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Unit: Skeletal & Muscular Systems 

For your 2022 exam you need to concentrate on the lower body joints, muscles and 

movement. 

 

Joints 

Hinge Joints allow only backward and forward motion, just like the hinge on a door. The 

knee and ankle are examples of hinge joints. 

Give an example of how a footballer might use a hinge joint? 

The knee is a hinge joint which creates the movement required to take a shot. 

 

Ball and Socket Joints are when a long bone fit into a cup shaped hole, allowing 

circumduction. The hip is a ball and socket joint. 

 

Name two sports whereby a ball and socket joint is important. 

Hip – Discus 

Hip - Swimming 

 

Which joints are key to creating movement for the sporting actions shown below? 

 

 

 

 

 

 

 

 

 

                      Football Shot – Knee                                            Calf Raise - Ankle 
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Voluntary Muscles of the Body 

 

Below you will find a list of muscles that are found in the lower body. Put each muscle into the 

correct column within the table. 

 

Biceps Femoris     Soleus       Semi-Membranosus   Tibialis Anterior    Gluteus Minimus 

Vastus Intermedius      Iliopsoas     Gastrocnemius     Rectus Femoris      Vastus Lateralis 

Adductor Brevis      Gluteus Medius       Adductor Longus     Adductor Magnus 

Semi-Tendinosus      Vastus Medialis     Gluteus Maximus 

 

 

Muscles Found at the Site 
of the Hip Joint 

Muscles Found at the Site 
of the Knee Joint 

Muscles Found at the Site 
of the Ankle Joint 

 
 

Iliopsoas 
Gluteus Maximus 
Gluteus Medius 

Gluteus Minimus 
Adductor Longus 
Adductor Brevis 

Adductor Magnus 

 
Hamstring Group 

 
Biceps Femoris 

Semi-Membranosus 
Semi-Tendinosus 

 
 

Quadricep Group 
 

Rectus Femoris 
Vastus Lateralis 

Vastus Intermedius 
Vastus Medialis 

 
 

Tibialis Anterior 
Soleus 

Gastrocnemius 
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Planes of Movements: 

Different sports often require different types of movement and positioning. 

For the following sports, in your own words describe the positioning of the 

body. 

Tennis   Upright/Vertical 

Swimming  Horizontal 

Trampolining Twisting/Turning 

 

Planes: 

Planes are theoretical divisions that divide the body into sections. There are 

three planes of motion in the body. 

 

1. The Sagittal Plane: 

Splits the body down the middle resulting in a left side and a right side. 

2. The Frontal Plane: 

Divides the body so that there are front and back sections. 

3. The Transverse Plane (AKA Horizontal Plane): 

Divides the body across the middle (horizontally), giving a top section 

and a bottom section. 

Frontal Plane Sagittal Plane Transverse Plane 
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Underneath each of the pictures shown above, write down one of the 

following phrases to describe the movement possible within the plane. Think 

about how the person could move and still keep the plane intact: 

• Forward or backward 

• Side to side 

• Rotational 

 

Use the table below to select the plane of movement for each 

exercise/sporting action: 

Exercise/Action Plane 

Walking Sagittal 
Side Bends Frontal 

Side Stepping Frontal 
Jogging Sagittal 

360 degree twist Transverse 

 

Use the table below to state the plane and axes present during each 

movement/action. 

 

Movement/Action Plane 

Forward Roll Sagittal 

Cartwheel Frontal 

Somersault Sagittal 

Twist Jump Horizontal 
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Joints, Muscles and Movement: 

Joints are what make it possible to move our body in certain ways. Each type of joint allows 

for a different type of movement. 

