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Getting the most from this book


This Need to Know guide is designed to help you throughout your course as a companion to your learning and a revision aid in the months or weeks leading up to the final exams.


The following features in each section will help you get the most from the book.
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You need to know


Each topic begins with a list summarising what you ‘need to know’ in this topic for the exam.
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Key terms


Definitions of highlighted terms in the text to make sure you know the essential terminology for your subject.
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Exam tip


Key knowledge you need to demonstrate in the exam, tips on exam technique, common misconceptions to avoid and important things to remember.


[image: ]







[image: ]


Synoptic link


Reminders of how knowledge and skills from different topics in your A-level relate to one another.
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Do you know?


Questions at the end of each topic to test you on some of its key points. Check your answers here: www.hoddereducation.co.uk/needtoknow/answers
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End of section questions


Questions at the end of each main section of the book to test your knowledge of the specification area covered. Check your answers here: www.hoddereducation.co.uk/needtoknow/answers
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1 Applied anatomy and physiology



1.1 Cardio-respiratory and cardiovascular systems
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You need to know




•  impact of physical activity and sport on the health and fitness of the individual


•  hormonal, neural and chemical regulation of responses during physical activity and sport


•  receptors involved in the regulation of responses during physical activity


•  transportation of oxygen, including venous return, Starling’s law of the heart, cardiovascular drift and arterio-venous oxygen difference (A-VO2 diff)
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Impact of physical activity


One of the major impacts of physical activity is on the heart. Physical activity helps to strengthen the heart muscle and increases the size of the left ventricle.


In addition to a stronger heart muscle, physical activity can also help to:





•  reduce the potential incidence of heart disease



•  prevent or reduce high blood pressure — high blood pressure can be a health risk as there is a higher force exerted against the blood vessel wall



•  reduce the adverse effects of high cholesterol levels — high levels of ‘bad’ cholesterol can increase the risk of heart disease



•  reduce the likelihood/incidence of a stroke






Physical activity will help to develop the fitness of an individual. One reason is the effect on cardiac output — for both trained and untrained individuals. Cardiac output ([image: ]) is stroke volume (SV) × heart rate (HR). Cardiac output increases during exercise due to an increase in stroke volume and an increase in heart rate (see Table 1).
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Key terms


Blood pressure The force exerted against the blood vessel wall, often referred to as blood flow × resistance, measured as a comparison of systolic (contracting) pressure over diastolic (relaxing/filling) pressure


Cholesterol A waxy, fat-like substance in the blood and cells of the body


Stroke This occurs when the blood supply to the brain is cut off, causing damage to the brain cells


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


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


[image: ]







Table 1 Cardiac output in a trained and untrained individual






	 

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






	During exercise: untrained person

	120 ml × 202 = 24.24 litres






	During exercise: trained person

	170 ml × 202 = 34.34 litres






	At rest: untrained person

	70 ml × 72 = 5.04 litres






	At rest: trained person

	84 ml × 60 = 5.04 litres










Cardiovascular drift is the increase in heart rate that occurs due to viscous blood during prolonged endurance exercise, despite the intensity of the exercise remaining the same. This is often caused by fluid loss (sweat) and increased core body temperature, which is why it is important to maintain high fluid consumption before and during exercise.
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Exam tip


The cardiovascular system works in conjunction with the respiratory system (and is known as the cardio-respiratory system). An efficient system has a positive effect on the health and fitness of the individual, which is therefore a positive impact.
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Hormonal, neural and chemical regulation responses


There are many hormonal, neural and chemical regulation responses during physical activity:





•  anticipatory rise — the increase in heart rate that typically occurs just before activity is to be undertaken as a result of a release of adrenaline



•  redistribution of blood — the vascular shunt mechanism, which results in vasoconstriction (narrowing of blood vessels) and vasodilation (opening of blood vessels) to regulate blood flow



•  cardiac conduction — relating to the electrical impulse that passes through the heart, leading to a contraction. This makes use of a group of specialised cardiac muscle cells in the walls of the heart which send signals causing it to contract



•  carbon dioxide — exhaled as part of the breathing process



•  sympathetic system — the part of the autonomic nervous system that speeds up heart rate



•  parasympathetic system — the part of the autonomic nervous system that decreases heart rate
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Synoptic link


It is important to remember that the hormonal, neural and chemical regulation of responses during physical activity and sport are linked to the respiratory system (page 8), which is the next topic covered.
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Receptors involved in the regulation of responses


Receptors involved in the regulation of responses during physical activity are located in the neural control system, which controls the use of the sympathetic and parasympathetic systems.


