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3 Movement analysis

Muscle contractions: isotonic and isometric
There are two types of muscle contraction:

●● isotonic 
●● isometric.

An isotonic contraction occurs when the muscle changes length as it 
contracts to cause movement. The length of a muscle can get shorter 
(concentric) or longer (eccentric).

●● Concentric/isotonic contractions occur when the muscle contracts 
and shortens. An example is when the biceps concentrically contracts 
to cause f lexion at the elbow.

●● Eccentric/isotonic contractions occur when the muscle lengthens as 
it contracts. This is usually associated with controlling or slowing 
down a movement. When the biceps concentrically contracts to cause 
f lexion at the elbow, the triceps eccentrically contracts (lengthens) to 
control the movement. 

●● Isometric contractions involve the muscle contracting but staying the 
same length. For example, this may be to hold a balance or remain in a 
press-up position. 

Concentric Eccentric Isometric

Figure 3.1 Flexion and extension at the elbow

Exam practice
1  Which of the following describes an isometric contraction?  

Tick one box only.    [1]
a  shortening of the muscle  
b  isotonic contraction  
c  lengthening of the muscle  
d  held contraction length  

2  Analyse the contraction of muscles that takes place in the  
upwards and downwards phase of a biceps curl.    [3]

Exam tip

Try to remember that 
isotonic contractions can be 
concentric or eccentric.

Revision activity

Practise your knowledge 
by ‘doing and saying’. Do 
or hold a movement and 
say which muscles are 
contracting isotonically or 
isometrically.

Typical mistake

It is a common mistake to 
forget to write whether a 
contraction is concentric or 
eccentric. It is more detailed 
to include this rather than 
simply stating isotonic.

Now test yourself
1  What is a concentric 

contraction?
2  What is an eccentric 

contraction?
3  What is an isometric 

contraction?
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Muscle contractions: antagonistic muscle action
Muscles work in pairs to act on a joint. As one muscle pulls the bone 
to cause movement, the other is able to pull the bone in the opposite 
direction. As one muscle contracts, the other relaxes (and vice versa). This 
is known as antagonistic muscle action. 

One example of this is at the elbow. In basic terms during the upwards 
phase of a biceps curl, the biceps contracts (concentrically), allowing the 
arm to f lex (bend). Thus the biceps is the agonist or the prime mover – 
the muscle causing the movement. At the same time the triceps will be 
relaxing as the antagonistic partner. 

The movement of antagonistic pairs can be seen in Figure 3.2.

DA CB

Figure 3.2 The movement of antagonistic pairs

In Figure 3.2:
●● Picture C to D shows f lexion at the elbow. The biceps is the agonist 
and the triceps the antagonistic partner.

●● Picture A shows the arm extended. This has occurred due to 
concentric contraction of the triceps (the agonist). The biceps will have 
relaxed as the antagonistic partner. 

●● Picture C to D shows extension of the leg at the right knee. The 
agonist is the quadriceps, which have concentrically contracted to 
cause the f lexion. The hamstrings have acted as the antagonist.

Exam practice
1  Complete the table to show the type of muscle contraction, the main 

agonist and the joint action occurring at the knee when performing 
the phases of a squat.    [3]

Type of contraction Main agonist Joint action

Upwards phase Concentric Quadriceps

Downwards phase Flexion

2  Complete the table to show the type of muscle contraction, the main 
agonist and the joint action occurring at the ankle when performing 
the phases of a squat.    [3]

Type of 
contraction Main agonist Joint action

Upwards phase Gastrocnemius

Downwards phase Eccentric Dorsiflexion

Antagonistic pair: muscles 
that work as pairs to do the 
opposite to each other.

Revision activity

Work in pairs. Choose 
a sporting movement 
that occurs at the elbow, 
knee or hip. Explain to a 
revision partner how this 
movement takes place 
and what muscle/s are the 
antagonistic pairs.

Typical mistake

It is a common error to rush 
questions on muscles that 
have caused movement. 
Time should be taken to 
decipher what movement 
is taking place and how it 
occurs.

Now test yourself
1  What is an agonist 

muscle?
2  What are antagonistic 

pairs?
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Lever system 
Levers are made of three basic parts: the fulcrum/pivot, 
the effort and the load. The fulcrum/pivot provides a 
fixed point about which a movement takes place. The 
effort shows the force that causes the movement and 
the load acts against the force of the effort. 