1. Flexion: Movement decreasing the angle between body parts (bending). 

2. Extension: Movement increasing the angle between body parts (straightening). 

3. Dorsi-Flexion: Flexing the toes so that they move closer to the shin 

4. Plantar-Flexion: Extending the toes down, away from the shin 

5. Hyperextension – Increasing the angle beyond 180 degrees when extending 

6. Adduction: Movement of a body part toward the body's midline 

7. Abduction: Movement of a body part away from the body’s midline 

8. Horizontal Flexion: Movement decreasing the angle between body parts occurring 

on the horizontal plane (parallel to the floor) 

9. Horizontal Extension: Movement increasing the angle between body parts occurring 

on the horizontal plane (parallel to the floor) 

10. Medial rotation: rotational movement towards the midline 

11. Lateral rotation: rotational movement away from the midline. 
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Describe the movement required to produce movement for each sporting action listed 

below: 

 

Kicking a ball in football - flexion to extension (knee)  

Serving in tennis - flexion, extension, abduction, adduction, rotation (shoulder) 

Hand Stand – flexion (wrist), extension (elbow) and rotation (at the shoulder)  

Ten Pin Bowling - flexion to extension (elbow) abduction to adduction and rotation 

(shoulder)  

Bowling a cricket ball- flexion, extension, abduction, adduction, rotation (shoulder) 

Performing a bicep curl – extension to flexion (elbow)  

‘Pointe’ in Ballet (standing on toes) plantar- flexion (ankle) extension (knee)  

Performing a squat- upwards motion = flexion to extension (knee) flexion to extension (hip) 

Forehand shot in Table Tennis – flexion (elbow) abduction to adduction (shoulder)  

 

 

 

 

 

Type of Joint Examples of this joint in the 

body? 

Types of movement available? 

Ball and Socket  Shoulder  

Hip  

Flexion 

Extension 

Abduction  

Adduction  

Rotation  

Hinge  Knee 

Elbow 

Ankle  

Flexion  

Extension  

Dorsi-flexion  

Plantar- flexion  
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Joint Actions in the Sagittal Plane 

Flexion, extension, plantarflexion, dorsiflexion and hyperextension are actions that take part 

in the sagittal plane. Under each heading, stick or draw a picture of the required action, and 

write down the agonist and antagonist muscle(s). 

 

Flexion:                                           Extension:   

         

        

 

 

 

 

 

 

Plantarflexion:      Dorsiflexion: 

 

 

 

 

 

 

 

 

 

Hyper Extension: 
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Joint Actions in the Frontal Plane 

Abduction and adduction are actions that take part in the frontal plane/sagittal axis. Under 

each heading, stick or draw a picture of the required action, and write down the agonist and 

antagonist muscle(s). 

 

 

Adduction:       Abduction: 

 

 

 

 

 

 

 

 

 

Joint Actions in the Transverse Plane 

Horizontal abduction and horizontal adduction are actions that take part in the transverse 

plane/longitudinal axis. Under each heading, stick or draw a picture of the required action, 

and write down the agonist and antagonist muscle(s). 

 

Lateral/Medial Rotation:     Horizontal Flexion/Extension: 
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Take a look at the table below for a summary of movement actions that are possible at each 

joint in the lower body. 
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Fixator Muscles 

A fixator is a muscle that stabilises one part of the body while another part moves. The 

majority of fixator muscles are found working around the hip and shoulder joints. 

 

Isometric v Isotonic Contractions: 

An isometric contraction is where a muscle contracts but the length of the muscle does not 

change (therefore it doesn’t move). Sporting examples could include a rugby scrum or 

leaning back and holding in a tug of war. 

An isotonic contraction is where a muscle contracts and also lengthens. There are two types 

of isotonic muscular contraction: 

Eccentric contractions occur when the muscle lengthen due to a greater opposing force.  

Concentric contractions occur when the muscle shortens, therefore generating force.  

 

At which stage of a bicep curl is an eccentric muscle contraction experienced? At which 

stage is a concentric contraction experienced? 

Eccentric Contraction – This occurs as the arms are brought downwards by the weight and 

results in the bicep lengthening. 

Concentric Contraction – This occurs as the biceps carry the weight up towards the body, 

causing flexion whereby the biceps shorten. 

