classed as continuous since it is unclear when one arm action, for example, ends and another arm action begins.
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CHECK YOUR UNDERSTANDING


Classify a sprint start in athletics under the following continua:





•  Open – closed



•  Self-paced – externally paced



•  Discrete serial – continuous.
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ACTIVITY


In this section, various examples have been used to explain the different skill classifications. Review each of the classifications that have been discussed and see if you can think of an example of your own to illustrate the criteria for each classification.
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STUDY HINTS


The situation in which the skill is performed should be taken into account when classifying skills since the skill can change in a different environment.


The accepted criteria and key points should be used to justify the choice of skill classification rather than merely describing an example of the skill.


For example, a basketball free throw is a closed skill because the environment is predictable, not just because a professional court always has the same markings according to laws of the game and the ball must therefore be thrown from the same place each time. Perhaps this last point links back to the start of this chapter – there is a lot more to the concept of skill than you might think!


The command word ‘justify’ means ‘support a case with evidence’. When justifying your choice of skill classification, read and use the information in the exam question. If the question concerns a basketball skill, for example, mention basketball skills in your answer. That way you are using the context of the question.
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Figure 15 Swimming start – discrete
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Figure 16 Swimming race – continuous






Transfer of learning



An essential feature of a skill is that it is learned. In this section, we are going to look at how such learned skills can be transferred from one sporting situation to another. The theory of transfer is defined as the effect of the learning and performance of one skill on the learning and performance of another, and this transfer effect can happen in a number of ways.
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CHECK YOUR UNDERSTANDING





1  In team sports, skills can be classed as open or closed. Using an example from a team game, explain what is meant by both an open and a closed skill.



2  What are the characteristics of skilled performance?
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Types of transfer


Positive transfer


The first type of transfer is called positive transfer and this is defined as when the learning of one skill helps or aids the learning of another.


Positive transfer tends to happen when two skills have a similar shape and form – the actions of the two skills are similar so that the movements of one skill help the action of the other.


Examples would include the similar arm actions of the overarm volleyball serve and the tennis serve or the similar actions of a basketball pass and a netball pass.
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Figure 17 The netball pass has a similar action to the basketball pass
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Figure 18 Basketball pass
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STUDY HINTS


Remember if you are defining or explaining the different types of transfer, you should try to use different words from those already contained in the term. In other words, do not explain the term ‘positive transfer’ by stating that it is when there is a positive effect between skills. You should, however, use exam questions to help you – if the question mentions specific sports, such as tennis and badminton, name these sports in your answer. Use the context of the question!
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Negative transfer


The second type of transfer is not as helpful and is called negative transfer. This happens when the action of one skill hinders the learning of another.


Negative transfer happens when there might be some familiarity with the environment in which the two skills are performed and this familiarity may cause confusion when the actions of the two skills are not the same. Badminton and tennis are games played on a court divided by a net, but the action of the tennis serve uses the arm; the wrist action of the badminton serve is different, hence negative transfer.
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Figures 19 & 20 The tennis serve may have a negative effect on the badminton serve
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STUDY HINT


Negative transfer is sometimes confused with zero transfer – an effect that is really not transfer at all because nothing happens – not positive, not negative, nothing!
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Zero transfer


Zero transfer is when the learning of one skill has no effect on another since the two skills in question have no similarities and no aspect of confusion. The swimming arm action and the foot placement in rock climbing having nothing in common and therefore there is no transfer affect between them.
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Figure 21 The swimming stroke and climbing have no transfer effect
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Figure 22 Rock climbing
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Figure 23 The actions of a shot in football can be transferred from right foot to left foot





Bilateral transfer


Another form of transfer happens, as the name suggests, from one limb to another. Bilateral transfer happens when the learning of one skill is transferred across the body, in the way that a right-footed footballer would be encouraged to use the left foot when required, so that the impact of a shot from the left foot becomes equal to the impact of a shot with the right foot.


Ensuring positive transfer


As far as a coach is concerned, it is the useful effect of positive transfer that is required since this may help players to acquire a greater range of skills. Positive transfer can be encouraged by making sure that training is realistic, so that the use of cones or rugby tackle bags are replaced by real people in small sided games – a more relevant representation of the game!


The coach should make sure that one skill is well learned before moving on to a more advanced skill so that the players experience slow, planned progression and during such progress, the coach could reward and reinforce the players for the correct adaptation of positive transfer by praising players for using skills with similar actions. It is not always possible to achieve positive transfer. If the performer is a novice or lacks the ability to perform a skill then it might be difficult to transfer skills no matter how hard the coach tries!
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CHECK YOUR UNDERSTANDING





1  Explain what you understand by the term positive transfer and give an example of two skills that might promote positive transfer when performed in practice.



2  Consider the skills of a throw in the game of rounders and a javelin throw. What type of transfer do you think could take place between these two skills? Can you explain your choice?
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The impact of skills classification on the structure of practice for learning


Having discussed the different types of skills and classified those skills according to various criteria, it is also important to discuss how knowledge of skill type can help both coach and player pick the right form of practice so that the most beneficial effect can be found when skills are used in the game or event.


When criteria are used to define an open skill such as a pass, the environment is unpredictable and changing. Therefore practice should be varied to account for the changes the player might encounter in the game. Skill classification should determine the best type of practice to use and the coach should consider the type of skill before deciding how to practise it. The types of practice and the ways to present the skill to the learner are discussed below.


Methods of presenting practice


Skills can be presented as a whole or by breaking them down into sub-routines. The decision on which type of practice to use depends on the type of skill, the performer and the advantages that can be gained.


Whole practice


Whole-practice methods involve performing the skill in its entirety without breaking it into sub-routines. This is the ideal way to teach a skill because it promotes understanding, establishes the links between sub-routines and creates fluency. The coach might decide to use whole practice when:





•  The skill is fast, ballistic and discrete such as the sharp action of a tennis serve.



•  The skill is highly organised and cannot easily be broken down into sub-routines.



•  The skill is simple and does not require much thought so that fewer demands are placed on the performer.



•  The feel (kinaesthesis) of the whole task is required as the learner develops and is ready to perform the whole task.



•  The performer is advanced in the autonomous stage of learning, when movement is detailed and precise, and able to cope with the demands of the whole task.



•  The links between sub-routines need to be maintained or the skill needs to be performed in a specific order, such as in a trampoline routine.





Examples of the use of whole practice therefore include a golf swing performed by an experienced player because it is discrete, fast and quick and hard to break down into its parts. The coach would especially use whole practice with an expert since they can cope with the demands of the task and may just need fine tuning!
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