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Chapter 1 The skeletal system and physical activity
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Learning goals

By the end of this chapter you should be able to:


•  apply the functions of the skeleton to performance in physical activity and sport

•  identify the bones in the skeleton

•  classify the bones of the skeleton, linking their classification to their function and use in physical activity and sport

•  classify the joints of the skeleton and their impact on the range of movement

•  explain the role of ligaments and tendons in physical activity and sport.
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The functions of the skeleton

What does the skeleton do? The skeleton:


•  protects the body’s vital organs. The role of the skeleton to protect vital organs is very important in sport. For example, the ribs and sternum protect the heart and lungs if a batsman is struck with a cricket ball, the cranium protects the brain from head injury in rugby during tackles or racket injury in squash (if the opposition has a wide swing) and the pelvic girdle protects the intestines if there is a misplaced punch in boxing.

•  allows movement through the use of joints and muscle attachment. Most sports involve a lot of movement, for example squash, football and netball would be impossible to play if we were unable to use any of our muscles to move our bones. We will see in the next chapter that the muscles pull on the bones to which they are attached to move them, for example, one end of the biceps muscle is attached to the lower arm, so as the muscle contracts, it pulls on the bone in the lower arm to bend the arm. We can only bend the arm, of course, as there is a joint between the lower and upper arm – the elbow.

•  helps formation of blood cells. Platelets, red blood cells and most white blood cells are produced in the bone marrow. Platelets are critical to stopping bleeding if a performer receives a cut or a scratch during their activity. As they come into contact with the site of the tear, they stick to each other to block the tear in the wall of the blood vessel. Red blood cells transport oxygen and then exchange it for carbon dioxide. Red blood cells carry the oxygen that the performer needs to work aerobically. White blood cells are essential to help prevent infection, to keep the performer healthy.

•  stores minerals. Bones store calcium and phosphorus. These minerals are needed to keep the bones healthy, reducing the risk of osteoporosis. If a sports performer did not have strong bones they would not be able to subject their bodies to the forces required in sport, for example, being thrown in a judo throw, falling from a horse or being accidentally hit in the shin by a hockey stick or ball.
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Check your understanding


1. Why do we need red blood cells?
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The bones of the skeleton

Figure 1.1 shows the major bones of the skeleton.
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Actions

Once you have become familiar with the names of these bones, copy each of their names onto sticky labels and place them on a friend to help reinforce your understanding of the correct location of each bone.
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There are two common errors or difficulties in learning the names of the bones of the skeleton.


1. Sometimes it is difficult to remember which of the bones is which in the lower leg. If you are having difficulty with this, it might be helpful to remember that the tibia is the thicker of the two bones and that the fibula is the finer (or ‘f’inner!) of the two bones. It is also worth pointing out that you must make sure you do not confuse the endings of the names of these bones.
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Check your understanding


2. State three functions of the skeleton.
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Figure 1.1 The human skeleton




2. A similar problem occurs with remembering the bones of the lower arm. In this case, try to remember that the radius is the right bone for the thumb; provided the diagram you are asked to label has the hand on it as well, this should not be a problem!
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Check your understanding


3. Identify the correct name for the ‘shoulder blade’.

4. What is the function of a long bone?
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Classification and function of bones

All of the bones of the human skeleton can be classified according to their function. Bones are either:


•  long

•  short

•  flat

•  irregular.



Long bones

Bones are called long bones if they are longer in length than they are wide. These bones act as levers in the body, allowing us to move (with the help of muscles and joints).

Short bones

These are box-shaped, in that they tend to be as long as they are wide. Do any of the bones in Figure 1.1 fit this description? These bones are specially designed for strength or weight bearing and absorbing shock (for example running, handstands and other inverted balances or movements in gymnastics).

Flat bones

These bones are normally flat, thin and curved. Can you see any of these in Figure 1.1? These bones give protection and a large surface area for muscle attachment.

Irregular bones

Irregular bones are also used for protection and muscle attachment.

Look back at Figure 1.1. Are there any bones that you haven’t been able to classify yet? Could these be irregular bones? If the shape of the bone doesn’t fit any of the other descriptions, then it probably is irregular.
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Actions

Copy and complete Table 1.1. Use Figure 1.1 to help you classify each of the labelled bones of the skeleton.
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The bones of the vertebral column

This is made up of five regions. The bones in each of the regions are of different sizes and shapes and are all irregular bones. For example, the bones start off relatively small at the neck and increase in size as they need to support more of the body weight. Although the atlas and axis of the cervical region allow specific movements, the remaining vertebrae of the cervical, thoracic and lumbar regions all contribute to the movements possible at the spine, as they are jointed (see Figure 1.2). These movements are:


•  flexion (bending forward)

•  extension (bending backwards)

•  lateral flexion (bending sideways)

•  rotation (twisting and turning).