The main receptors are:





•  chemoreceptors — tiny structures in the carotid arteries and aortic arch that detect changes in blood acidity, caused by an increase or decrease in the concentration of carbon dioxide (Figure 1)



•  proprioceptors — sensory nerve endings in the muscles, tendons and joints that detect changes in muscle movement



•  baroreceptors — sensors in tissues in the aortic arch, carotid sinus, heart and pulmonary vessels that respond to changes in blood pressure to either increase or decrease heart rate
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Synoptic link


This topic links closely to the neuromuscular system (page 12).


The three receptors here are also examined on page 11 when considering the regulation of pulmonary ventilation.
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Exam tip


Chemoreceptors, proprioceptors and baroreceptors effectively provide the ‘link’ between the nervous system and the cardio-respiratory system. You should also note the link between the receptors and the sympathetic and parasympathetic systems.
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Transportation of oxygen


The transportation of oxygen is the primary function of blood, with the heart acting as a pump to distribute it around the body. You need to know the terms in Table 2.




Table 2






	Term

	Description






	Haemoglobin

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






	Myoglobin

	An iron-containing muscle pigment in slow-twitch muscle fibres which has a higher affinity for oxygen than haemoglobin. It stores the oxygen in the muscle fibres, which can be used quickly when exercise begins.






	Oxyhaemoglobin dissociation curve (Figure 2)

	This represents the relationship between oxygen and haemoglobin and how haemoglobin in the blood transports and releases oxygen.






	Bohr shift

	A shift to the right of the oxyhaemoglobin dissociation curve, i.e. the period when muscles require more oxygen, so the dissociation of oxygen from haemoglobin occurs more readily.






	Venous return

	The return of blood to the right side of the heart via the vena cava. Active mechanisms are needed to help venous return, including the skeletal muscle pump (Figure 3), the respiratory pump and pocket valves, which prevent blood flowing backwards.






	Starling’s law

	The more blood that is pumped into the heart, the more blood must be pumped out of it, resulting in stroke volume increasing.






	Arterio-venous oxygen difference (A-VO2 diff)

	The difference between the oxygen content of the arterial blood arriving at the muscles and the venous blood leaving the muscles. These values will vary between trained and untrained individuals as well as the intensity of an exercise session. The body does adapt (become more efficient) over time — a positive training effect.
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Remember that the redistribution of blood is different at rest compared to during exercise as the skeletal muscles require more oxygen, so more blood needs to be directed to them.
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Exam tip


Knowledge and understanding of the structure of the heart is beneficial in being able to answer questions relating to this topic.
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Do you know?





1  What is blood pressure?



2  What does adrenaline do prior to exercise?



3  How do chemoreceptors affect heart rate during exercise?



4  Describe Starling’s law.



5  What is meant by the term ‘arterio-venous oxygen difference’?
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1.2 Respiratory system
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You need to know




•  lung volumes and the impact of these on physical activity and sport


•  gas exchange systems at alveoli and muscles


•  hormonal, neural and chemical regulation of pulmonary ventilation during physical activity and sport


•  receptors involved in the regulation of pulmonary ventilation during physical activity


•  impact of poor lifestyle choices on the respiratory system
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The combined process of inspiration and expiration is known as the mechanics of breathing, where inspiration is the act of breathing air into the lungs and expiration is breathing air out.
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Exam tip


Remember that the respiratory system works in conjunction with the cardiovascular system. A thorough knowledge and understanding of the structure of the lungs and the mechanics of breathing is also essential to be able to answer questions relating to this topic.
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Lung volumes


