



[image: ]









[image: ]






 


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 sustainable forests. 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) 01235 827720. Fax: (44) 01235 400454. 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: 978-1-471-87485-7
eISBN: 978-1-471-87487-1


© Helen Bray, Scott Chapman, Alister Myatt, Suzanne Bointon, Annette Short, James Martin 2016


First published in 2016 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      2020 2019 2018 2017 2016


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, Saffron House, 6–10 Kirby Street, London EC1N 8TS.


Cover photo © plustwentyseven/Digital Vision/Getty Images


Illustrations by Aptara


Typeset in India





About this book


This book helps you to master the skills and knowledge you need for the Cambridge Technicals Level 3 Sport and Physical Activity qualification.


This resource is endorsed by OCR for use with specification Cambridge Technicals Level 3 Sport and Physical Activity. In order to gain OCR endorsement, this resource has undergone an independent quality check. Any references to assessment and/or assessment preparation are the publisher’s interpretation of the specification requirements and are not endorsed by OCR. OCR recommends that a range of teaching and learning resources are used in preparing learners for assessment. OCR has not paid for the production of this resource, nor does OCR receive any royalties from its sale. For more information about the endorsement process, please visit the OCR website, www.ocr.org.uk.
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ABOUT THIS UNIT


Whether you are a coach, fitness instructor or leisure centre manager, being able to maintain a high level of safety is essential for a successful career. Identifying emergency procedures that may arise and being able to deal with them will give you the skills to deal with such situations.
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Know what to expect when you are studying the unit.
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LEARNING OUTCOMES






	LO1

	Understand performance profiling






	LO2

	Be able to carry out performance profiling






	LO3

	Know methods used to analyse performance






	LO4

	Be able to analyse performance






	LO5

	Be able to give feedback on sports performance
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Prepare for what you are going to cover in the unit.
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How will I be assessed?


All learning outcomes are assessed through an externally set, written examination paper, worth a maximum of 70 marks and 1 hour 30 minutes in duration.


[image: ]





Find out how you can expect to be assessed after studying the unit.


How will I be graded?


You will be graded on the following criteria:


Find out the criteria for achieving Pass, Merit and Distinction grades in internally assessed units.



LO1 Understand the skeletal system in relation to exercise and physical activity


Understand all the requirements of the qualification, with clearly stated learning outcomes and assessment criteria fully mapped to the specification.
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GETTING STARTED


(5 minutes)


The skeleton is a crucial part of how the body moves, grows and develops. It undertakes a number of functions to enable us to exist. Do you know any of the functions of the skeleton? Can you explain how the skeleton enables these functions?
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Try activities to start you off with a new learning outcome.
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INDEPENDENT ACTIVITY
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PAIRS ACTIVITY
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GROUP ACTIVITY
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Carry out tasks that help you to think about a topic in detail and enhance your understanding.
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CLASSROOM DISCUSSION


(15 minutes)


As a class, consider what sports you are each good at. What do you think your percentage of muscle fibre make up is?


Can you think what percentage of muscle fibre types the following athletes might have in their body?





•  marathon runner



•  winger in rugby



•  goal shooter in netball
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Take the opportunity to share your ideas with your group.
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KEY WORDS





Autocratic – Someone who makes all of the decisions with little input from others.



Cohesion – A group or team’s ability to work together.



Democratic – Someone who considers others’ opinions during the decision-making process, or a system that allows for everyone to have a voice
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Understand important terms.
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KNOW IT





1  Define heart rate, stroke volume and cardiac output and list the units used to measure them.



2  Describe what happens to the following as we start to exercise. Why do you think this happens?







    a heart rate


    b stroke volume


    c cardiac output
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Answer quick questions to test your knowledge about the learning outcome you have just covered.


Assessment practice questions





1  What type of bone is the scapula?
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LO1 Assessment activities



Activity 1 P1 P2
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Try the types of questions you may see in your externally assessed exam.
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TOP TIPS





•  The best way to explain this is to consider an example, such as the bicep curl.
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Start preparing for your internally assessed assignments by carrying out activities that are directly linked to Pass, Merit and Distinction criteria. Top Tips give you additional advice.


Read about it


Suggests books and websites for further reading and research.
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Unit 01 Body systems and the effects of physical activity
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ABOUT THIS UNIT


Whether you are aiming to become a coach, nutritionist, personal trainer or leisure centre manager, knowledge of the human body, its systems and how they function will help you to ensure that your clients gain the benefits of an active, healthy lifestyle. By understanding the effects that physical activity, training and lifestyle can have on the body’s systems, you can ensure that sports and activities are properly focused and do not risk a client’s health or wellbeing and will help you to persuade others to pursue and maintain a balanced, active, healthy lifestyle.


In this unit you will gain an understanding of the structures and functions of the key body systems, how these support and impact performance in sport and physical activity and the effects that physical activity, training and lifestyle can have on them.
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LEARNING OUTCOMES






	LO1

	Understand the skeletal system in relation to exercise and physical activity






	LO2

	Understand the muscular system in relation to exercise and physical activity






	LO3

	Understand the cardiovascular system in relation to exercise and physical activity






	LO4

	Understand the respiratory system in relation to exercise and physical activity






	LO5

	Understand the different energy systems in relation to exercise and physical activity
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How will I be assessed?


All learning outcomes are assessed through an externally set, written examination paper, worth a maximum of 70 marks and 1 hour 30 minutes in duration.


Each learning outcome in this unit has been given a percentage weighting. This reflects the size and demand of the content you need to cover and its contribution to the overall understanding of this unit.
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LO1 Understand the skeletal system in relation to exercise and physical activity
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GETTING STARTED


(5 minutes)


The skeleton is a crucial part of how the body moves, grows and develops. It undertakes a number of functions to enable us to exist. Do you know any of the functions of the skeleton? Can you explain how the skeleton enables these functions?
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KEY WORDS





Axial skeleton – The group of bones consisting of the skull, ribs, sternum and vertebrae, including the cervical, thoracic and lumbar regions, sacrum and coccyx. Their function is to protect the organs.



Appendicular skeleton – The bones that make up the arms and the legs, starting at the scapula and clavicle in the arms and pelvis in the hips. Their function is to provide the body with a way to move.



Vertebral column – A series of 26 bones split into five regions that run down the back of the body, providing protection for the spinal cord within its core, while also enabling movement.



Pelvis – Connects the vertebral column to the femur in the leg and is broken into three regions of interconnecting bones. It provides protection for the lower abdomen and reproductive organs, and a strong basis from which we are able to walk.
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1.1 The axial and appendicular skeletons


The structure of the skeleton in the human body is divided into two parts: the axial skeleton and the appendicular skeleton. The axial skeleton contains the bones that make up the central core of the skeleton. The function of the axial skeleton is to protect the organs that lie within it. The appendicular skeleton’s function is the movement of the human body and involves all the bones not included in the axial skeleton.


1.2 Know your bones


Locating the appendicular and axial skeleton is relatively straightforward, but trying to remember all the bones isn’t easy. Breaking them down into body parts makes the task simpler. Many of the names have a Latin origin and can seem difficult to pronounce but with patience and practice it’s easily done. For example, ‘tibia’ is Latin for ‘pipe’, and looking at the main bone in your lower leg it’s easy to see why it is called this.
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PAIRS ACTIVITY


(10 minutes)


Working in pairs and using two different colour sticky notes, identify the axial and appendicular skeletons. How many bones can you label on your partner? See who knows the most before you carry on reading.
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1.3 The functions of the skeleton and how they link to different types of bone


The skeleton has a number of essential functions.