It is important that you can link each classification 
of lever to practical examples and the mechanical 
advantage involved in the movement. 
A summary of examples is provided in Table 3.1.

Triceps

Effort

Fulcrum

Resistance

Figure 3.3 The first class lever system at the elbow 
joint

Table 3.1 Classification of levers and examples

Classification 
of lever

Diagram Practical example Mechanical 
advantage

First class 
lever Resistance

Fulcrum
Effort

Load arm  

Effort arm

●  Triceps extension 
at the elbow

●  Effort arm is 
comparatively 
small 
therefore 
advantage is 
low

Second class 
lever

Effort arm

ResistanceEffort

Load arm  ●  Plantar flexion at 
the ankle

●  Largest 
effort arm. 
Larger effort 
arm than 
resistance 
arm therefore 
mechanical 
advantage is 
high

Third class 
lever

Resistance

Effort

Fulcrum

Effort arm

Load arm  ●  Other movements 
including upwards 
phase of a biceps 
curl/ shoulder 
movement and 
knee movement, 
e.g. flexion of 
the knee when 
running

●  Hamstrings create 
the effort, the 
lower leg the load, 
and the hinge joint 
at the knee the 
fulcrum

●  Resistance 
arm is bigger 
than effort 
arm therefore 
advantage is 
low 
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Mechanical advantage is calculated by dividing the length of the effort 
arm by the length of the resistance arm. Thus you can see that the 
second class lever has the longest effort arm, longer than the resistance 
arm. This allows the second class lever (at the ankle) to have the highest 
mechanical advantage. 

As a first class lever has the longest resistance arm (compared to the small 
effort arm), it has the lowest mechanical advantage. This is sometimes 
called mechanical disadvantage. 

Revision activity

1  Name and draw the lever system operating during the following 
movements:
a   upwards phase of a biceps curl
b   throwing a football during a ‘throw in’
c   rising onto toes to reach high for a basketball shot
d   bending knee (flexion) to then kick a football
e   abduction of the shoulder

Now test yourself
1  What is the rhyme to remember the middle points of a lever?
2  Name where a first class lever can be found in the body.
3  Name where a second class lever can be found in the body.
4  Name where a third class lever can be found in the body.

Exam practice
1  Identify the difference in the  

mechanical advantage of a first class  
and second class lever system.             [2]

2  Figure 3.4 shows an athlete jumping.  
Identify the order of lever that has  
operated at the ankle, allowing the  
woman to jump.                          [1]

Mechanical advantage: 
the efficiency of a lever in 
moving a load.

Exam tip

Remember you can assist 
your knowledge by using the 
rhyme:

1, 2, 3 …F, L, E 
●● Thus a first class lever 

has an F in the middle.
●● A second class lever has 

an L in the middle.
●● A third class lever has an 

E in the middle.

Typical mistake

Students often suggest that 
movement at the elbow is a 
third class lever. However, 
this is only true if the arm is 
flexing using the biceps. If 
the arm is extending using 
the triceps then this a first 
class lever. 

Figure 3.4
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Planes and axes of movement: planes
Movement can occur in or along a plane. All movements can be said to 
be moving in one of three planes:

●● sagittal: forwards and backwards movement
●● frontal: side-to-side movements
●● horizontal/transverse: rotational/turning in certain ways.

Transverse plane
(rotation)

Sagittal plane
(extension/flexion)

Frontal plane
(abduction/adduction)

Figure 3.5 The planes of movement

Using a physical activity like gymnastics you can analyse how varying 
movements occur in a plane. Examples include: 

●● sagittal plane: forward roll and somersault (forwards movements)
●● frontal plane: cartwheel
●● horizontal/transverse: log roll and half twist.

Now test yourself
1  What is the body doing when moving in the sagittal plane? 
2  What is the body doing when moving in the frontal plane?
3  What is the body doing when moving in the horizontal/transverse 

plane? 

Exam practice
1  Identify the plane in which running forwards in a straight line 

occurs. Tick one box only.    [1]
a  frontal plane  
b  sagittal plane  
c  transverse/ horizontal plane  
d  all of the above 

2  Name the plane of movement in which a basketball player would 
move when performing side steps. (WJEC only)    [1] 

3  Evaluate how important movement in the sagittal plane is when 
sprinting the 100m.    [3] 

Exam tip

You can remember the 
planes of movement by 
using the first letter:

●● Sagittal plane divides you 
into sides.