The different lung values (lung volumes) can be accurately monitored by using a spirometer to measure the volume of air that is inspired and expired by the lungs (see Figure 4 and Table 3).
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Table 3 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

	Change during exercise






	Tidal volume

	Volume of air breathed in or out per breath

	Increase






	Inspiratory reserve volume (IRV)

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

	Decrease






	Expiratory reserve volume (ERV)

	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

	Substantial increase










Gas exchange systems


Oxygen is breathed in (inspired) so that it can be diffused into the blood and transported to the cells of the body. Carbon dioxide is collected from those cells by the blood and breathed out (expired) to remove it from the body.


The process of breathing and diffusion is largely controlled by partial pressure. Partial pressure is the pressure exerted by an individual gas when it exists within a mixture of gases. Gas naturally moves from a high partial pressure to a low partial pressure.
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Key term


Diffusion The movement of gas molecules from an area of high concentration to an area of low concentration
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In Figure 5, oxygen diffuses from an area of high partial pressure (the lungs) to an area of low partial pressure (the capillaries), while carbon dioxide moves in the opposite direction.


The principles of diffusion and partial pressure are vital to gas exchange.


Hormonal, neural and chemical regulation


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


Hormonal


Adrenaline is a natural stimulant made in the adrenal gland of the kidneys. It is transported to the blood and affects the nervous system by increasing breathing rate in preparation for exercise.


Neural and chemical


Neural control involves the brain and the nervous system. When chemical changes are experienced in the blood, the chemoreceptors inform the medulla in the brain. The role of chemoreceptors and the parasympathetic and sympathetic nervous systems were covered in relation to the cardiovascular system on page 7. When breathing rate needs to increase, the respiratory control centre in the brain causes this to happen.
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Key terms


Hormonal Relating to or containing hormones


Neural Involving the brain and nervous system


Chemical A substance produced by or used in a chemical process
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Receptors involved in the regulation of pulmonary ventilation





•  chemoreceptors



•  proprioceptors



•  baroreceptors





These three receptors also play a part in control of breathing rate, in conjunction with other factors such as stretch receptors (Figure 6).
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Synoptic link


There is a clear link between the role of receptors in control of breathing (respiratory system) and control of heart rate (cardiovascular system).
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Impact of poor lifestyle choices


Smoking has a damaging effect on the respiratory system. It reduces lung function and increases breathlessness, caused by the swelling and narrowing of the airways. The whole respiratory system (and therefore the mechanics of breathing) can be adversely affected by smoking.


Remember that lifestyle is a choice. If a person chooses to smoke or to follow a sedentary lifestyle, they face the potential to suffer from breathlessness and/or breathing difficulties.
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Key terms


Lifestyle How you choose to live your life


Breathlessness A feeling of being unable to breathe, sometimes caused by smoking
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Exam tip


Choosing to smoke is the most damaging lifestyle choice affecting the respiratory system. There are significant negative impacts on an individual’s capacity to be involved in physical activity and sport.
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Do you know?





1  What is tidal volume?



2  What is residual volume?



3  How do IRV and ERV alter during exercise?



4  How do the parasympathetic and sympathetic nervous systems differ in relation to exercise?
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1.3 Neuromuscular system
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You need to know




•  characteristics and functions of different muscle fibre types for a variety of sporting activities, including slow twitch (type I), fast oxidative glycolytic (type IIa) and fast glycolytic (type IIx)


•  role of proprioceptors in PNF


•  recruitment of muscle fibres
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Muscle fibre types


Each fibre type is designed for a different purpose (see Table 4).
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Thus the varying fibre types have particular uses in sport:





•  slow twitch fibres are particularly useful for long-distance endurance events, e.g. a marathon



•  fast twitch type IIa are particularly useful for activities of a medium to high intensity, e.g. an 800-metre run



•  fast twitch type IIx are particularly useful for explosive, fast events, e.g. sprinting, discus throw, javelin
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Synoptic link