•  Shape: Consider what would you look like without bones. Your bones give you shape, including defining the shape of your face and how tall you are.



•  Support: As well as providing your shape, your skeleton also provides support for your organs, something for them to attach to or suspend from. Consider how the ribs are attached to the lungs, supporting them by keeping them open.



•  Protection: While supporting the organs, the bones also provide essential protection. For example, if the brain wasn’t covered by the cranium, it would be vulnerable. Another example is the vertebral column, which has a channel that allows the spinal cord to pass through it.



•  Movement: As a sport student, often the most important thing for you is how we are able to move to perform in different sports. Bones provide the attachment points for muscles that make the bones move.



•  Blood cell production: As well as being incredibly strong, bones are also lightweight. This is because they aren’t solid. Inside bones is a central core of marrow (a spongy tissue), where red and white blood cells are created.



•  Mineral storage: The bones also provide a place for your body to store calcium and phosphorous, which can be used later in other parts of the body for other functions such as nerve transmission and metabolism.





Types of bones


Bones of the skeleton can also be classified by their shape. They are:





•  Long: Bones that are longer than they are wide, for example, the femur.



•  Short: Bones that are short and almost cubic in shape, for example, the carpal bones.



•  Flat: Bones that are flatter than they are wide, for example, the scapula.



•  Irregular: Bones that do not fit into any other category, for example, the vertebrae.



•  Sesamoid: Similar to a short bone; however, they are within a tendon, for example, the patella.





Refer back to Figure 1.1 to see their shapes.
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GROUP ACTIVITY


(15 minutes)


Working in small groups, put on a sticky note each of the five different categories of bone listed above. On another set of sticky notes, list all of the following bones:


Cranium, sternum, ribs, vertebral column, scapula, clavicle, humerus, radius, ulna, carpals, metacarpals, phalanges, pelvis, femur, patella, tibia, fibula, talus, tarsals, metatarsals.


Using a table or some floor space, place the sticky notes for the different bones under the sticky notes for the category of bone classification where you think they fit. Can you say why you placed them there? You have 15 minutes.
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1.4 Classifications of joints



One of the skeleton’s functions is to enable us to move. Muscles may ‘create’ the movement, but they need something to pull on and pull against. The joints that we most readily recognise, such as the knees, hips and elbows, are described as ‘freely moveable’. However, there are two other types of joints in the body that also have a role to play.





•  Fixed or fused joints are exactly as described. They allow no movement. A fixed joint is important in allowing our skeleton to grow and develop, with an example being your cranium. As a child, your cranium protects your brain but also needs to grow with the rest of your body, reaching 90 per cent of adult growth by age one and 100 per cent by age seven. To achieve this, the bones of the cranium grow and develop to accommodate the brain, fusing fully once full grown.



•  Slightly movable or cartilaginous joints join bones together with cartilage only. These joints allow small movements, usually in a number of different directions. A good example of a cartilaginous joint is the vertebrae of the spine. Each vertebra is able to move slightly against the other; however, as you increase the number of vertebrae the range of movement increases overall.



•  Freely movable or synovial joints allow a much greater range of movement, and these types are further subdivided depending on the kind of movement they are able to achieve.





1.5 Types of synovial joints


Synovial joints are categorised based on their shape or structure. The structure enables each joint to function differently. Joints that are in the same category may have slightly different features to enable them to function.


The joints are:





•  Hinge joints move in one plane, for example, elbows, knees and ankles.



•  Ball and socket joints allow movement in four planes, for example, shoulders and hips.



•  Pivot joints move in one plane. The bones move together as a pin in a groove, for example, the neck and radioulna.



•  Condyloid joints allow movement in three planes, and have the appearance of a shallow pestle and mortar, for example, the wrists.



•  Saddle joints are strong and allow movement in three planes, having the appearance of two saddles put together, for example, the thumbs.



•  Gliding occurs when two relatively flat bones come together. They allow little movement in a number of different ways, for example, the lower vertebrae, carpals and tarsal bones.
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1.6 Structure and function of synovial joints


Although the body contains a range of different synovial joints, each joint shares a common structure and function. Each joint has slight variation in order for it to achieve its intended function, and some joints will share all of the same structural elements but will be arranged in different ways. This gives them different properties.





•  Articular/hyaline cartilage is hard, smooth and bluish-white in colour, covering the end of the bones where they meet. The smooth and glossy consistency enables bones to move against each other without friction.



•  Ligaments hold two ends of bones together, ensuring stability while enabling movement. Very strong and slightly elastic.



•  Synovial membrane is a layer that lines the synovial joint, producing and containing the synovial fluid within it.



•  Synovial fluid is a thick, white fluid that helps to reduce the friction in a joint.



•  Menisci are pads of tissue that lie between the articular cartilage and sit within the synovial fluid. They act as shock absorbers, reducing the impact on the bone ends.



•  Pads of fat also act as friction reducers. In the knee, they fill the space below the patella and the ends of the femur and tibia.



•  Bursae are small sacks filled with fluid. They are located where skin, ligaments or bones could cause friction, for example, between the patella and skin on the front of the knee.



•  Joint capsules are the protective layers around a joint.
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As you can see from Figures 1.3 and 1.4, the knee and hip share the same components as other synovial joints. Where they differ, however, is in how deep the head of the femur sits within the pelvis when compared to the shallowness of the head of the humerus in the scapula.


Stability and flexibility of joints


The relative depth of each joint plays an important part in its stability and flexibility. The deep cup of the hip ensures a highly stable and strong joint; however, as the bone encases more of the head it means that the bone inhibits the maximum range of movement. The very shallow cup of the shoulder is held in place by ligaments more than bone.
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GROUP ACTIVITY


Take a quick survey of your group. How many people have dislocated or know someone who has dislocated their shoulder? Do the same for the hip. The chances are no one has dislocated their hip, but several may have dislocated or know someone who has dislocated their shoulder.
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1.7 Joint movements


The movements that bones enable us to make are given specific names. This means that you can more precisely explain these movements to someone, for example, to a physiotherapist when you are injured.
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1.8 Structure and function of the vertebral column


The vertebral column structure incorporates all three types of joint: fixed (sacrum), cartilaginous (thoracic vertebrae) and synovial (pivot and gliding). Its role in movement is very important to the way we walk and interact with our environment.


1.9 The impact of physical activity, training and lifestyle on the skeletal system


Just as our muscles and cardio-respiratory systems are affected by physical activity and our lifestyle choices, so are our bones.


Short-term effects of exercise on the skeletal system


The short-term effects of exercise on the skeletal system include the increased production of synovial fluid within joints. This reduces the impact of exercise on the joint and helps to increase the range of movement (‘rom’). This is the reason why we participate in a warm-up prior to exercise. It is particularly important if participants are to be involved in high-impact activities.


High-impact physical activity can increase the risk of injury to joints and bones, particularly if the body is not sufficiently trained in the first place and not used to the demands being placed on it.


Long-term effects of exercise on the skeletal system


In the long term, physical activity can improve your bone density, increasing the strength of ligaments of the joints associated with them. Increased bone density can help to reduce the risk of osteoporosis.


Long-term, repetitive physical activity can cause stress fractures in bones. Some activities such as lifting weights that are too heavy may cause issues with lower back pain.


How does a warm-up and cool-down help?


