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Students should be able to: 
• Describe and justify the structure and function of 

the muscular system and the muscles needed for 
sporting movement;

• Describe the structure of muscles: muscle fibre 
types;

• Discuss and interpret the effect muscle composition 
has on choice of sporting activity;

• Explain and discuss how a performer can vary the 
strength of a muscle contraction by focusing on 
the role of motor units in spatial summation, wave 
summation and a tetanic contraction, ‘all or nothing 
law’.

• Explore types of muscle contraction and examples 
of activities using each form of contraction. 

Course Content

Importance of the Muscular System

The human body is a very complex ‘machine’ capable of 
performing an almost infinite variety of tasks through the 
combination of mechanical, chemical, electrical and mental 
processes. Muscles provide the force needed to allow the 
body to move. There are three types of muscle; namely 
cardiac muscle, smooth (or visceral) muscle and skeletal (or 
voluntary) muscle. The structure and function of the 430 
skeletal muscles found in the body is the focus of this fact 
file.

Unit A2 2: The Application of Science to Sports Performance
The Muscular System

Learning Outcomes

and the active leisure industry

The Muscles of the Human Body

Movement results from the contraction (shortening) and 
extension (lengthening) of different muscle groups. The 
function of a muscle group will influence the shape of 
the muscle, it’s strength and the range of movement of a 
contraction. There are two types of muscle shape: 

• Fusiform: Look like a spindle.
  Vary in strength.
  Large range of movement
  Join to a tendon at each end.
• Pennate: Look like a feather.
  Very strong.
  Limited range of movement.
  Join to a central tendon:
 - Unipennate
 - Bipennate
 - Multipennate

ADDITIONAL WORK

Research and describe the three types of Pennate muscle 
shape. Give an example of where each one is found in the 
body and its function.
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Muscle Cell Structure During Contraction 

Resting or Relaxed Muscle
Sarcomeres consist of thick filaments of myosin and thin 
filaments of actin, as shown in the diagram, these give the 
muscle light and dark bands hence the name striped 
muscle.  The actin filament contains molecules of 
tropomysin and troponin which block the myosin binding 
points whilst the Sarcomere muscle is at rest.

Working or Contacted Muscle
When the muscle receives a neural impulse to contract 
calcium ions are released in the sarcoplasm. These 
Ca++ ions attach to the troponin, this causes the active 
binding points to be exposed, allowing the myosin heads
H zone disappears to attach to the actin. The actin-myosin 
cross-bridges detach and reattach rapidly to the next 
active actin site which pulls the thin filaments of actin 

over the thicker myosin filaments. In this way the Z lines, 
which mark each end of the sarcomere, are pulled closer 
together (contraction). This action repeated millions of 
times results in the muscle movements required. When the 
calcium ions are reabsorbed the troponin-tropomyosin will 
block the actin-myosin cross-bridge binding points and the 
muscle will relax. This process is known as Sliding Filament 
Theory.

The Control of Muscular Actions

• Motor Units consisting of a motor neuron and group of 
Impulse muscle fibres are responsible for co-ordinated 
Dendrites movements. 
 

• A motor neuron is made up of four main parts:
-   the cell body containing the cell nucleus, cytoplasm  

and mitochondria;
-   dendrites which receive electical impulses from the  

spinal cord and transmit them to the cell body;
-   the axon links the cell body to muscle fibres, as it 

reaches the muscle the axon splits into branches to 
myelin allow a single cell to control many muscle 
fibres;

-   motor end plates connect the axon to the muscle 
cell allowing the motor nerve to stimulate the 

  muscle fibres and cause muscle contractions.  

• Muscle contractions occur when neural messages are   
transmitted by an electrochemical process from the  
Central Nervous System to muscle fibres via a motor  
unit.

 
Muscle Types and Muscle Composition

The speed of contraction of a muscle is controlled by the 
proportion of fast twitch and slow twitch fibres in the 
muscle. This also influences the force produced during a 
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Tendons consist of collagen 
fibres and are very strong They 
attach skeletal muscle to the 
periosteum covering a bone.
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Connective tissue surrounds the 
muscle (epimysium), the muscle 
bundle (perimysium) and muscle fibres 
(endmysium), these layers give the 
muscle it’s shape and a smooth surface 
to allow other muscles, muscle bundles 
and muscle fibres to glide against during 
contractions. All three layers of connective 
tissue are connected to each other and 
the tendon which allows movement to 
place when the muscle contracts.

Myofibrils consist of 
long lines of sarcomeres 
which are the basic 
operational building 
blocks for muscle 
contractions

The Structure of Skeletal MuscleThe Structure of Skeletal Muscle.
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Muscle Cell Structure During Contraction.