Muscle fibre types relate to energy systems in that slow twitch fibres do more work aerobically, whereas type IIx do more work anaerobically.
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Training can have an effect on fibre types. Although the size of muscle fibres is genetically determined, it is possible to increase size through training, resulting in hypertrophy.
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Key terms


Hypertrophy Where the muscle has become bigger and stronger


Aerobic With oxygen; for low to medium intensity exercise where the oxygen demands of the muscles can be met


Anaerobic Without oxygen; for high intensity exercise where the oxygen demand of muscles is so high that it cannot be met


Stretch reflex The reflex action that causes the muscle to contract to prevent overstretching and therefore reduce the risk of injury


Tendon A cord or band of dense, tough, inelastic, white, fibrous tissue which connects muscle with bone
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The role of proprioceptors in PNF


Proprioceptive neuromuscular facilitation (PNF) is an advanced stretching technique which makes use of CRAC (contract – relax – antagonist – relax).


Muscle spindles


These are sensitive proprioceptors that lie between skeletal muscle fibres. They detect how far and how fast a muscle is being stretched. During PNF stretching, the spindles detect the stretch and trigger a stretch reflex, preventing overstretching.


Golgi tendon organs


These are located between the muscle fibre and tendon and they detect the level of tension in a muscle. Autogenic inhibition is when the golgi tendon organs sense the muscle tension and send inhibitory signals to the medulla, which allows the antagonist muscle to lengthen and relax.




[image: ]


Exam tip


Muscle stretching is important both pre- and post-exercise so you should be aware of the types of stretching which are most suitable and appropriate, as well as the role and importance of muscle spindles and the golgi tendon organs during stretching.


[image: ]







[image: ]


Synoptic link


PNF stretching can be linked to flexibility training (active, passive, static and ballistic) when used as a method of injury prevention, rehabilitation and recovery.
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The recruitment of muscle fibres


The interaction of all the factors below enables effective muscular contractions to take place and thus allows sporting actions to occur. Therefore, it is important to be aware of the specific role that each one performs:





•  motor unit: this consists of a motor neurone and its muscle fibres. Only one type of muscle fibre can be found in a particular motor unit, so each muscle is made up of many motor units which vary in size



•  spatial summation: this is when the strength of a contraction changes by rotating the frequency of the impulse to motor units to delay fatigue



•  wave summation: this when the nerve impulse is repeated with no time to relax, resulting in a smooth, sustained contraction



•  tetanic contraction: this is a forceful, sustained, smooth muscle contraction caused by a series of fast repeating stimuli



•  the ‘all or none law’: once a motor neurone stimulates the muscle fibres, either all of them contract or none of them do. This is because it is impossible for a motor unit to only partially contract
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Key term


Motor neurone Nerve cells which transmit the brain’s instructions as electrical impulses to the muscles
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Do you know?





1  What are the characteristics of a slow twitch type I fibre?



2  What activities are fast twitch type IIx fibres suited to?



3  What is a muscle spindle apparatus?



4  What is meant by the term ‘wave summation’?
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1.4 Musculo-skeletal system and analysis of movement
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You need to know




•  joint actions in the sagittal plane/transverse axis


•  joint actions in the frontal plane/sagittal axis


•  joint actions in the transverse plane/longitudinal axis


•  types of joint, articulating bones, main agonists and antagonists, types of muscle contraction
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The muscular system and skeletal system combine to form the musculo-skeletal system, and this is what enables movement to take place. It is important to know the main skeletal bones and muscles of the body as well as being familiar with the various forms of connective tissue and joints which allow any movement to take place.


Joint actions


When performing any activity, a body or body parts will move in one of the following planes or even in all three of them (Figure 7). You should be aware of a range of basic movements or actions and the planes and axes of movement which are enabling that specific sporting movement or action to take place.
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Synoptic link


Planes and axes of movement can relate to transfer of learning. Movement in the same plane and around the same axis may be easier to positively transfer.


[image: ]








[image: ]




Sagittal plane/transverse axis


The sagittal plane divides the body into right and left halves. The transverse axis runs from side to side across the body. Movements in these areas include:
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