Warm-ups before exercise sessions reduce the impact of exercise on the joint and help to increase the range of movement. They are particularly important if participants are to be involved in high-impact activities. For more information on the benefits of warm-ups and cool-downs when exercising, please see Unit 2, Sports coaching and activity leadership, LO6, Be able to deliver sports and activity sessions.
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KNOW IT


Look at the diagrams of the hinge and ball and socket joints below.




[image: ]




Although they are the same types of joint, the structure varies slightly.





1  Can you say how they are different?



2  Can you indicate why they are different?



3  Compare the hip and shoulder joints. Does one sit deeper inside the socket than the other? How does this affect the stability and mobility of the joint?



4  Compare the elbow and knee joints. The surface area of the knee is greater than the elbow. Why do you think this is the case?



5  Look at the depth of socket on the hip compared to the shoulder. You can see that the hip is much deeper. This provides a much more stable, stronger joint that is more resistant to dislocation. However, the compromise is reduced mobility in the hip compared to the shoulder.



6  What shoulder joint structures do you think help stop it dislocating?



7  Referring back to Table 1.1, complete the following table. Could you complete similar tables for a squat or arm curl?
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LO2 Understand the muscular system in relation to exercise and physical activity
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KEY WORD





Movement analysis – A sporting action is broken down into phases, for example, in a press-up the upward and downward phases. From this, areas are identified such as the bones and joints involved in the movement, the muscles used, the role they have and what type of contraction is happening during that phase.
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2.1 Main muscles acting at synovial joints


Having looked at the structure and function of the skeletal system, we can see that nothing can happen unless the muscular system propels and moves it along. Muscles act across joints; therefore the best way to describe which muscles work where is to use joints as a reference point.


In the table below, each joint has been broken down into the muscles that work on it and the movements they are able to achieve. In some cases the muscle is able to perform two or more movements. This is because it is assisted or inhibited by other muscles to work in a particular way.


You can now use the information in this table to help you do a movement analysis.
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PAIRS ACTIVITY


(15 minutes)


Now you know what the movements are think about which muscles create the movement. In pairs, complete the table below for a pull up. Could you add to and complete similar tables for a squat or arm curl? You have 15 minutes to complete it.
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2.2 and 2.3 Types of muscle function and contraction
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KEY WORDS





Agonist – This term describes the muscle or muscles responsible for the movement. For example, when the knee flexes, the biceps femoris on the posterior side of the femur contracts.



Antagonist – This term describes the muscle or muscles that relax in response to the active muscle. For example, when the knee flexes, the rectus femoris on the superior side of the femur is relaxed and this allows the knee to go into flexion.



Fixator – This term describes the muscle or muscles that help to stabilise a joint or joints. For example, while the biceps and rectus femoris are acting as agonists and antagonists the abdominal, oblique and spinae muscles act as fixators holding the body still while it works.
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Muscles in the body are able to work in two ways only: they can contract or relax. There are specific terms that we use to describe how muscles contract.


Muscles work in combination with other muscles, so when movement occurs they have their function described by using the terms agonist, antagonist and fixator.
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TOP TIPS





•  The best way to explain this is to consider an example, such as the bicep curl.
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The bicep curl


Imagine the first stage of a bicep curl when the dumb bell has been lowered:





•  The agonist during the lowering phase is the bicep brachii.



•  During this phase of movement, the muscle is getting longer even though it is contracting. This is known as an eccentric contraction.



•  The opposing muscle that is relaxed is the triceps brachii.



•  In the next stage of the bicep curl, when the dumb bell is being lifted, the same muscle (biceps brachii) is responsible for this.



•  The muscle is shortening as it is contracting, therefore it is a concentric contraction.



•  The triceps brachii is relaxed and remains antagonist.



•  Throughout the exercise the shoulder remains still. The deltoid is therefore acting as a fixator as it is holding the humerus in position.
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INDEPENDENT ACTIVITY


Combining movements, contraction type and function


Using the table below, pull together all the things that you have learned to create a movement analysis for the press-up shown in Figure 1.9. A movement analysis is a way of expressing the body’s position whilst it is participating in physical activity. These can be simple ones such as the press-up below or more complex ones such as a gymnastic vaulting. Use Table.
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2.4 and 2.5 Structure and function of muscle fibre types and the impact fibre types have on performance
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KEY WORDS





Hypertrophy – An increase in the size of a muscle.



Hyperplasia – The muscle fibres split to increase their number.



Contraction time – The speed at which the muscle fibre types contract.



Motor neuron – The number of muscle fibres attached to a single nerve. The more fibres, the greater the contraction.



Resistance to fatigue – How quickly the fibres get tired.



Force production – How hard the fibres contract, often related to motor neuron size.



Mitochondria – Often considered the ‘powerhouse’ of the body. Mitochondria provide energy to muscle fibres using oxygen.



Capillary density – Provide the opportunity for oxygen to diffuse into muscles. Increased capillary density provides more oxygen to the muscles.



Oxidative capacity – Indicates the muscles’ capacity to use oxygen when working and is linked to the number of capillaries and mitochondria available.



Glycolytic capacity – Indicates the body’s capacity to use glycogen when working. When working in this way, the muscle is able to contract without oxygen being available.



Major fuel – The fuel source the muscle fibre prefers to use. Triglycerides require lots of oxygen to be used as an energy source. Glycogen and creatine phosphate (CP) can be used as an energy source without oxygen being present.
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Have you ever considered why some athletes are better at short distances and others long distances? Much of this is down to the different muscle fibre types our muscles are made up of. There are three muscle fibre types, each with a different function. Your body is made up of a combination of all three types. What we are born with is given to us by our parents and the genes we share with them. We therefore may have a predisposition to be more suited to certain activities. However, we can train and improve any of our muscles.


In fact some research has indicated that not only can our muscles get bigger and stronger (hypertrophy) but that we can also increase the number of muscle fibres (hyperplasia).


There are two main types of muscle fibres: slow twitch (SO) fibres (type I) and fast twitch fibres (type II). Fast twitch fibres are further broken down into fast oxidative glycolytic (FOG) fibres (type IIa) and fast twitch glycolytic (FG) fibres (type IIb). The names of the fibre types help to distinguish what type of activity they are best suited to. Slow twitch refers to the contractile speed of the fibres that use aerobic energy to power their movement. Fast twitch glycolytic fibres use glycogen as their primary energy sources, working without oxygen. Fast oxidative glycolytic fibres (FOG) combine the structural properties of fast glycolytic fibres and slow oxidative fibres. However, they don’t contract as quickly as fast glycolytic fibres or have as much endurance as slow twitch fibres.


Muscle fibre types and physical activity


The way that our muscles are made up of different fibre types (see Table 1.4) has a direct impact on the types of activity we can be good at. If we consider an athlete such as Usain Bolt, he is able to perform very quick contractions over a short period of time. He is likely to have muscles that are made of large amounts of fast twitch glycolytic (type IIb) fibres. A centre court netball player may have a more balanced percentage of fibres. It is important to remember that whatever mix of muscle fibres we are born with we are still able to train these to adapt either in size (hypertrophy) or quantity (hyperplasia).
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CLASSROOM DISCUSSION


(15 minutes)


As a class, consider what sports you are each good at. What do you think your percentage of muscle fibre make up is?


Can you think what percentage of muscle fibre types the following athletes might have in their body?





•  marathon runner



•  winger in rugby



•  goal shooter in netball.
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2.6 The impact of physical activity, training and lifestyle on the muscular system


Physical activity, training and lifestyle factors can impact on the muscular system in both the short and the long term, in both positive and negative ways.