Actin       Myosin Z line Resting or Relaxed Muscle.
Sarcomeres consist of thick filaments of 
myosin and thin filaments of actin, 
as shown in the diagram, these give the 
muscle light and dark bands hence the 
name striped muscle. The actin filament
The actin filament contains molecules of

I Band      H zone tropomysin and troponin which block
     A Band the myosin binding points whilst the 
   Sarcomere muscle is at rest.

Working or Contacted Muscle.
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impulse to contract calcium ions are
released in the sarcoplasm. These 
Ca++ ions attach to the troponin, this 
causes the active binding points to
be exposed, allowing the myosin heads
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Connective tissue surrounds the muscle 
(epimysium), the muscle bundle (perimysium) and 
muscle fibres (endmysium), these layers give the 
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muscle contracts.
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skeletal muscle to the periosteum 
covering a bone.

Myofibrils consist of long lines of 
sarcomeres which are the basic 
operational building blocks for 
muscle contractions
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The Effect of Training on Muscle Fibres

The table shows individuals are born with fairly equal 
amounts of fast twitch and slow twitch fibres. The 
proportions change as the individual gets older according 
to activity / sporting experiences at an early age, type of 
training over long periods of time and genetics. The key 
points are:
• Fast twitch fibres can be made faster and stronger with 

correct training methods (speed, power, plyometric 
training).

• Fast twitch can become ‘slower’ through prolonged low 
intensity endurance training.

• Type IIb muscle fibres can be converted to Type IIa 
muscle fibres. 
 

 ADDITIONAL WORK

Choose a sport and examine the importance of muscle fibre 
types to  performance in that sport.

Researchers have identified up to seven different types 
of muscle fibres, Type IIc is one of these. What are the 
characteristics of Type IIc muscle fibre?
 

The ‘All or Nothing’ Law: 
Muscle contractions are an ‘all or nothing’ process. Until a 
stimulus reaches the critical level none of the muscle fibres 
in the motor unit will contract, once it reaches the critical 
level all the muscle fibres in the motor unit will contract at 
the same time. There is no partial contraction.

Controlling the Force of a Contraction: 
The strength of a movement is controlled by the number 
of motor units recruited by the central nervous system to 
complete the required movement and by the frequency 
contraction. 

- Not all the motor units within a muscle will be needed 
for a fine skill or gentle movement, whilst all the motor 
units may be needed for a gross skill or a dynamic 
movement. 

- A slow frequency of contractions will produce light or 
weak contractile forces, whilst a rapid frequency will 
produce stronger contractions.

- Slow twitch fibres are normally recruited first in any 
movement, fast twitch muscles are only recruited 
when the intensity of the movement reaches a certain 
level. 

contraction and level of endurance of a muscle. Muscle 
consists of different types of muscle fibres, the proportion 
of each muscle fibre type within a muscle or the body 
influences the physical potential of the individual. The 
functional characteristics of the different types of muscle 
fibre are outlined in the following table:

Slow twitch fibres are smaller and contract at about one 
fifth of the rate of fast twitch fibres. Their high oxidative 
structure makes them very resistant to fatigue

Fast twitch fibres are larger, produce greater force faster 
but tire rapidly.

ADDITIONAL WORK

Research and explain how the structural characteristics of 
the different muscle types influences the types of activities 
in which an athlete may take part.

Summary of the influence of muscle fibre type 
on performance

The table shows the percentage of fast twitch fibres in the 
muscles of athletes from a range of different sports. It shows 
athletes with high proportions of fast twitch fibres are 
best suited to activities involving short intense periods 
of work (sprinting and shot putt), whilst those with a low 
percentage of fast twitch muscle (high percentage of slow
twitch fibres) are best suited to endurance events (long 
distance running or cross country skiing).

Individual / Activity % fast Twitch Muscle Fibres

Male Female

Baby 45-55 45-55

Untrained 55 45

Distance runner 20 30

Cross-country skier 35 40

Middle distance runner 30-35 35-40

Club cyclist 30-40 35-45

Sprinter 80 75

Shot putter 75 70

2.   Isotonic Muscle Contractions (including Isokinetic Muscle Contractions):
Isotonic contractions involve movement around a joint.
The agonist shortens and the antagonist lengthens to
Initiate movement around the joint.
If the contraction is at a fixed speed against a variable
resistance it is an Isokinetic Muscle Contraction. 
Contractions of this type can only be carried out in a 
laboratory or specialist training facility using
isokinetic training machines.

3.   Eccentric Muscle Contractions:
Eccentric contractions involve a muscle lengthening as 
it 'contracts' to apply force. This involves the 
antagonist muscle controlling the speed of movement 
around a joint as it extends.
This type of contraction produces great force but can 
also cause high levels of muscle soreness. 

Muscle Types and Muscle Composition.