	BONES OF THE SKELETON
	CLASSIFICATION OF BONE
	ROLE IN PHYSICAL ACTIVITY



	Cranium
	 
	 



	Clavicle
	 
	 



	Scapula
	 
	 



	Vertebral column
	 
	 



	Ribs
	 
	 



	Sternum
	 
	 



	Humerus
	 
	 



	Radius
	 
	 



	Ulna
	 
	 



	Carpals
	 
	 



	Metacarpals
	 
	 



	Phalanges
	 
	 



	Pelvis
	 
	 



	Femur
	 
	 



	Patella
	 
	 



	Tibia
	 
	 



	Fibula
	 
	 



	Tarsals
	 
	 



	Metatarsals
	 
	 




Table 1.1 Classification of bones
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Figure 1.2 The vertebral column



Discs of cartilage ‘sit’ between the vertebrae that move (Figure 1.3).
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Figure 1.3 Vertebral discs



Use of the vertebral column in sport

The structure of the vertebral column makes it ideal to carry out its functions, all of which allow us to participate in sport.
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Actions

Look at the images in Figure 1.4. Discuss with a partner how the vertebral column assists these performers in their activities and compare your ideas with those shown.
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•  Movement of the head to aid technique (spotting landing, looking at track, tucking up in dive) by cervical vertebrae.

•  Protection of heart and lungs by thoracic vertebrae when three of the four performers ‘land’ (the diver, high jump and pole vault athletes shown in Figure 1.4).

•  Muscle attachment to allow the performers in Figure 1.4 to flex, extend or rotate as required by their technique.

•  Weight bearing for the sprinter (and for the other three performers in Figure 1.4 leading up to their aspect of flight, for example, run up for pole vault) by the sacral vertebrae.
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Figure 1.4





	NAME OF JOINT
	BONES THAT MAKE UP THE JOINT



	Neck
	 



	Elbow
	 



	Knee
	 



	Ankle
	 



	Hip
	 



	Shoulder
	 



	Wrist
	 




Table 1.2 Bones that form a joint
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Actions

Copy Table 1.2 and complete the second column using Figure 1.1.
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Classification of joints

Joints are responsible for ‘fitting’ the skeleton together, along with ligaments. A need for strength makes the bones rigid, but if the skeleton consisted of one solid bone, movement would be nearly impossible (try running without bending your legs, or throwing a ball without bending your arm), therefore we have joints. A joint is a place where two or more bones meet.

The bones you should have identified when completing Table 1.2 will all form joints. You need to know the joints listed in Table 1.2 and you need to be able to classify these joints and know the range of movement possible at each one.

You need to be able to classify the joints listed in Table 1.2 as either:


•  pivot (atlas and axis)

•  hinge (elbow, knee, ankle)

•  ball and socket (hip and shoulder)

•  condyloid (wrist)



(There are other joint types, but these are not currently part of your course.)

Joints are classified into certain types depending on the amount of movement that can be carried out at them. For example, the movement possible at your knee is different from the movement possible at the shoulder.

The shoulder joint is the most freely moveable in the body. This obviously presents an advantage in terms of sport – look at the arm action in the butterfly stroke for swimming, or the bowling action in cricket, both demand a high level of flexibility. You cannot achieve this amount of movement at any other joint in the body. The disadvantage is that it is a relatively unstable joint and can dislocate.

The knee joint is most likely to cause problems in later life due to overuse in sport. It is put under a great deal of pressure from pounding when running and turning and from the knocks it receives in contact sports. Knee injuries are most common in sports that require twisting movements and sudden changes of direction, such as football, rugby, basketball, netball and skiing.
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Study hints

Make sure you are familiar with the terminology that will be used in your exams. The knee is the name of the joint, but if asked to classify the knee joint you would need to know that it is a hinge joint.
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Movement at joints

The reason you need to know that there are different types of joints is that the type of joint will determine the type of movement we can do at that joint.

Movements at joints are known as joint actions and are given specific names, as shown in Table 1.3.
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Table 1.3 Joint actions
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Table 1.4 Bones that form the joints

You can see examples of different joint actions every time you watch a sports performer. The athlete in Figure 1.5 is straightening his arm as he begins to pull the paddle back through the water. He is therefore extending (joint action) the arm at the elbow (joint).