●● Transverse plane divides 
you into top and bottom.

●● Frontal plane divides you 
into front and back.

Typical mistake

Students often remember 
that the sagittal plane 
cuts you into sides but 
often mistakenly suggest 
it is sideways movement. 
Although you are cut into 
sides, movement in the 
sagittal plane involves 
forwards and backwards 
movements.

Revision activity

Using a sport of your choice, 
write down movements that 
occur in:

●● the sagittal plane
●● the frontal plane
●● the horizontal/transverse 

plane. 
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Planes and axes of movement: axes 
Movements occur around an axis. Rotating around 
an axis can occur in one of three ways:

●● longitudinal: during movements in the 
transverse plane

●● horizontal/transverse: during movements in 
the sagittal plane

●● frontal/anterior/posterior: during movements 
in the frontal plane.

Longitudinal axis
(rotation)

Horizontal/transverse axis
(extension/flexion)

Frontal/anterior/
posterior axis
(abduction/
adduction)

Figure 3.6 The axes of rotation

Exam tip

It is important that you can link your knowledge 
of planes and axes to movements. Remember: 

●● Longitudinal/vertical axis is the longest/
Vertical is very long

●● Transverse axis is like a table footballer
●● Frontal axis goes in through your front.

Try to remember what muscles are used to 
carry out each movement in the tables below, for 
example, flexion at the arm is caused by the biceps. 

Revision activity 

From a team game of your choice, can you think 
of other examples of movement in the stated 
planes and around the stated axes?

Table 3.2 Applying planes and axes to movements

Plane Axis Movement Example

Sagittal Horizontal/
transverse

Flexion/extension Walking, running, front somersault, flexion/
extension at the elbow when throwing, flexion/
extension at the knee when kicking a ball

Frontal plane Frontal/anterior/
posterior

Abduction/adduction Star jump

Horizontal/
transverse

Longitudinal/
vertical

Rotations Ice skating spin, discus throw (rotation), 
rotational action when throwing cricket ball

Now test yourself
1  What is the body doing when rotating around the longitudinal axis?
2  What is the body doing when rotating around the horizontal/

transverse axis?
3  What is the body doing when rotating around the frontal/anterior/

posterior axis? 

Typical mistake

Students often confuse the 
names of the planes with the 
names of the axes. However, 
you must remember that 
movement occurs in a plane 
and around an axis. 

Exam practice
1  Complete the table below to give examples of gymnastic movements in each of the planes.  

Justify your answers.    [6]

Movement Example Justification

In the sagittal plane and around the 
transverse axis

In the frontal plane and around the 
frontal axis

In the transverse plane and around 
the longitudinal axis
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Sports technology for the performer

Technological advancements can play a part in preparation, analysis and 
recovery for a performer. Technology can help to improve performance. 
Although there are many advancements, a few examples are outlined below.

●● Monitors: heart rate monitors, pedometers and blood pressure readers 
can allow an athlete to monitor their body’s responses with the aim of 
maintaining physical health and well-being. 

●● Analysis of performance: performers can analyse aspects of 
performance using computer-assisted software. Cameras record 
performance for analysis and specialised software packages allow 
performers to watch their performance in slow motion or track the 
trajectory of objects they kick, hit or throw. 

●● GPS: GPS allows performers to monitor their movement and analyse 
how many metres have been run. 

●● Nutrition: software programs allow athletes to monitor their nutrition 
in a more detailed manner than ever before as part of their preparation 
for an event. 

●● Equipment: examples include footwear for footballers, clothing that 
reduces air resistance in cycling, and specialised prosthetic limbs for 
athletes with disabilities. 

●● Recovery: performers can now make use of technology to recover quicker. 
Ice baths are often used to f lush the muscles with oxygen-rich blood. 

●● Hyperbaric chamber: provides a high level of oxygen and can assist 
with injury and rehabilitation. 