The short-term impacts of physical activity on the muscular system


The positive effects of physical activity on your muscles are:





•  Increased blood flow to your muscles. At rest, blood flow to muscles is approximately 5 per cent of the total available. However, during exercise this can rise to up to 90 per cent of the blood flow available. Increased blood flow increases the oxygen and energy available to your muscles.



•  Muscles are very inefficient and much of the energy we use to contract them is lost as heat. However, the increase in muscle temperature (between one and two degrees) enables your muscles to be more flexible and apply a greater force over a longer joint range.



•  Physical activity in the short term can increase your alertness as hormones are released. These hormones can also help you to feel more relaxed after the activity.
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The negative effects of physical activity on your muscles can be:





•  Increased chance of muscle soreness after participating in physical activity. However, repeated bouts of physical activity reduce this effect.



•  High-intensity physical activity can leave you fatigued and affect other sessions if not appropriately moderated.



•  Energy stores and myoglobin levels within the muscle can become depleted.





Warm-ups and cool-downs


The use of a warm-up and a cool-down is intended to accentuate the positive and reduce the negative impacts of physical activity.


A warm-up increases the blood flow to muscles, improving oxygen, glycogen and triglyceride levels without depleting the muscle. Low-intensity exercise also increases the temperature of the muscles combined with passive and dynamic stretching reduces the risk of injury in the muscles.


A cool-down maintains blood flow to the muscles after physical activity and provides the muscles with an opportunity to replenish levels of glycogen and creatine phosphate (see LO5, Understand the different energy systems in relation to exercise and physical activity) and refresh the levels of oxygen stored within the myoglobin.


The long-term impacts of physical activity on the muscular system


The effect of repeated physical activity over a period of time is usually positive. Muscles and human bodies are lazy and they adapt to the stress that is placed on them. Exercise on a regular basis, and the muscles adapt to cope with the stress placed on them. Stop, and the benefits are lost over time.


Positive muscular adaptations to physical activity are:





•  Increased thickness of each muscle fibre (hypertrophy), improving strength and contractile speed.



•  Increased number of muscle fibres (fibre hyperplasia), increased strength of contraction and potentially increased neuron size.



•  Increased availability of the fuel source required (CP, glycogen, triglycerides).



•  Slow twitch and FOG fibres develop bigger and more efficient capillary beds, increasing mitochondrial density.





There are some possible negative effects of physical activity on the muscles, including:





•  Repeated bouts of physical activity without suitable rest periods can cause overuse injuries in muscles.



•  Possible injuries such as fasciitis (inflammation of the sheath around a muscle) can occur, particularly in the tibialis anterior muscle.
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KNOW IT


During a warm-up, there is increased blood flow to the muscles.





1  What does the increased blood flow bring to the muscles?



2  How does this prepare the muscles for physical activity?



3  A warm-up also increases the temperature of the muscles. How does this benefit the participant during physical activity?



4  What happens to the muscles during a cool-down?



5  How does this help a participant after being physically active?



6  What changes occur to muscles after being involved in regular physical activity?



7  What possible negative effects are there to physical activity? Can you suggest ways in which they can be reduced?
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LO3 Understand the cardiovascular system in relation to exercise and physical activity
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KEY WORDS





Atrium – The receiving chamber of the heart taking in blood from either the body or lungs.



Ventricle – The pumping chamber of the heart; blood is ejected from here to either the body or lungs.



Valves – Valves are located between atria and ventricles, and ventricles and arteries, to prevent backflow.



Stroke volume (SV) – The volume of blood pumped out of the heart in one contraction.



Heart rate (HR) – Number of times the heart beats per minute (bpm).



Cardiac output (CO or Q) – Volume of blood pumped out of heart per minute, calculated using the formula CO = SV x HR (where CO = cardiac output, SV = stroke volume and HR = heart rate).
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The heart, arteries, veins and the blood that flows through them make up the cardiovascular system. This system works to support the bones, muscles and other vital organs to carry out their functions.


3.1 The structures of the heart and their roles


The heart is a muscle with a specialised role, specifically, to pump blood around the body to all of the organs and muscles that require it.


The heart is split up into four quarters. Left and right are labelled as if you were looking down at your own heart. The smaller top chambers are called atriums and the bigger chambers at the bottom are called ventricles. The heart is effectively two pumps joined in the middle. The left-hand pump is concerned with pumping oxygenated blood from the lungs to the body. The right-hand pump is concerned with pumping deoxygenated blood from the body to the lungs.


The vessels that carry blood away from the heart are called arteries and vessels that carry blood towards the heart are called veins. The valves in the heart prevent blood from flowing backwards. The arteries that carry blood away from the heart are the aorta (heart to the body) and the pulmonary artery (heart to the veins). The veins that bring blood back to your heart are called the pulmonary veins (lungs to the heart) and vena cava (body to the heart). The colour of each side represents whether the blood is oxygenated (red) or deoxygenated (blue). The easiest way to see this is as two loops flowing through and around the heart, as in Figure 1.10.
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PAIRS ACTIVITY


Working with a partner, describe the journey of a blood cell from the point where it enters into the right atrium, around the heart, lungs and body until it re-enters the right atrium. Take it in turns to have a go. Make sure you include all the vessels connected to the heart the blood cell might pass through.
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3.2 Stroke volume, heart rate and cardiac output


The heart is a crucial and central organ keeping us alive. It is key for the effective circulation of blood around the body and enables the lungs to pick up oxygen – both of these functions are key to our survival and the capacity to be involved in physical activity.


Every time the heart contracts, blood is ejected from the ventricles. The blood that is ejected from the left ventricle in each beat is described as stroke volume (SV). A typical stroke volume for an adult is 70 ml; however, it can range between 50 ml and 100 ml. This is dependent mainly on the size of the person. Exercise also plays a large part in this. As the heart is a muscle, it can adapt with regular exercise in two ways: first, the ventricle can grow in size; second, it can contract with a greater force and eject more blood per contraction.


Heart rate is the amount of time your heart beats per minute (bpm). A typical heart rate is between 60 and 80 bpm. If we now combine the stroke volume and heart rate we are able to establish how much blood is pumped out of the heart per minute – otherwise known as the cardiac output (CO or Q). This is measured in litres per minute (l/min or lmin-1). A typical resting value for adult cardiac output is 5 l/min.


Calculating stroke volume


This is the formula for calculating stroke volume:
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Let’s work out our own stroke volume using Mo Farah as a worked example to help you. To calculate stroke volume, we first need to make an assumption. Resting cardiac output is typically 5 l/min (5000 ml/min) – this would be the same for Mo Farah. Now measure your resting heart rate. Do this by finding your pulse and counting the number of times it beats in 15 seconds and then multiplying it by 4. Mo Farah’s resting heart rate is around 33 bpm.


This can now be adjusted by working out your SV. (It’s easier if you convert to ml/min first.)


Use the following formula:
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Using our example, we can now estimate Mo Farah’s resting SV at 5000/33 = 152 ml, which is considerably greater than the average.


Calculate your own SV now using the same formula:
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Having estimated Mo Farah’s stroke volume, we can now estimate his maximum cardiac output. We can do this by going back to our first formula, CO = SV × HR.


First, estimate his maximum heart rate. We do this by deducting age from an absolute maximum of 220 HR (Max HR = 220). Mo Farah is currently 32 therefore his Max HR is 220–32 = 188.