In examination questions you will normally be expected to state the joint action as well as the type of movement. Remember that there should be two parts to your answer, the joint and the action occurring at it. You might even be asked to analyse a movement shown in a single image or as a movement changes from one image to the next. If you do, look at the image given and describe the movement you see, giving the joint action, the joint, and if the question asks for it, the muscles responsible for the movement (but more on that in the next chapter!).
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Actions

Give examples of techniques from one of your practical activities (see activity list, p.216) that use each of the stated joint actions from Table 1.3.
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Actions

Name the joints and the joint actions occurring at A and B in Figure 1.6A and Figure 1.6B on p.10.
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Figure 1.5 Joint action in physical activity
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Figure 1.6 A
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Figure 1.6 B
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Actions



	Skill/technique
	Joint
	Joint action



	Sprint start (‘Set’)
	Knee
	 



	Hip
	 



	Elbow
	 



	Stationary, inverted position in a handstand
	Knee
	 



	Elbow
	 



	Kicking the ball in football
	Knee
	 



	Hip
	 



	Elbow
	 



	Bowling the ball in cricket
	Shoulder
	 



	Completing a cartwheel
	Elbow
	 



	Shoulder
	 




Table 1.5 Joint actions
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Actions

Use a photo of yourself or a peer or role model performing in sport or taking part in a PE lesson. Place the photograph in the centre of a sheet of plain paper. Choose four of the seven joints you have to study and draw a small box around each one as shown in Figure 1.7. On your paper state the name and type of joint and the joint action that is happening in the image.
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Figure 1.7
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Check your understanding


5. Which classification of joint provides the greatest range of movement?
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The role of tendons and ligaments

Tendons: these attach muscles to bones. They are very tough as they have to withstand the force of the muscle contraction required to move the bone. They are also flexible so that they can cope with the flexion and extension of the muscle. If there is sudden exertion, tendons can snap or tear. If this is the Achilles tendon (at the heel) the performer will be out of action for weeks or even longer. Tendons can also become inflamed, making further use of the muscle painful. This condition is called tendonitis and is normally associated with overuse, for example, where a sports performer has increased their training intensity a bit too quickly.

Ligaments: these join bone to bone. They stabilise the joint by supporting it and limiting its movement, helping to prevent dislocation and movements that might result in breaks of the bone to which they are attached. They are slightly elastic and can stretch during a long exercise session, making the joint slightly less stable. However, once the performer has rested, the ligament will normally return to its original length. The ligaments in the ankle and knee often suffer sprains.
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PRACTICE QUESTIONS


1. Explain why platelets are so important to performers in contact sports such as rugby.

2. Copy and complete the table about joints, joint classification and joint actions in physical activity.
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3. Using an example, explain the role of short bones.

4. Analyse the joint actions of the athlete in Figure 1.5.

5. Explain why an increase in the strength of a ligament could be beneficial to a performer.
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Summary

There are five functions of the skeleton that support our performance in physical activity and sport.


•  The bones of the skeleton can be classified as long, short, flat or irregular.

•  The bones of the skeleton form joints that allow a range of movement.

•  Joints are classified by the movement possibilities at the joint.

•  Ligaments stabilise the bones in the joints so they do not dislocate when we move.

•  Tendons attach muscle to bone, so when the muscle contracts we can move.
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Useful websites

Skeletal system: Facts, function and diseases

www.livescience.com/22537-skeletal-system.html

Infant skull and fontanelles

www.innerbody.com/image/skel01.html

Human anatomy – skeleton

www.bbc.co.uk/science/humanbody/body/factfiles/skeleton_anatomy.shtml
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Chapter 2 The muscular system and physical activity
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Learning goals

By the end of this chapter you should be able to:


•  classify muscles as voluntary, involuntary or cardiac and give examples of each type and their characteristics

•  locate and describe the functions and actions of the main muscles responsible for sporting movement

•  analyse the use of ‘antagonistic pairs’ of muscles to bring about movement in physical activity and sport

•  classify muscle fibres as either slow twitch or fast twitch, and link them to specific sporting activities due to their characteristics.



[image: ]



All sports performers need to be able to move. Movement is possible through the use of muscles, but not all muscles bring about movement.

Classification of muscles

Muscles can be voluntary, involuntary or cardiac. All are essential, but each type fulfils a different role within the body.