The speed of contraction of a muscle is controlled by the proportion of fast twitch and slow twitch fibres
in the muscle. This also influences the force produced during a contraction and level of endurance of a 
muscle. Muscle consists of different types of muscle fibres, the proportion of each muscle fibre type 
within a muscle or the body influences the physical potential of the individual. The functional 
characteristics of the different types of muscle fibre are outlined in the following table:

Names

Slow Twitch 
Muscle Fibres

Fast Twitch 
Muscle Fibres

Type 1 Type IIa Type IIb
Fast twitch high oxidative 

glycolytic (FOG)
Fast twitch glycolytic

(FTG)
Contractile time Slow Medium Fast
Relaxation time Slow Medium Fast

Fibre size Small Medium Large
Fibres per motor unit 10-180 300-800 300-800

Fatigue level Low Medium High
Glycogen stores Low High High

Recruitment order First Second Third
Energy source Aerobic Aerobic / Anaerobic Anaerobic
Creation of ATP High Medium Low

Examples

Endurance Fast running / cycling Flat out sprint

Slow twitch fibres are smaller and contract at about one fifth of the rate of fast twitch fibres. Their 
high oxidative structure makes them very resistant to fatigue

Fast twitch fibres are larger, produce greater force faster but tire rapidly.

Additional Work: Research and explain how the structural characteristics of the different muscle 
types influences the types of activities in which an athlete may take part.
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ADDITIONAL WORK

Examine differences in the nature and distribution of motor 
neurons in fast and slow twitch muscle fibres. 
 
Explain how the recruitment of slow and fast twitch fibres 
leads to the onset of fatigue during strenuous activity.

Wave Summation:
Contractile strength is increased if a motor unit is 
continuously activated by a stimulus before it has 
completely relaxed from the previous contractions. This is 
called Wave Summation as the force produced grows in a 
series of waves until a point where the stimuli are so fast 
that there is no relaxation possible, this is termed a Tetanic 
or Absolute Contraction.

Spatial Summation

Motor units within a muscle are activated at slightly 
different times and not all together. By spreading out the 
contraction and relaxation, the muscle is able to sustain a 
continuous contraction over a period of time; not just a split 
second. This staggering of contractions within a muscle is 
called Spatial Summation.

Applied Muscle Physiology:   Muscle Fibre Types, Types 
of Contraction and Movement

Contractions of different muscles are the basis for moving 
different parts of the body. The nature of this movement 
depends on the arrangement of the muscles, connective 
tissue and the skeleton. Movement occurs around synovial 
joints that connect different bones within the skeleton 
(knee joint, shoulder joint), muscle are arranged to make 

the bones connected to the joint move in relation to each 
other. 

To do this muscles are arranged in opposing pairs to bend 
or straighten a joint: 
  
Flexors bend a joint.
Extensors straighten a joint
Agonist (Prime Mover): the muscle that shortens or  
contracts to move a joint: the bicep muscles in the   
lifting phase of a barbell curl.
Antagonist: the muscle that lengthens or relaxes to move a 
joint: the triceps muscle in the lifting phase of a bicep curl. 
(Note: In the lowering phase of a bicep curl the agonist 
and antagonist will reverse roles the triceps becomes the 
agonist and the bicep the antagonist.)
Additional Fixator and Synergist muscles stabilise the 
joint, allowing the agonist muscle to function and move the 
joint.

Within the basic model of muscle contractions; four distinct 
types of contraction can be identified:

1. Isometric Muscle Contractions: 
Isometric 
contractions take 
place when the 
force applied by a 
muscles is equal 
to (or less than) 
the resistance it is 
trying to move. The 
muscle remains 
the same length 

as it ‘contracts’ to apply force, there is no shortening or 
lengthening of the muscle. 
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Single Wave   Tetanic Contraction
Contraction     Summation      

Force of Wave Summation and
Contraction Tetanic Contraction

S S   S S    S   S  S S S S S S
Frequency of Stimuli

Spatial Summation:

Spatial Summation for Four Muscle Fibres Motor units within a muscle are
activated at slightly different times and

1   2    3   4 not all at the same instant. By
spreading out the contraction and
relaxation the muscle is able to sustain
a continuous contraction over a period
of time; not just a split second. This
staggering of contractions with a

  S  S S  S   S   S  S  S     S   S    S   S   S    S  S  S muscle is called Spatial Summation.

Stimuli / Time

Applied Muscle Physiology:   Muscle Fibre Types, Types of Contraction and Movement

Contractions of different muscles are the basis for moving different parts of the body. The nature of this 
movement depends on the arrangement of the muscles, connective tissue and the skeleton. Movement 
occurs around synovial joints that connect different bones within the skeleton (knee joint, shoulder 
joint), muscle are arranged to make the bones connected to the joint move in relation to each other. 