We can now multiply this by his SV to give a maximum CO.
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This is almost six times his resting level.
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INDEPENDENT ACTIVITY


Calculate your own Max CO. How does it compare to your resting CO? How do you compare to Mo Farah?
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Using graphs to show cardiac output, stroke volume and heart rate


Stroke volume, heart rate and cardiac output all vary depending on the intensity of the exercise. The three components can be shown using a graph.
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As you start to perform physical activity, your heart rate increases. As heart rate and cardiac output are linked, this means that as your heart rate increases, so does your cardiac output. They will both increase at the same rate. Increased heart rate also increases the return of the blood back to the heart (venous return). This returning blood fills the ventricles more quickly and stretches them. As the heart muscle is quite stretchy and acts much like an elastic band, the more that it is stretched the greater the recoil. This means the greater the venous return the greater the stroke volume. The increase in stroke volume is limited; however, it can increase permanently over time.


With repeated physical activity, the heart gets used to an increased venous return and as a consequence the left ventricle increases in size, increasing both resting and exercising stroke volume. This is why more physically active individuals tend to have lower resting heart rates.
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RESEARCH ACTIVITY


(20 minutes)


Using the graph in Figure 1.11 as a template, draw a graph that shows the changes over time in stroke volume, heart rate and cardiac output of Mo Farah. How does yours compare?


[image: ]





3.3 Structure of blood vessels
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KEY WORDS





Arteries – Large vessels that carry blood away from the heart. They have thick muscular walls.



Arterioles – Vessels that connect arteries to capillaries; they are smaller versions of arteries, with muscular walls.



Capillaries – Vessels that are one cell thick, which enables nutrients and gases to pass through them.



Venules – Venules connect capillaries to veins; they are smaller versions of veins, without valves.



Veins – Vessels with a large lumen, with valves inside to prevent the backflow of blood.



Tunica – The general Latin term for layer or sheath.



Adventia/Externa – The outside layer of an artery or vein.



Media – The middle layer of an artery or vein.



Intima – The inside layer of an artery or vein; the only layer of a capillary.



Lumen – The space in the inside of an artery, vein or capillary, through which the blood passes.
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The vessels that carry blood around the body are made up of the same components; however, their structure varies according to their function. Arteries and veins are made up of three layers: tunica adventitia/externa, tunica media and tunica intima with a central lumen. Capillaries lie between arteries and veins. They are one cell thick and enable O2, CO2 and nutrients to pass into the muscles and cells.


Arteries have a thicker tunica media than veins, containing smooth muscle. The muscle is able to change the lumen of the arteries. This means that our blood pressure can be adjusted. Arteries also have much more elastin in them, which means that they are able to stretch and recoil as the blood is forced out of the heart and down the arteries.


Arterioles provide the link between arteries and capillaries. They are smaller in diameter than arteries, but are still able to adjust their diameter, controlling the flow of blood into the capillary. At the end of the arteriole, just before it becomes the capillary, is a ring of muscle surrounding the arteriole. This is called a pre-capillary sphincter (PCS). The PCS is able to contract and divert blood away from the capillary.


Capillaries are the thinnest vessels, only one cell thick. It is here that oxygen, carbon dioxide and nutrients are passed from the blood into the tissue/muscle. Blood pressure in capillary vessels is much lower so that diffusion can occur.


Venules are the venous (vein-line) version of an arteriole. They collect the blood, drawing it together before emptying into the veins. Pressure in the venules and veins is much lower than in arteries. Pressure in the venules relies on the flow of blood to keep it moving.


Veins return the blood back to the heart, where the process can start again. Structurally, the veins have much smaller tunica mediae than arteries, with little smooth muscle. The tunica adventitia is the thickest layer, and veins have a larger lumen to allow increased blood volume. The tunica intima is also especially adapted to incorporate pocket valves. These improve the flow of blood back to the heart. The return of blood back to the heart is called venous return. Remember that the blood pressure in veins is much lower than arteries and the body has developed ways to improve the flow back.


Pocket valves are formed from the tunica intima, and they only allow blood to flow back towards the heart. As the blood moves through the veins, the valve opens. As the flow starts to slow or stop, the valve closes until the flow increases again.


Vein placement


To help keep the blood moving, the veins are often located within muscles or between muscle and bones. The advantage to this is that as the muscles contract they also squeeze the veins. Combined with the pocket valves, this is an effective way to return venous blood back to the heart.


Respiratory pump


The simple action of breathing also helps to increase the flow of blood back to the heart. The pump works as we breathe. Breathing in causes the pressure inside your thoracic cavity to decrease (air rushes in) and it also causes the pressure inside the abdominal cavity to increase as the diaphragm contracts. The difference in pressure between the veins in the thoracic and abdominal cavity moves the blood into the thoracic area and back towards the heart.


3.4 Components and functions of blood
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Oxygen (O2) – A key element in the aerobic production of energy.



Carbon dioxide (CO2) – The by-product of aerobic energy production.



Haemoglobin (Hb) – The part of blood that carries oxygen.



Oxyhaemoglobin (HbO2) – The name given to haemoglobin when carrying oxygen.



White blood cells – The cells in the blood responsible for protecting you from infection and disease.



Platelets – The cells that stop you from bleeding should you cut yourself.



Plasma – The fluid that enables all the other cells to move around the body.
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The blood in our body has a number of different roles and is crucial in our day-to-day life.


One of the roles of the blood is to transport oxygen and carbon dioxide using red blood cells (haemoglobin). The oxygen attaches to the haemoglobin to form oxyhaemoglobin. The blood also carries a ‘floating army’ in the form of white blood cells. These circulate around your body looking for foreign bodies to attack and destroy.


Platelets are also an essential component of blood. Their job is to stop you from bleeding. Most of the time they circulate around the body with nothing to do. However, if there is ever any damage they swarm to the area to minimise the amount you bleed.


The final component of our blood is plasma. This fluid (about 50 per cent of blood volume) enables all of your cells to flow around your body quickly and effectively. Plasma is also able to carry carbon dioxide, protein, glycogen and triglycerides.


3.5 Vascular shunt mechanism and the role of arterioles and pre-capillary sphincters


The distribution of blood around the body is a fine balancing act for the heart. It requires sending just enough oxygen and nutrients to the areas that need it most and increasing the heart rate when demand outstrips supply. However, the body also has another way of making the most of what is available and ensuring that blood is sent to the areas that need it most. The redistribution of blood when exercising is called the vascular shunt mechanism (VSM). The VSM makes sure that the muscles, heart, lungs and brain have sufficient blood and oxygen to enable you to participate in exercise.


Blood distribution at rest is fairly evenly distributed. However, as you start to undertake physical activity not only does the carbon dioxide (CO2) level increase, but how the blood is distributed is also altered. The body achieves this by activating the arterioles and pre-capillary sphincters to either increase or reduce blood flow depending on the area being served.


The muscles are the main beneficiary of the vascular shunt. However, it should also be noted that although the muscles get most of the blood, its increased volume can be accounted for mostly by the increase cardiac output. The brain’s blood flow remains unchanged and the heart and skin have increased flow in order to maintain blood flow and keep you cool. It is only really the kidneys, liver and bone marrow that have a reduced flow as they are non-essential during exercise.


3.6 The impact of physical activity, training and lifestyle on the cardiovascular system


Physical activity, training and lifestyle impact the cardiovascular system in both the short term and long term.