 

Activity Agonist Antagonist Fixator 

Kicking a football Rectus femoris  Biceps femoris Gluteus maximus 

Bicep curl Biceps brachii Triceps brachii Trapezius 
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Skeletal & Muscular Systems Exam Questions 

 

1. Identify the type of joint, the joint action and the main agonist at the 

leading ankle, as an athlete clears a hurdle. (3 marks) 

Mark One – Type of Joint = Hinge 

Mark Two – Joint Action – Dorsiflexion 

Mark Three – Agonist = Tibialis Anterior 

 

 

2. To clear a hurdle, hip flexion occurs. State the plane on which hip flexion takes place. 

(1 mark) 

 

Mark One – Sagittal Plane 

 

 

3. Muscles often work in antagonistic pairs. 

Explain the term antagonistic pair, using the knee joint as an example. (4 marks) 

 

Mark One - Antagonistic pair refers to muscles working together with one contracting and another 

relaxing 

Mark Two - At the knee, the biceps femoris contract (agonist) to cause flexion 

Mark three - Whilst the rectus femoris relaxes – antagonist 

Mark Four - The rectus femoris contracts (agonist) to cause extension whilst the biceps femoris 

relaxes 

Accept other appropriate responses 

 

4. Explain, stating the joint type, the plane in which the knee moves to kick a football (2 marks) 

Mark One - Knee is a hinge joint 

Mark Two – The knee moves forward/backward/swings in the sagittal plane 
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Unit: Cardiovascular & Respiratory Systems 

In order to assess a performer’s cardiac muscle, we look at heart rate, stroke volume and cardiac 

output. 

Heart rate = The number of cardiac cycles (beats) per minute (lower = more efficient) 

A heart rate lower than 60bpm is known as bradycardia, resulting from cardiac hypertrophy. 

MAX HR = 220 - age 

Stroke Volume = The volume of blood pumped out by the heart ventricles in each contraction. It 

depends on two factors: 

Venous Return: the volume of blood returning to the heart 

 (greater volume returned = greater volume ejected) 

Ventricular elasticity and contractility: the degree of stretch in cardiac muscle fibres. 

 (greater stretch = greater force of contraction = raises SV) 

 

Cardiac Output, Q  = The volume (litres) of blood pumped out by the heart ventricles per minute. 

(Heart Rate x Stroke Volume)  

 

 

 

 

Explain what you believe will happen to stroke volume and cardiac output as a result of 

exercise. 

The common consensus and belief is that stroke volume and cardiac output will always tend 

to increase during exercise. 

 

We will now look into whether this is completely true….. 

 

Exercise can be done at maximal or sub-maximal intensity. What is the difference between 

the two? 

Maximal – Exercising past an intensity of 85% of your maximum heart rate, above aerobic 

capacity 

Submaximal – Exercising at an intensity up to 85% of your maximum heart rate, within 

aerobic capacity 

 

Ventricles    Volume   Minute   Volume    Ventricles     Hypertrophy 
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Sub-Maximal Exercise: 

The following table shows the stroke volume (ml) of a performer exercising at sub-maximal 

intensity. 

Table 1 

Time Stroke Volume (ml) HR Estimate 

1min (30% max 
effort) 

80 60 

2min (40% max 
effort) 

120 80 

3min (50% max 
effort) 

140 101 

4min (60% max 
effort) 

160 121 

 

The performer in the table above is 18 years old. Use the column to state how high you 

think their HR was for each minute of exercise. Explain your estimates below. 

The estimates in the table above have been worked out after considering max effort in 

regards to maximum HR which is 220-age. For example the performers maximum HR is 

202. 30% of 202 is 60 beats per minute. 

 

Like stroke volume, Cardiac output continues to increase in line with intensity, until maximal 

exercise is reached. 

 

Anticipatory Rise 

This is the increase in heart rate that occurs just before taking part 

in exercise. It is caused by an increase in activity from the 

sympathetic nervous system.  