To do this muscles are arranged in opposing pairs to
bend or straighten a joint:
Flexors bend a joint.

Movement Extensors straighten a joint
Agonist (Prime Mover): the muscle that shortens or 

Bicep contracts to move a joint: the bicep muscles in the 
Agonist lifting phase of a barbell curl.

Antagonist: the muscle that lengthens or relaxes to 
        Triceps move a joint: the triceps muscle in the lifting phase of 
        Antagonist a bicep curl. (Note: In the lowering phase of a bicep 

curl the agonist and antagonist will reverse roles
    Flexor        Extensor the triceps becomes the agonist and the bicep the

antagonist.)
Additional Fixator and Synergist muscles stabilise 
the joint, allowing the agonist muscle to function and 
move the joint.

Within the basic model of muscle contractions; three distinct types of contraction can be identified:

1.   Isometric Muscle Contractions:
    Isometric contractions take place when the force applied

by a muscles is equal to (or less than) the resistance
it is trying to move. The muscle remains the same length
as it 'contracts' to apply force, there is no shortening or
lengthening of the muscle.

Wave Summation and Tetanic Contraction

Single Wave   Tetanic Contraction
Contraction     Summation      

Force of Wave Summation and
Contraction Tetanic Contraction

S S   S S    S   S  S S S S S S
Frequency of Stimuli

Spatial Summation:

Spatial Summation for Four Muscle Fibres Motor units within a muscle are
activated at slightly different times and

1   2    3   4 not all at the same instant. By
spreading out the contraction and
relaxation the muscle is able to sustain
a continuous contraction over a period
of time; not just a split second. This
staggering of contractions with a

  S  S S  S   S   S  S  S     S   S    S   S   S    S  S  S muscle is called Spatial Summation.

Stimuli / Time

Applied Muscle Physiology:   Muscle Fibre Types, Types of Contraction and Movement

Contractions of different muscles are the basis for moving different parts of the body. The nature of this 
movement depends on the arrangement of the muscles, connective tissue and the skeleton. Movement 
occurs around synovial joints that connect different bones within the skeleton (knee joint, shoulder 
joint), muscle are arranged to make the bones connected to the joint move in relation to each other. 

To do this muscles are arranged in opposing pairs to
bend or straighten a joint:
Flexors bend a joint.

Movement Extensors straighten a joint
Agonist (Prime Mover): the muscle that shortens or 

Bicep contracts to move a joint: the bicep muscles in the 
Agonist lifting phase of a barbell curl.

Antagonist: the muscle that lengthens or relaxes to 
        Triceps move a joint: the triceps muscle in the lifting phase of 
        Antagonist a bicep curl. (Note: In the lowering phase of a bicep 

curl the agonist and antagonist will reverse roles
    Flexor        Extensor the triceps becomes the agonist and the bicep the

antagonist.)
Additional Fixator and Synergist muscles stabilise 
the joint, allowing the agonist muscle to function and 
move the joint.

Within the basic model of muscle contractions; three distinct types of contraction can be identified:

1.   Isometric Muscle Contractions:
    Isometric contractions take place when the force applied

by a muscles is equal to (or less than) the resistance
it is trying to move. The muscle remains the same length
as it 'contracts' to apply force, there is no shortening or
lengthening of the muscle.

ExtensorFlexor

Biceps
Agonist

Triceps
Antagonist
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2. Isotonic Muscle Contractions (including Isokinetic 
Muscle Contractions): 

Isotonic 
contractions 
involve movement 
around a joint. The 
agonist shortens 
and the antagonist 
lengthens to 
Initiate movement 
around the joint. 
If the contraction 

is at a fixed speed against a variable resistance it is an 
Isokinetic Muscle Contraction. Contractions of this 
type can only be carried out in a laboratory or specialist 
training facility using isokinetic training machines. 

3.   Concentric Muscle Contractions:
Concentric muscle 
contraction involve a 
muscle shortening as 
it ‘contracts’ to apply 
force. Concentric 
contractions are 
the most common 
types of muscle 
activation athletes 
perform in a gym 
when lifting weights. 
Common exercises 
that cause concentric 
contractions include 
the lifting phase of a 
bicep curl, a squat or 

a pull up. Running up hill or climbing stairs also causes 
the quadriceps to contract concentrically. Concentric 
contractions are common to many sports in which you 
need to generate a lot of power or explosive force.

4.   Eccentric Muscle Contractions:
Eccentric 
contractions 
involve a muscle 
lengthening as it 
‘contracts’ to apply 
force. This involves 
the antagonist 
muscle controlling 
the speed of 

movement around a joint as it extends. This type of 
contraction produces great force but can also cause 
high levels of muscle soreness. 
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