Short-term effects of physical activity on the cardiovascular system


Participating in physical activity affects the cardiovascular system in the short term by increasing the heart rate, stroke volume and cardiac output. The increase in cardiac output is related to the increases in stroke volume and heart rate. The increase is linked to the intensity of the exercise: the harder we work, the greater the rise. However, the intensity and duration by which a performer is able to perform is related to their fitness.



Long-term effects of physical activity on the cardiovascular system


Repeated bouts of physical activity that stress the cardiovascular system force it adapt to these changes. The long-term effect of physical activity on the cardiovascular system is to increase the resting and exercising stroke volume of the left ventricle. This means that the resting heart rate is reduced (resting cardiac output remains the same) and the maximal cardiac output is increased (as the heart chambers increase in size, maximum heart rate remains constant).


How a warm-up helps the cardiovascular system


To help prepare the cardiovascular system for activity, start with a warm-up.


A warm-up helps the cardiovascular system by increasing the heart rate, which increases venous return, then increases stroke volume. This results in increased cardiac output, and the respiratory and muscle pumps are activated.
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KNOW IT





1  Define heart rate, stroke volume and cardiac output and list the units used to measure them.



2  Describe what happens to the following as we start to exercise. Why do you think this happens?







    a  heart rate


    b  stroke volume


    c  cardiac output








3  Can you draw a graph to demonstrate the changes? How does the intensity of the impact of the exercise affect the above?



4  Consider the average values of heart rate, cardiac output and stroke volume for an 18-year-old compared to an elite performer such as Mo Farah. Describe the differences and why you expect an elite athlete to have a lower resting HR and increased SV.
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LO4 Understand the respiratory system in relation to exercise and physical activity



4.1 The structures of the lungs and their roles
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KEY WORDS





Nasal cavity – Also known as the ‘nose’, this is the entry point for air. Up to 70 per cent of the air that you ventilate at rest enters this way. The mucous membrane and hair in your nose warms, filters and moistens the air to prepare it for entry into the lungs.



Pharynx – This structure lies at the back of the throat and is the point where your mouth, nasal cavity and throat join together. It helps to warm and moisten air and also plays a part in your ability to speak.



Epiglottis – This cartilaginous structure forms a flap at the back of your throat. Its role is to cover the oesophagus when you are breathing so that air doesn’t enter the stomach, but more importantly protect and cover the trachea when you eat so that food cannot enter your lungs and choke you.



Larynx – Also known as the ‘voice box’, this is where speech is created. The air moves over the vocal cords in the larynx where they are moved and adjusted by muscles to create sounds and words.



Trachea – This is a tube that connects the pharynx and larynx to the lungs. The trachea contains a series of C-shaped cartilage that runs down the front of the trachea. This keeps the trachea open. Fibrous tissue completes the trachea.



Bronchi – Bronchi branch out from the left and right of the trachea and lead into the lungs, and are similar in structure to the trachea.



Bronchioles – These branch off from the bronchi into the lobes of the lung. They become increasingly smaller until they end in an alveoli duct, which has 5–6 alveoli at the end of it.



Alveoli – Alveoli are small, grape-like structures in the lungs and are covered in a fine mesh of capillaries. This is where diffusion takes place. There are approximately seven hundred million alveoli in the lungs, providing a constant supply of oxygen to the body and removing carbon dioxide.



Sternocleidomastoid – This is the muscle that pulls the collar bone higher to increase the size of the thoracic cavity.



Pectoralis major – This is the muscle that helps to reduce the size of the thoracic cavity by squeezing ribs in.
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The respiratory system is crucial to our participating in physical activity. It is one of the few places in our body where the outside world meets our inner body. Figures 1.12 and 1.13 show the major structures of the respiratory system.
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When you breathe, air enters your body through your mouth and nasal cavity, passes through your pharynx, past your epiglottis, and down your trachea. The trachea branches into two bronchi (left and right); each bronchus breaks down further into smaller bronchioles, much like a tree’s roots branching out. At the end of each bronchiole lies a group of alveoli. The internal surface area of your lungs is equal to that of half a tennis court. The alveoli is the place where the oxygen diffuses into the blood and carbon dioxide back into the lungs.


4.2 and 4.3 The mechanics of breathing and the respiratory muscles used during exercise


The lungs are essentially a mass of stretchy tissue attached to the inside of the ribcage. The attachment to the ribcage helps to keep the lungs inflated. They are never fully empty of air. The mechanism of breathing is driven by the muscles on the outside of the lungs.


The mechanics of breathing at rest


In order to inspire (breathe in), the external intercostal muscles of the ribs have to contract, as does the diaphragm in the abdomen. This contraction increases the volume of the lungs by stretching them, which in turn reduces the pressure of the air inside the lungs. Since the pressure of the air outside the body is higher, it rushes in through the mouth and nose to fill the lungs until the pressure is equalised.


In order to expire at rest the intercostal muscles and diaphragm must relax. As the lungs are no longer being stretched they return to their original size. This in turn increases the pressure of the air inside the lungs compared to outside and the air is forced out.


The mechanics of breathing during physical activity


During physical activity, the process of inspiration is exactly the same, although this time there are some additional muscles helping to increase the volume of the lungs. The muscles that assist with inspiration during exercise are the sternocleidomastoid, scalene and pectoralis major, which help to pull the clavicle upwards and outwards. The clavicle is the bone that the internal intercostals pull against.


The process of expiration (breathing out) during physical activity is much more involved. Rather than passively relaxing, the ribcage is forced downwards and inwards by the internal intercostal muscles, and the rectus abdominus muscle helps to force the diaphragm upwards. Both of these actions greatly reduce the volume of the lungs, increasing the pressure inside them and consequently forcing air out quicker.


4.4 Gaseous exchange at the alveoli


The exchange of oxygen (O2) and carbon dioxide (CO2) inside the lungs is described as external respiration because the gases are exchanged within the atmosphere. The air that we breathe in is made up of 21 per cent oxygen, 78 per cent nitrogen and 0.04 per cent carbon dioxide. The rest is made up of other gases and pollution. Inside the lungs, the relative percentage of oxygen is 16 per cent, carbon dioxide is 4 per cent; the percentage of nitrogen remains unchanged.


If you consider what is happening inside the lungs, the relative partial pressure of oxygen inside the lungs is high, while in the capillaries it is low. This means that oxygen moves into the bloodstream from the air. Carbon dioxide moves from the capillary bed into the lungs as the relative difference in pressure is high.


4.5 Tidal volume, breathing frequency and minute ventilation
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KEY WORDS





Tidal volume (TV) – The volume of air inspired or expired per breath – approximately 500 ml during breathing at rest.



Frequency (f) – Also known as the ‘rate’, the number of breaths taken in one minute – you take approximately 12 to 15 breaths when you breathe at rest.



Minute ventilation (VE) – The volume of air inspired or expired in one minute. VE can be calculated by multiplying the tidal volume with the frequency of breaths in one minute.





The link between TV, f and VE is shown by the following equation:
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Definitions and values that relate to lung volumes have typical values for an average person.


Lung volume changes during exercise


As in the heart, respiration in the lungs increases in line with exercise intensity in order to supply the increased oxygen demands of your working muscles. Table 1.5 summarises these changes. Both frequency (rate) (f) and depth (TV) of breathing increase, which in turn increases VE from resting values of 6 l/min up to maximal values of 160 to 180 l/min in trained aerobic athletes.