During sustained sub-maximal exercise, heart rate plateaus as the 

supply of oxygen meets the demand. 
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Maximal Exercise: 

When exercising at maximal levels, things start to change for stroke volume. A performer’s 

stroke volume will only continue to rise up to around 60% of maximal effort. At this point 

the heart rate is too high for the ventricles to have enough time to fill up with blood, 

meaning that there is a plateau in stroke volume. 

Table 2 

Time Stroke Volume (ml) HR Cardiac Output 
(litres/min) 

1min (30% max 
effort) 

80 60 4.8 

2min (40% max 
effort) 

100 80 8 

3min (50% max 
effort) 

120 101 12.2 

4min (60% max 
effort) 

140 121 16.9 

5min (70% max 
effort) 

140 141 19.7 

6min (80% max 
effort) 

140 162 22.7 

7min (90% max 
effort) 

140 182 25.5 

 

Using the information above, fill in the table to show what you would expect to happen to 

stroke volume, cardiac output and HR as a result of maximal exercise. 

 

If stroke volume does not increase at maximal exercise, how do your working muscles 

continue to get the oxygen they require as exercise intensity increases? 

Muscles will continue to get more oxygen as intensity increases because HR continues to 

increase. This means that the amount of oxygen being supplied per minute (cardiac output) 

continues to increase. 

 

Heart rate does not plateau during maximal exercise as the intensity is constantly increasing, which 

means a growing demand for oxygen. 

What do you think happens to cardiac output during maximal exercise?  
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After completing the table above, explain what happens to Cardiac Output when 

exercising at sub-maximal and maximal levels. 

Cardiac Ouptut continues to increase during both submaximal and maximal 

exercise. It increases very quickly during submaximal exercise as both stroke 

volume and heart rate are increasing. It continues to increase but at a slower rate 

during maximal exercise (almost plateauing), this is because heart rate increases 

but stroke volume is now showing a plateau (staying the same). 

 

Now use graph paper in order to plot one line graph showing the results from table 2, and 

a separate graph to show your results from table 3. 

Recovery 

 

There is a gradual decrease in Heart rate during recovery. 

 

During recovery, the body needs to maintain blood/oxygen supplies and the removal of 

waste.  

 

To do so, what do you think is maintained during the earlier stages of recovery? Stroke 

volume 

 

Cardiac output decreases rapidly at first, then more slowly back to resting levels. 

 

  

Sub-maximal Exercise    Maximal Exercise  Fluctuating intensities of exercise 
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Redistribution of Blood Flow: 

During exercise blood must be distributed to areas of the body that require an increased 

level of oxygen. This redistribution of blood flow is known as vascular shunting. 

How would the following performers benefit from the vascular shunt mechanism? Which 

muscle groups will require more oxygen? 

 

 

 

 

 

 

 

 

 

 

How does eating just before exercising have an effect on vascular shunting? 

The digestive system will require oxygen in order to digest your food. Your muscles will 

require oxygen in order to produce energy during exercise.This conflict can result in stomach 

cramps and pains. 

 

 

 

 

As you exercise and vascular shunting occurs, your blood vessels help with the process of 

redistributing blood. This process if known as vasodilation and vasoconstriction. 

 

 

 

 

 

 

VasoDILATion – blood vessels DILATE (get bigger) – allows more blood for the 

active muscles 

VasoCONSTRICTion – blood vessels CONSTRICT (get smaller) – takes blood away 

from inactive areas and the organs 

Key Point – The brain requires the same 

amount of oxygen at rest and exercise 

Increase in oxygen 

delivery to the 

quadriceps/hamstrings 
Increase in oxygen 

delivery to the 

biceps/triceps/deltoid/

pectorals 

Increase in oxygen 

delivery to the muscles 

in the arms/legs 
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The Process of Vascular Shunting: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

How does vascular shunting occur in order to benefit a netball player 

during a match? 