Cardiac muscle

Cardiac muscle is only found in the heart and is a special form of involuntary muscle, in that we have no direct conscious control over it. It also differs from voluntary muscle in that it does not tire, but continues to contract and relax throughout our lives. When the heart’s cardiac muscle contracts it squeezes the blood in the heart through and then out of the heart so blood can be circulated around the body. When our heart rate increases, the cardiac muscle contracts more often, increasing the speed that blood can leave the heart so that more blood can be circulated around the body per minute.

Involuntary muscle

Involuntary muscle is found in the walls of organs in the body; for example in the arteries where they control blood flow by altering the size of the lumen in the artery (see section on vascular shunting, p. 23). This is important to the performer as this will control oxygen delivery and removal of carbon dioxide.

Parts of the digestive tract have involuntary muscles, where the action of the muscle contracting squeezes food further along, so it can be digested and essential nutrients extracted for energy for the performer to use.

Involuntary muscles are also responsible for regulating the flow of air through the lungs. Involuntary muscles know when to contract because they react to what is happening within the body. This means that we do not have to consciously control them; as they work on their own as they need to ensure the body is functioning properly.
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Figure 2.1 Cardiac muscle
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Check your understanding


1. Name the three different classifications of muscle types found in the body.

2. Name the muscle covering the shoulder.
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Voluntary muscle

This is also referred to as skeletal muscle. It is the muscle type responsible for bringing about movement and maintaining body posture. We do think about using these muscles – they only move when we ask them to, in other words they are under our conscious control. See Figure 2.2 for the names of the muscles that you need to know for this course.

Functions of the voluntary muscular system and antagonistic muscle pairs

Figure 2.2 shows two volleyball players and a closer look at their muscular system.
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Figure 2.2 The muscular system



In order to bring about movement, our muscles contract – they can only pull, not push. They are attached to bones at both ends. One end is fixed and cannot move, so as the muscle contracts, the fixed end (the origin) pulls on the other end of the muscle, which is attached to a different bone. Because this end of the muscle can move (the insertion), it and the bone(s) it is attached to will be pulled towards the other end of the muscle and the bone it is attached to. Look at Figure 2.3 for an example. (Please note: you do not need




•  flexion of the arm at the elbow caused by the biceps and

•  extension of the arm at the elbow brought about by the triceps.






[image: ]




[image: ]



[image: ]




[image: ]




[image: ]



[image: ]




[image: ]




[image: ]



3. Think about the location of the hamstrings. Which joint do they move? Will they flex or extend this joint?
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•  State the action at the joints involved in the techniques.

•  State the muscles responsible for bringing about the actions.

•  State the antagonistic muscle that was relaxing to allow the movement to take place.

•  State the type of joint where the action took place.

•  Name the antagonistic muscle pairs that were used in the 1-minute video.
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Characteristics of fast and slow twitch muscle fibre types





•  large amounts of myoglobin

•  a large number of mitochondria

•  a good capillary network.
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4. Name the antagonistic muscle pair that allows movement of the ankle.

5. Which muscle fibre type can contract the most forcibly?
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•  type IIa fibres are thought to be a ‘hybrid’ of type I and type IIx and they have some of the properties of each. With appropriate training it is thought that these muscle fibre types can be adapted to either be better for endurance or for power events by improving the relevant characteristics of the fibre type.

•  type IIx fatigue easily as they do not have the myoglobin, mitochondria or large capillary network of slow twitch fibres. However, they can contract very quickly. This means they can generate more power than slow twitch fibres and type IIa, therefore they would be good for events requiring speed or large amounts of force.
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•  sprint start

•  sprint finish of 3000 metres

•  middle of 3000 metres

•  holding a handstand

•  elite tennis player serving an ace in tennis

•  footballer maintaining quality of play over length of match

•  gymnast performing a tumbling routine as part of a floor routine
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	ANTAGONISTIC PAIR
	JOINT
	MUSCLE ACTION/ROLE



	Triceps
	Elbow
	Extends lower arm at the elbow



	Biceps
	Flexes arm at the elbow



	Gluteus maximus
	Hip
	Extends the leg at the hip



	Hip flexors
	Flexes the leg at the hip



	Quadriceps
	Knee
	Extends the leg at the knee



	Hamstrings
	Flexes the leg at the knee



	Gastrocnemius
	Ankle
	Plantar flexion of the foot



	Tibialis anterior
	Dorsi-flexion of the foot
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1. Explain how one characteristic of involuntary muscles makes them suitable for their role.