TV and f increase at lower intensities of workload to increase VE but during maximal work it is an additional increase in the rate of breathing that increases VE further. It is not efficient to increase TV towards maximal values due to time/effort it takes – try running while taking a maximal inspiration and expiration and see why this is not feasible.
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KEY WORDS





Inspiratory reserve volume (IRV) – The volume of air available that could be inspired after tidal volume.



Expiratory reserve volume (ERV) – The volume of air available that could be expired after tidal volume.



Residual volume (RV) – The volume of air that is left in the lungs after total forced expiration.



Vital capacity (VC) – The total volume of air that can be inspired and expired.



Total lung capacity (TLC) – The total volume of lungs at maximum inflation, calculated using the formula TLC = RV + VC (where TLC = total lung capacity, RV = residual volume and VC = vital capacity).
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4.6 The impact of physical activity, training and lifestyle on the respiratory system


Physical activity, training and lifestyle have a number of short- and long-term impacts on your respiratory system.


The short-term effects of exercise on the respiratory system


The effect of exercise on the respiratory system in the short term is to increase the volume of air inspired in one breath and to increase the frequency of breaths in one minute. This is in response to and in coordination with the cardiovascular system. The respiratory system differs only in one respect that we can have some conscious control over it, something that swimmers and sprinters exploit to the full.


The long-term effects of exercise on the respiratory system


The long-term effect of physical activity on the respiratory system is to increase the number and diameter of the capillaries around the alveoli. As muscles power respiration, they respond in the same way as skeletal muscles. The diaphragm and intercostal muscles grow stronger, enabling them to lift the ribcage higher allowing more air into the lungs. They are also able to contract with a greater force increasing the pressure differences.




[image: ]


KNOW IT





1  Define and give the typical values for the following lung volumes:







    a  tidal volume


    b  minute ventilation


    c  total lung capacity.








2  Describe what happens to the following as we start to exercise. Why do you think this happens?







    a  tidal volume


    b  frequency


    c  minute ventilation.
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LO5 Understand the different energy systems in relation to exercise and physical activity
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Adenosine tri-phosphate (ATP) – The only compound cells can take energy from.



Adenosine di-phosphate (ADP) – The compound after ATP releases its energy.



Phosphocreatine (PC) – A compound used to resynthesise ATP.



Energy – Used to power all cells in the body.



Exothermic – A reaction that gives off heat/energy.



Endothermic – A reaction that requires heat/energy.
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5.1 The three energy systems


Energy is essential to our body, and is provided by the food we eat. However, our cells run on one particular energy source only: ATP (adenosine tri-phosphate). Whatever we eat needs to be converted into ATP before it can be used. ATP has three parts to it: one part is adenosine molecule and three parts are phosphate molecules. The energy is stored in the bonds that connect the adenosine to the phosphate molecules. To release this energy (to perform movement), an enzyme (ATPase) is released in an exothermic reaction. This leaves ADP (adenosine di-phosphate) and a phosphate alongside energy. This is explained in this formula:
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The storage of ATP is limited and only lasts for two seconds. Because the body can only use ATP as an energy source, the ADP must be resynthesised back into ATP. It does this by providing energy in an endothermic reaction from a combination of three energy systems: the ATP-PC system, lactic acid system and aerobic system. This is shown in this formula:
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ATP-PC system


In the ATP-PC system, creatine phosphate (CP) stored in the sarcoplasm of the muscles is affected by the enzyme creatine kinase. The rate of breakdown of creatine phosphate (exothermic reaction) into creatine and phosphate is increased, releasing the energy stored in the bond. This energy is then used to resynthesise ADP back into ATP (endothermic reaction). One molecule of CP resynthesises one molecule of ATP. The formula is:
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This way of providing energy has a number of advantages:





•  no fatiguing by-products



•  energy is stored in the muscle



•  energy is provided immediately



•  it does not need oxygen to provide energy



•  fewer reactions are involved.





There are also some disadvantages to this system:





•  it only lasts ten seconds



•  the ratio of resynthesis is 1:1



•  there are limited stores of CP that cannot be greatly increased



•  the ATP-PC system is highly effective in the use of short, high-intensity exercises and sports such as 100 m, a hockey penalty or a gymnastic vault.





Lactic acid system


Because the ATP-PC system starts to decline if the intensity is high enough, the lactic acid system takes over and becomes the predominant energy system. The lactic acid system starts with anaerobic glycolysis and is located within the sarcoplasm of the muscle.
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Lactic acid – The by-product of the energy system that inhibits muscular contraction.



Glycogen – One of the ways in which glucose is stored chemically in the body.



Glucose – A simple sugar that is used to produce energy for the body.



Pyruvic acid – The by-product of glycolysis.



Sarcoplasm – Fluid around the muscle fibre where some reactions take place.



Glycolysis – The process by which glycogen is converted into energy.



Glycogen phosphorylase (GPP) – The enzyme that increases the breakdown of glycogen.



Phosphofructokinase (PFK) – The enzyme that increases the breakdown of glucose.



Lactate dehydrogenase (LDH) – The enzyme that converts pyruvic acid into lactic acid.
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Glycogen stored in the muscle and liver is broken down into glucose by the enzyme GPP (glycogen phosphorylase). This in turn is broken down by the enzyme PFK (phosphofructokinase) into pyruvic acid. In doing this, enough energy is released to resynthesise 2 ATP. As the physical activity is still at a high intensity, there is insufficient oxygen available. As a consequence, the pyruvic acid is converted into lactic acid by the enzyme LDH (lactate dehydrogenase). This is then stored in the muscle or transported in the blood to another part of the body where it is converted back into pyruvic acid. The build-up of lactic acid in the muscle lowers the pH level in the muscles, and this in turn inhibits the body’s capacity to produce energy and performance declines.


The advantages of the lactic acid system are:





•  it has a fast speed of reaction for fast work



•  it does not require oxygen



•  there are few chemical reactions



•  it provides more ATP than the lactic energy system (2 ATP for every one glycogen molecule).





The disadvantages of the lactic acid system are:





•  it lasts between 30 seconds and three minutes dependent on intensity



•  the by-product lactic acid is fatiguing to muscles.






Aerobic system
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Mitochondria – Often considered the ‘powerhouse’ of the body. Mitochondria provide energy to muscle fibres using oxygen.



Matrix – The fluid inside the mitochondria where the citric acid cycle takes place.



Cristae – The folds inside the mitochondria where the electron transport chain is located.



Citric acid cycle – The first stage of aerobic energy production.



Electron transport chain (ETC) – The second stage of aerobic energy production takes place.



Nicotinamide adenine dinucleotide (NAD) – A compound that carries hydrogen into the ETC.



Triglycerides – The common name given to all fats when used in energy production.



Palmitic acid – A fat molecule that can be used in aerobic energy production.
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If the intensity of the exercise is moderate to low, the aerobic energy system predominates. The initial processes of the aerobic system are exactly the same as in the lactic acid system. However, as there is sufficient oxygen, the pyruvic acid moves from the sarcoplasm into the matrix of the mitochondria. The mitochondria are the ‘powerhouse’ cells of your body – they are the only way your body can produce energy using oxygen.


Pyruvic acid is converted into acetyl co-enzyme. This contains two carbon compounds within it. By doing this, the NAD (nicotinamide adenine dinucleotide) picks up a hydrogen atom to make NADH; CO2 is also released. The NADH is transported to the cristae of the mitochondria to release energy in the ETC (electron transport chain). The two-carbon compound combines with oxyalocetic acid (a four-carbon compound) to make citric acid (a six-carbon compound). As the citric acid makes its way around, it is reduced back into citric acid while producing CO2, enough energy to resynthesise 2 ATP and a number of NADH that are transferred to the electron transport chain.