Whilst playing netball, the chemoreceptors will notice an increase in lactic 

acid and C02 at the site of the working muscles, such as the quadriceps and 

hamstrings. A signal is therefore sent from the chemoreceptors to the 

vasomotor in the medulla oblongata. The vasomotor sends an impulse for the vasodilation 

to occur within the arteries leading to the active areas, allowing more oxygenated blood to 

get to the muscles and get rid of the excess lactic acid. Vasoconstriction will restrict the 

amount of blood getting to the inactive areas such as the digestive system and the liver. The 

pre-capillary sphincters will also adjust in size to let more oxygen pass into the active 

muscles, and restrict the amount of oxygen entering the inactive areas 

Increase in Co2 and Lactic Acid 

detected by the 

Chemoreceptors 

 

The Chemoreceptors stimulate 

the Vasomotor 

 

The Vasomotor signals for a 

redistribution of blood flow 

 

Vasodilation and 

Vasoconstriction occur and the 

pre-capillary sphincters adjust 

blood flow into the capillaries 
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Heart Rate Regulation 

During exercise, the heart rate of an individual needs to change to meet certain demands. To do this, 

the Cardiac Control Centre (CCC) in the medulla oblongata in the brain receives information from 

sensory nerves and sends information to motor nerves. 

 

1. Neural Control 

Sympathetic v Parasympathetic Systems: 

The sympathetic system can speed up the cardiac impulses given out by the cardiac conduction 

system, whereas the parasympathetic system can decrease these impulses and heart rate. 

Both of these control mechanisms are controlled by the medulla oblongata in the brain. 

If sympathetic nervous impulses are sent from the brain to the SAN, what will happen? What might 

an individual be doing at this point? 

This will result in an increase in heart rate. An individual may well be exercising. 

 

If parasympathetic nervous impulses are sent from the brain to the SAN, what will happen? What 

might an individual be doing at this point? 

This would cause a decrease in heart rate and is likely to occur during rest. 

Chemoreceptors: 

During exercise the chemoreceptors detect an increase in carbon dioxide. Nerve impulses are 

therefore sent to the medulla oblongata in the brain and the sympathetic nervous system is 

activated and impulses are sent to the SA node in order for contractions to increase. This will lead to 

an increase in heart rate and the supply of oxygen for the body. This is also similar for increased 

levels of lactic acid. 

 

Baroreceptors: 

The baroreceptors detect an increase or decrease in blood pressure by detecting the stretching of 

the arterial wall. An increase in arterial pressure will result in the baroreceptors sending a message 

to the medulla oblongata in the brain. The paraympathetic system will then be activated and 

impulses are sent to the SA node for contractions to decrease. However during exercise the 

baroreceptor set point increases, so that heart rate does not slow down. 

 

Impulses     Medulla Oblongata     Exercise     Oxygen      Carbon Dioxide     Node          Sympathetic Nervous      

Arterial          Set     Blood Pressure     Message     Parasympathetic                                       

Medulla Oblongata       Slow   SA 
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2. Intrinsic Control 

 

Temperature changes will affect the viscosity (thickness) of the blood therefore the speed of nerve 

impulse transition. 

 

Venous return changes affect the stretch in the ventricle walls, force of contraction and stroke 

volume. 

 

 

 

 

 

 

3. Hormonal Control 

 

Adrenaline and noradrenaline are released front of the adrenal glands, increasing the force of 

ventricular contraction (therefore SV) and the speed of electrical activity through the heart 

(therefore HR) 

 

 

 

 

 

 

 

Venous return mechanisms –mainly against gravity. 

 

Venous return is the flow of blood back to the heart, via the veins and specifically the vena cava. 

During exercise, venous return increases. As a result of this, more blood will also be ejected from the 

heart (stroke volume). 

 

Venous Return Mechanisms: 

The blood in the veins is at a much lower pressure than in the arteries, particularly as it goes through 

the Vena Cava and into the heart. Why do you think this is? 

 

Speed  contraction  stretch   viscosity 

Sympathetic nervous system = increases HR 

 

Parasympathetic nervous system = decreases HR 
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Venous return mechanisms –mainly against gravity. 

 

Venous return is the flow of blood back to the heart, via the veins and specifically the vena cava. 