Table 3.3 Advantages and disadvantages of technology to the performer

Advantages Disadvantages

●  Health and well-being can be monitored
●  Performance can be analysed
●  Nutrition can be monitored and suitably adjusted
●  Greater understanding of technique being used
●  Protection (equipment)
●  Recover quicker

●  Can be costly
●  Need to know how to use the software
●  May be time consuming
●  May result in forcing the body to do more (if 

technology suggests it is possible), leading to 
injury

Now test yourself
1  Give one example of how technology is used for nutrition.
2  Give one example of how technology is used for recovery.
3  Give one example of how technology is used for performance 

analysis.

Exam practice
1  Which of the following is an example of technological being used for 

recovery? Tick one box only.    [1]
a  ice bath  
b  heart rate monitor  
c  GPS  
d  streamlined clothing  

2  Describe two ways in which technology has improved performance 
as a result of sports equipment.   [2]

3  Discuss the impact of technology on sports performance in a 
sporting activity of your choice.    [6] 

Technology: any method 
that has been developed to 
improve performance.

Ice baths: a container of iced 
water designed to speed up 
recovery.

Hyperbaric chamber: high 
pressure chamber that 
increases oxygen available 
for recovery.

Exam tip

You can remember some of 
the impacts of technology on 
the performer by using the 
acronym R MEAN:

●● Recovery
●● Monitors
●● Equipment
●● Analysis of performance
●● Nutrition 

Revision activity

Using the activity you 
perform the most, list the 
different ways in which 
technology is used by elite 
level performers in that 
activity.

Typical mistake

It is a common mistake 
for students to suggest 
that technology only 
provides advantages to 
performers. There are also 
disadvantages  
(see Table 3.4.1). 
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Sports technology for the coach
Many of the technological advancements that can assist a performer can 
also assist the coach in their role to improve their athlete’s performance.

Table 3.4 Ways in which the coach can use technology

Example of technology How the coach can use the technology

Equipment in cricket Cricketer is given a 
new, state-of-the-art bat by a sponsor.

The coach could analyse where runs are scored using 
motion–tracking software and provide advice to the 
performer on how they are using the bat.

GPS in football The use of GPS allows 
performers to monitor their movement and 
to track which particular areas of a field of 
play they have covered. 

The coach can analyse whether a performer is moving in 
the correct areas of the field. Players in specific positions 
may have been given tactics and strategies by their coach 
to follow. The GPS information can allow the coach to see 
if the performer is working hard enough and in the correct 
areas of the field.

Analysis of performance in triple jump 
Cameras record performance So that 
performers can analyse technique.

The coach can watch technique within performance and 
advise on any minor tweaks to make to the run up or 
jumping phases.

Heart rate monitors for cycling Heart rate 
monitors provide information on recorded 
heart rates during a race.

The coach can analyse the data and suggest if the heart 
is being worked in a suitable heart rate zone, working too 
hard or too little. 

Nutrition for marathon running Software 
programs allow athletes to monitor their 
nutrition in a more detailed manner than 
ever before. 

The coach can advise on the amount of carbohydrate being 
eaten. Coaches can advise on loading excess carbohydrate 
before a race to ensure that carbohydrate does not run out 
during the race.

There are advantages and disadvantages of using technology for a sports 
coach.

Table 3.5 Advantages and disadvantages of using technology for a 
sports coach

Positives Negatives

●  Health and well-being of the athlete can be monitored
●  Performance of athlete can be analysed
●  Nutrition of athlete can be monitored and suitably 

adjusted
●  Greater understanding of technique being used by 

performer
●  Ensure the performer is suitably protected (equipment)
●  Help performer to recover quicker

●  Can be costly: the coach may be involved in 
a budget

●  Need to know how to use the software
●  May be time consuming
●  May prevent natural feedback from the 

coach who becomes reliant on technology
●  May misinterpret technology and provide 

incorrect advice

Exam practice
1  Which of the following is an advantage of using sports technology 

for a coach? Tick one box only.    [1]
a  Can ensure performer is protected  
b  Can monitor health and well-being of performer  
c  Greater understanding of performer’s technique  
d  All of the above  

2  Discuss the advantages and disadvantages of a coach using  
sports technology.    [6]

Now test yourself
1  Give one example of a 

monitor that a coach could 
use with their athlete. 

2  Give one example of a 
piece of equipment that a 
coach could provide their 
performer with to recover 
quicker.

3  Give one positive and 
one negative of sports 
technology for a performer.
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