2. Read each statement and identify the muscle responsible for the stated action.




    (a)  The __________________ and ___________________ allows movement of the leg at the hip to improve their running technique.

    (b)  The ________________________ allow the player to extend the leg at the knee after the shot.




3. Describe how antagonistic muscle action at the elbow is used in the racket arm during a tennis serve.

4. Explain why high numbers of capillaries in slow twitch muscle fibres is an advantage for endurance runners.

5. Explain why a long distance runner would also benefit from some type IIx muscle fibres.
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•  Muscles can be classified as voluntary, involuntary or cardiac.

•  Each voluntary muscle has a specific function.

•  Muscles are organised into antagonistic pairs to bring about movement.

•  Muscles are made up of muscle fibres. These muscle fibres can be classified as type I, type IIa or type IIx.

•  Each muscle fibre type is suited to a particular type of activity.
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NAME OF JOINT | BONESTHAT MAKE UPTHE JOINT IMAGE OF THE JOINT
Elbow Humerus, radius and ulna (Joint 1) and radius and ulna (Joint 32)
Shoulder Humerus
Scapula
Hip Femur
Hip (the fused bones of the ilium, ischium and pubis)
Knee Femur
Tibia
(Although the fibula is next to the tibia itis not involved in the
movement at the joint. Similarly, the patella is there to protect the
front of the joint)
Neck Atlas
Axis
(This is the name commonly given to this joint rather than neck)
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JOINT ACTION DESCRIPTION OF ACTION | EXAMPLE FROM SPORT | EXPLANATION

Flexion Bending a limb at a joint The elbow of the ball
handler is bent
Extension Straightening a limb at a The arm holding the
joint discus is straight
Abduction Movement of a limb The gymnast's legs
sideways away from the have been moved
centre of the body sideways away from
the centre of the
body
Adduction Movement of a limb The gymnast's legs
sideways towards the have moved together
centre of the body
Rotation Circular movement around The swimmer's arms

Circumduction

the joint

Conical movement allowing
360° rage of moverment

make a circular action
to complete the
butterfly stroke

Dorsi-flexion

Bending of the foot at
the ankle to pull the toes
towards the shin

The long jumper is
leading with their
heels, trying to get
them as far forward in
the long jump pit as
possible

Plantarflexion

Bending of the foot at the
ankle to point the toes
away from the shin

The footballer is
pointing their toes as
they follow through

from striking the ball
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USCLE

CLE ACTION/ROLE

EXAMPLE USE

\TIONTO EXERCISE
IS MUSCLE

Triceps Extends lower arm at the elbow Volleyball player has arms
outstretched to block the ball

Biceps Flexes arm at the elbow Tennis serve — racket preparation,
when racket is behind head

Deltoids Abducts upper arm at the shoulder | Preparation for a cartwheel in
gymnastics

Pectorals Adduction of upper arm at the Am action in front crawl (pul)

shoulder

Latissimus dorsi

Adducts and rotates the humerus
at the shoulder (draws the arm back
and in towards the body)

Pulling the arm back in archery

External obliques

Laterally flex and rotate spine

Follow through at the hips after
driving a golf ball

Gluteus maximus

Extends the leg at the hip

Running action, one leg s left
stretched back behind the other

Hip flexors Flexes the leg at the hip Allows you to lft the knee when
running

Quadriceps Extends the leg at the knee Follow through after kicking a ball
in football

Hamstrings Flexes the leg at the knee Taking the leg back in preparation

to strike the ball in a drop goal
attempt in rugby

Gastrocnemius

Plantar flexion of the foot

Going up onto toes prior to take
off in a diving competition

Tibialis anterior

Dorsi-flexion of the foot

Driving heel forward with toes up
inleg shoot in long jump
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Cervical vertebrae
“The first vertebra s called the atlas. This
supports the weight of the head and
allows us to nod our heads up and
down; the second s the as, which
shakes our heads (these actions could
not happen without the use of muscles).
“The cervical vertebrae allow muscle
attachment (e.g. trapezius). These
vertebrae provide the most movement
within the vertebral column.

Coccyx
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Joint

Joint Classification

Joint action

Use in physical activity

Knee Hinge Creating more power as the
ball is kicked

Ankle Hinge Plomtar-flexion

Shoulder Circumduction Bowling in cricket

Hip Ball and socket Pike jump in trampolining
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Vertebra (see Figure 1.2)
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