During exercise, venous return increases. As a result of this, more blood will also be ejected from the 

heart (stroke volume). 

 

Venous Return Mechanisms: 

The blood in the veins is at a much lower pressure than in the arteries, particularly as it goes through 

the Vena Cava and into the heart. Why do you think this is? 

The blood leaves the heart at high blood pressure as a contraction has just occurred and lots 

of power has been generated. As the blood flows around the body this power and pressure 

is steadily lost. By the time the blood is returning to the heart via the veins it will contain a 

much lower blood pressure 

Due to this low pressure  of blood in the veins, the venous return mechanisms are required 

in order to help Venous Return. These are as follows: 

1. The Skeletal Muscle Pump – Muscles contracting and 

relaxing are constantly changing shape. This results in 

muscles pressing on nearby veins. This causes a pumping 

action, which pushes blood back towards the heart.  

 

 

2. The Respiratory Pump 

Breathing in and out causes contractions in many muscles, as well as the diaphragm. 

This causes a constant change in the pressure of the thoracic (chest) cavity, compressing 

the veins and causing venous return. 

 

 

3. Pocket Valves 

Veins are full of pocket valves. As blood passes through these valves, they close in order 

to prevent the backflow of blood 

 

 

 

 

 

 

contractions    close   contracting  pressure      veins      backflow 
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Venous return is also aided by ‘smooth muscle’, ‘gravity’ and the ‘suction pump’ of the 

heart. Do some of your own research to find out about these factors within venous return. 

Smooth Muscle – This lines the walls of the veins and makes it easier for blood to travel 

through the veins without disturbance. 

 

Gravity – Veins above the heart will be assisted by gravity, making it much easier for bllod to 

flow back to the heart. 

 

Suction Pump of The Heart – As the heart relaxes and refills, the low pressure generates a 

‘suction’ action, making it easier to take in blood from the veins. 

 

Cardiovascular System Exam Questions 

 

1. Starling’s Law outlines that during exercise there will be an increase in stroke volume? 

Explain the factors leading to this increase in stroke volume?     

    (3) 

Mark One – An increase in venous return 

Mark Two – Results in increased diastolic filling of the heart 

Mark Three – Cardiac Muscle/Wall is stretched 

Other Possible Marks – Therefore there is a more powerful contraction/increased ejection fraction 

 

2. The table below shows the partial pressure of oxygen at the site of the lungs. Using the data 

from the table, explain how diffusion occurs at the site of the lungs.    

    (3) 

 

Mark One – The alveoli have a high concentration of oxygen and a low concentration of carbon 

dioxide 

Mark Two – The blood capillary has a higher partial pressure of carbon dioxide compared with 

oxygen 

Mark Three – Therefore there is a concentration gradient whereby the oxygen will diffuse from the 

alveoli to the blood capillary/blood stream and the carbon dioxide will diffuse from the blood 

capillary to the alveoli 

Location Partial Pressure of 
Oxygen (P02) 

Partial Pressure of Carbon 
Dioxide (PC02) 

Alveoli 100 mm Hg 40 mm Hg 

Blood Capillary 40 mm Hg 46 mm hg 
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3. Fill in the table with the muscles used in each of inspiration and expiration.  

   (6) 

 At rest During exercise 

Inspiration External intercostals and 

diaphragm (contract) 

(In addition) sternocleidomastoid and 

pectoralis minor 

Expiration External intercostals and 

diaphragm (relax) 

(In addition) internal intercostals and 

rectus abdominis 

 

 

4. Describe the specific process of vascular shunting during a football match, referring to the 
capillaries, receptors and vasomotor.    (5) 

 

Mark One - An increase in carbon dioxide and lactic acid is detected by chemoreceptors 
Mark Two - Chemoreceptors stimulate the vasomotor 
Mark Three - Vasomotor signals for redistribution of blood flow 
Mark Four - Vasodilation occurs around quads/hamstrings or Vasoconstriction occurs 
around the stomach 
Mark five - As the pre-capillary sphincters adjust blood flow into the capillaries 
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Unit: Respiratory System 

Respiratory System Response to Exercise – oxygen demand increases! 