Located within the cristae, the electron transport chain (ETC) is supplied with oxygen and the hydrogen from the NADH. The hydrogen and oxygen combine to release enough energy to resynthesise 32 ATP sixteen times more efficiently than any other process. The by-products of the ETC are CO2 and H2O (water), both of which are easily removed from the body. The combined ATP resynthesis of the whole aerobic energy system is 36 ATP, significantly more efficient than any other energy system. The aerobic energy system is also able to break down triglycerides (fats) and use as an energy source.


The advantages of the aerobic system are:





•  it is a very efficient production of energy (for example, 36 ATP for every molecule of glycogen and 138 ATP for every palmitic acid molecule)



•  it is almost limitless energy production potential



•  there are no fatiguing by-products



•  it uses fats as an energy source.





The disadvantages of the aerobic system are:





•  it is only suited to low-to moderate-intensity activities



•  it takes time to transition to the system



•  it takes up to 20 minutes to start to use fats as an energy source.
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GROUP ACTIVITY


In small groups, consider the following activities. Where would you place them on the energy continuum table below? Can you justify your answers?


100 m running, 500 m swim, goalkeeper in hockey, marathon runner, basketball player, striker in football.


Think about how intense the activity is and how long the activity lasts.
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5.2 The energy continuum: how intensity and duration of exercise determines which energy system is predominant



The energy system does not operate separately, but rather as a continuum. The energy system that is the most appropriate is dependent on the intensity and duration of the activity. Consider Figure 1.15 below.
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The graph overlaps the contribution of each energy system when producing energy. When considering where a sport or activity lies on the graph it is important to consider the intensity and duration of the activity. For activities where the intensity remains fairly constant throughout, the activity can be easier to place on the continuum. For example, the 100 m takes around 10 seconds and is high-intensity, this places it at the peak of the ATP-PC system. The 800 m last around two minutes placing it around the limits of the lactic acid system and moving into the aerobic system. Team games are a much more complex prospect, as there are different roles within the team and different intensities of activity. A goalkeeper in football will have very different energy production requirements to a central midfielder.


5.3 The energy continuum: The recovery process for each energy system


As both the ATP-PC system and the lactic acid systems are depleted over time, the body does eventually get the chance to recover these energy sources. It then uses the aerobic system to return or ‘repay’ the debt that has been built up. This opportunity comes in one of three ways:





•  The participant stops being physically active and demand for energy goes back to resting levels.



•  The intensity of the activity reduces to a level where there is spare capacity in the aerobic system, although the activity does not stop. For example, you may increase your pace in a 500 m race but then it returns to a level where you are working aerobically.



•  The activity is such that there are bouts of high-intensity, short-duration activity, followed by periods of low or no activity. For example, in a game of rugby the ball may be in play for up to 40 minutes out of a total game time of 80 minutes; in basketball a game has 10 four-minute quarters but can take over an hour to play.





We have already discussed in the previous section how different energy systems work at different times depending on the intensity and duration of the activity involved. The use of the ATP-PC system and the lactic acid system enables your body to use available energy in your muscles quickly without the need to use oxygen, as this can take some time to achieve. The muscles therefore ‘borrow’ energy and ‘repay’ it later, with excess energy created by the aerobic system when one of the conditions is met above.


As you start to exercise, the demand for energy is high; however, you cannot get enough energy from the aerobic system so your body ‘borrows’ it to be repaid later. This repayment is seen in the second part of Figure 1.16 under EPOC (excess post-exercise oxygen consumption). It is here that the consumption of energy reduces and the debt can be repaid. It is often only fully repaid at the end of the activity.
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EPOC is broken down into two parts: a fast component and a slow component. The fast component deals with the resynthesis of phosphocreatine (PC). To achieve the resynthesis of PC the aerobic system provides the energy to reverse the original exothermic reaction of releasing energy:
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PC recovery is described as a fast component. This is because 98 per cent of the PC in our body can be resynthesised in three minutes. What is more remarkable is that 50 per cent can be resynthesised in 30 seconds and 75 per cent in 60 seconds.


The ‘slow component’ works specifically with removing the lactic acid from the body. Lactic acid was once thought of as a ‘bad’ by-product, causing cramp. More recently, it has been found to be an important energy source, particularly for the heart during exercise. To remove lactic acid from the muscles the body is able to use a series of different methods:





•  The lactic acid is converted back into pyruvic acid, which in turn is converted into glucose and glycogen in a reversal of glycolysis.



•  Through the cori cycle, where lactic acid is removed to the liver, converted back into glycogen and returned to the muscles.





The majority of lactic acid is oxidised into CO2 and H2O. This is achieved by lactic acid being converted into pyruvic acid, which then passes through to the mitochondria to be used by the krebs cycle and the electron transport chain. Much of this oxidisation is completed while we are still working. The lactic acid is moved into the blood and transported to areas of the body that are still oxygen rich, for example, the heart and lungs.


The removal of lactic acid from muscles and the body is a much lengthier process than the PC system, taking up to two or more hours depending on the intensity of the physical activity and whether a cool-down was completed.


Cool-downs


Cool-downs can substantially reduce the time taken to remove lactic acid. The amount of time taken to recover depends on the intensity of the exercise and the type of cool-down undertaken. Recent research has found that an interval cool-down (one that includes stretching, jogging, walking or similar activities) has proven to be the most effective in reducing lactic acid.
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CASE SCENARIO


You have been asked to help an 800 m athlete to devise a cool-down to help them recover after training sessions and races. The runner does not believe a cool-down helps. Explain the value of an effective cool-down and give examples of what they need to do to make it effective.
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KNOW IT





1  Give the two locations where energy is produced.



2  How much ATP is resynthesised using the following energy systems?







    a  ATP-PC


    b  lactic acid


    c  aerobic








3  What type of activity or training would you recommend to someone who wants to improve their aerobic system?



4  What energy system is being resynthesised during the slow component of recovery? How could you reduce the recovery time?



5  How long is needed to fully resynthesise the fast component?
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Assessment practice questions


Below are practice questions for you to try.





1  What type of bone is the scapula?







    a  long bone


    b  short bone


    c  flat bone


    d  irregular bone


[1 mark]








2  What type of joint is the knee?







    a  ball and socket


    b  hinge


    c  saddle


    d  condyloid


[1 mark]








3  Below are listed four components of blood. Which component carries oxygen?







    a  red blood cells


    b  white blood cells


    c  platelets


    d  plasma


[1 mark]








4  What part of the structure of a joint holds bones together?







    a  tendon


    b  hyaline cartilage


    c  ligaments


    d  menisci


[1 mark]








5  Define stroke volume and give a typical resting value.


[2 marks]



6  Define the term VE in relation to the respiratory system.


[1 mark]



7  Apply your knowledge of the skeletal and muscular systems to complete the following table.


[4 marks]
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8  The ATP-PC system resynthesises ATP through the breakdown of phosphocreatine with the help of the enzyme creatine kinase.
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    a  Describe the advantages of the ATP-PC system.


[3 marks]


    b  Describe the disadvantages of the ATP-PC system.


[3 marks]








9  Regular physical activity places the body under stress, forcing it to accommodate the demands placed upon it. Over time the body adapts to these stressors. Describe what changes occur to the muscular and cardiovascular systems as they adapt to physical activity.


[10 marks]
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