 

1. Breathing rate – increases in proportion to the intensity of exercise. But, like heart rate, 

what can happen if there is a steady sub-maximal intensity? It can plateau 

 

2. Tidal volume – increases in proportion to at sub-maximal intensities, then reaches a plateau 

as an increased breathing rate at maximal intensities means there is not enough time for 

huge volumes of inspired and expired air. 

 

3. Minute ventilation 

 

Match up the correct descriptions of the effect on VE at teach stage of exercise: 

 

 

 

 

 

 

 

 

 

 

 

 

 

VE does not plateau as exercise intensity increases because there’s a continued increase in demand 

for oxygen. 

 

 

 

 

An anticipatory rise due to the hormone 

adrenaline 

A quick increase as breathing rate and 

tidal volume increase 

A steady state as oxygen supply meets 

the demands and waste is removed 

An initially rapid decrease to resting 

levels as oxygen demand decreases 

Before the start of exercise 

At the start of exercise 

At a sustained exercise intensity 

At the start of recovery 
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Mechanics of Breathing during 

exercise 

The lungs are found in the thoracic 

cavity. As the rib cage/sternum 

expands, the lungs expand, 

changing the pressure. This forces 

air to enter the lungs. 

 

The muscles used in inspiration and 

expiration at rest are the diaphragm and the external intercostals. 

 

However, as tidal volume increases during exercise, additional respiratory muscles are put to use to 

give a larger force of contraction:  

  

1. Inspiration: 
 

Sternocleidomastoid and Pectoralis Minor cause a greater expansion of the rib cage and sternum. 

How does the greater expansion affect the volume of air inspired? Use the keywords below. 

Volume  pressure lungs  depth  inspired 

 tidal 

As there’s greater expansion, the volume inside of the lung is increased, meaning the pressure (in 

the thoracic cavity) is reduced from what it was at rest. This increases the depth of breathing as 

more air is inspired/increased tidal volume. 

 

1. Expiration: 
 

Internal intercostals and rectus abdominis create a greater down and inward movement of the rib 

cage and sternum. This is needed because the relaxation of the diaphragm and external intercostals 

doesn’t provide enough force to expire quickly enough for breathing rate to increase. 

 

Similar to the question above, explain how this helps expiring a larger volume per minute. 

Volume  decreases pressure rate breathing expired  VE   

 

As there’s greater inward movement, the volume inside of the lung is decreased, meaning the 

pressure (in the thoracic cavity) is increased. This increases the rate of breathing as more air is 

expired/increased minute ventilation (VE) 
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Regulation of Breathing 

 

Remember the Cardiac control centre (CCC) to control heart rate?… what do you think is the name 

of the centre that receives information from sensory nerves and sends signals to motor nerves to 

change the rate of respiratory muscle contraction? The Respiratory control centre (RCC) 

 

The RCC has two centres: 

 

Complete the table below, stating whether it is ‘active’ or ‘inactive’. Where ‘active’, state whether 

the muscles stimulated are respiratory or additional respiratory. 

 

 At rest During exercise 

Inspiratory centre (IC) Active – respiratory muscles Active – respiratory muscles 

Expiration centre (RC) Inactive Active – additional respiratory 
muscles 

 

 

The RCC controls breathing through: 

 

Chemical control: it is chemosensitive, meaning it’s very sensitive to chemical information. 

Chemoreceptors in the aorta and carotid arteries pick up the following changes during exercise: 

 

Blood acidity: increases 

Carbon dioxide concentration: increases 

Oxygen concentration: decreases 

 

Neural control involves stimuli fed into the RCC: 

 

Thermoreceptors detect an increased blood temperature 
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Proprioceptors inform of motor activity in muscles and joints 

Baroreceptors (aka stretch receptors) are located in the lung tissue and bronchioles, and detect the 

state of the lung. 

 

Neural control involves stimuli fed into the RCC: 

 

Thermoreceptors detect an increased blood temperature 

Proprioceptors inform of motor activity in muscles and joints 

Baroreceptors (aka stretch receptors) are located in the lung tissue and bronchioles, and detect the 

state of the lung. 

 

The Inspiratory Centre and Expiratory Centre are found in the medulla oblongata and are 

responsible for changes in breathing rate. Number the following statements in order to 

explain how this is achieved: 

 

 

 

 

 

 

 

 

 

 

• Chemoreceptors detect an increase in carbon dioxide in the blood 

• Impulse sent to medulla oblongata 

• Sympathetic nervous system is activated 

• Nerve impulses are sent via the phrenic nerve to the inspiratory muscles (diaphragm & 

intercostals) 

• Breathing rate and depth are increased 

 

Chemoreceptors 

Sympathetic Nervous 

System is stimulated 
Impulse sent to medulla 

oblongata 

Nerve impulses are sent via 

the phrenic nerve to the 

inspiratory muscles 

(diaphragm & intercostals) 

Breathing rate and depth are 

increased 

Detect an increase in 

carbon dioxide in the 

blood 
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Stretch Receptors: 

These are located in the lungs. They prevent the lungs over-inflating by sending signals to 

the expiratory centre, which can signal for a decrease in breathing rate and depth. 

 

In relation to breathing mechanics, how can an athlete’s 

proprioceptors work to aid performance in a 5000m race? 

Proprioceptors located in the muscles, tendons and joints will 

identify movement at the beginning of a race. Therefore an 

impulse will be sent to the medulla oblongata, which will 

stimulate the sympathetic nervous system. An impulse is then 

sent via the phrenic nerve to the diaphragm and intercostal muscles, which will contract at a 

greater rate to increase breathing rate. 

 

 

An athlete is close to exhaustion at the end of a 5000m race. How do their stretch receptors 

respond in order to ensure the safety of the lungs? 

 

Athletes will work towards the upper limit of their aerobic capacity during a 5000m race. As 

their breathing becomes deeper, an athlete’s stretch receptors will send a signal to the 

medulla oblongata. The parasympathetic system is activated, and an impulse is sent to the 

diaphragm and intercostal muscles ensuring that the contractions do not become any more 

powerful. This will prevent the lungs from overinflating. 
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Respiratory System Exam Questions 

 

1. Which one of the following describes tidal volume?                                                                                               

(1) 

A) The volume of air that can be forcibly expired following a normal breath 

B) The amount of air inspired and expired with each normal breath 

C) The volume of air that remains in the lungs after maximum expiration 

D) The volume of air breathed in or out per breath 

 
 

2. The graph outlined above shows the dissociation curve. Explain what the dissociation curve 
is and discuss the changes that occur to this curve during exercise.    
    (8)  

 
A01 – 2    A02 – 3     A03 – 3 

A01 – Knowledge of the dissociation curve e.g.  

• The dissociation curve shows how much oxygen separates from haemoglobin 

• The dissociation curve shows the difference in partial pressure at the site of the muscles and 

the lungs 

A02 – Explanation of the changes to the dissociation curve during exercise e.g.   

• The Bohr shift will occur whereby the curve shifts to the right 

• This shows a lower level of saturation of oxygen in the blood at the site of the muscle tissue. 

This is because more oxygen has diffused into the muscle tissue to cope with the demands 

of exercise. 

• The amount of oxygen saturated with haemoglobin at the site of the lungs will stay roughly 

the same 

  

A03 – Evaluation of why the changes to the dissociation curve occur during exercise e.g.  

• The changes occur due to an increase in blood temperature 

• The changes occur due to an increase in the partial pressure of C02 in the muscle tissue. This 

leads to a greater concentration gradient which will lead to more oxygen separating from 

haemoglobin in order to get rid of the oxygen debt/supply the required energy 

• The changes occur due to a decrease in the PH of the blood/increase in blood acidity. 

 

Accept other appropriate answers 

 


