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Strength 
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A common definition of strength is: 

‘the maximum force that can be exerted by a muscle or group of muscles during a single 
contraction’ 

In sport we use various types of strength: 

• maximum strength 

• elastic strength (power) 

• strength endurance 

• static strength 

• dynamic strength 

Maximum strength is the maximum force a muscle can exert in a single maximal voluntary 
contraction. It is used during weightlifting. Men have a larger muscle mass than women (owing to 
higher levels of testosterone) so men can exert greater maximum strength than women. Fast glycolytic 
fibres are important for maximum strength because they can produce more force than slow twitch 
fibres. 

Elastic strength (power) is the ability to overcome resistance with a high speed of contraction. This 
can be seen in explosive events such as sprinting, throwing and hitting, where a high percentage of 
fast glycolytic fibres are needed for a good performance. 

Strength endurance is the ability of a muscle to perform repeated contractions and withstand fatigue. 
It is important for rowers and swimmers. In addition, when a team game goes into extra time, players 
with better strength endurance will be in a stronger position to maintain a high level of performance. 

Dynamic strength is the ability to apply a force repeatedly over a period of time.  It is essential for 
highly explosive activities such as sprinting and is similar to elastic strength. 

Static strength is the ability to apply a force where the length of the muscle does not change and 
there is no visible movement at a joint. 

Factors affecting strength 
Strength depends on two factors: 

• Fibre type. There are three types of muscle fibre: slow oxidative (type I), fast oxidative 
glycolytic (type IIa) and fast glycolytic (type IIb). Fast twitch fibres contract more quickly and 
produce more power and maximum strength. They are also designed to grow larger as a 
result of training. Muscle fibre percentage is mostly genetically determined. 
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• Cross-sectional area of the muscle. The cross-sectional area of the muscle affects how 
much strength can be produced. In general, the greater the cross-sectional area, the greater 
the strength produced. However, two individuals with an equal cross-sectional area of muscle 
may produce different amounts of strength. This is due to the lever system of the body, which 
in itself is determined by the position of the muscle attachment. Muscles with the largest 
cross-sectional area tend to be found in the legs. An individual can produce on average  
4–8 kg of force per cm2 of muscle cross-section. 

Testing strength 
The following table shows some methods for testing strength. 

Maximum 
strength 

Hand grip 
dynamometer 
 

1RM max test 

 

The performer squeezes the dynamometer while lowering it 
from shoulder height to their side.  The highest reading from 3 
attempts is recorded 

The performer lifts the maximum weight they can just once.  It 
may take a bit of trial and error to find this maximum so there 
should be ample rest between attempts 

Elastic 
strength  
(also 
dynamic 
strength)  

Wingate test 

  

 

Vertical jump 

The performer pedals as fast as they can for 30 seconds. The 
resistance on the bike is related to body weight — 75g per kg of 
body weight. The number of revolutions is then recorded for 
every 5 seconds of the test 

The performer’s standing reach is measured against a wall.  
From a squatting position they then jump as high as they can, 
marking the wall at the top of the jump 

Muscular 
endurance 

 

NCF abdominal 
curl 

The performer does as many sit-ups as they can, keeping in 
time with a beep. The test finishes when the performer can no 
longer keep up with the beep and the stage reached is recorded 

Static  
strength 

Isometric mid-
thigh pull exercise 

The performer pulls on an immovable bar (performed in a power 
rack with pins) as quickly as possible and maintains effort for  
5 seconds 

Training to develop strength 
Some individuals do a form of strength training to improve performance in their chosen activity. 
Improvements in strength result from working against some form of resistance. In this instance it is 
also important to make any strength training programme specific to the needs of the activity. To do this 
the following factors must be considered: 

• what type of strength is to be developed – maximum, elastic or strength endurance 

• which muscle groups do you want to improve 

• what type of muscle contraction is performed in the activity – concentric, eccentric or isometric 
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Other individuals do strength training for muscle growth and need to ensure that any exercises they 
perform will overload the anaerobic energy systems, which will result in hypertrophy of fast twitch 
fibres. 

Strength can be improved by doing the following types of training: weights, circuits, pulleys and 
plyometrics. 

Weights 
Weight training is usually described in terms of sets and repetitions. The number of sets and 
repetitions that you do and the amount of weight you lift will depend on the type of strength you want 
to improve. Before you can design a programme it is important to determine the maximum amount of 
weight that a performer can lift with one repetition. Then, if maximum strength is the goal, it will be 
necessary to lift high weights with low repetitions, for example, three sets of 2–6 repetitions at  
80–100% of maximum load. However, if strength endurance is the goal, it will be necessary to perform 
more repetitions of lighter weights — for example, three sets of 10 repetitions at approximately 50% of 
maximum load. 

The choice of exercise should relate to the muscle groups used in sport, both the agonists and 
antagonists. The exercises are usually classed into four groups: 

• shoulders and arms, e.g. bench press, curls, pull downs 

• trunk and back, e.g. sit-ups, back hyperextensions 

• legs, e.g. squats, calf raises, leg press 

• all body exercises, e.g. power clean, snatch, dead lift 

Circuit/interval training 
Circuit training for strength can also be referred to as interval training for strength, although they are 
two slightly different methods. Interval strength training involves completing an exercise on one 
muscle group then resting for 1–2 minutes before moving on to the next exercise and muscle group.  
In circuit training the athlete performs a series of exercises in succession, with no rests. These 
exercises include press-ups, sit-ups and squat thrusts to name a few. The athlete uses their body 
weight as a resistance and each exercise concentrates on a different muscle group to allow for 
recovery. A circuit is usually designed for general body conditioning and it is easily adapted to meet 
the needs of an activity. An example of a circuit can be seen in Figure 1. 



 

4 

 

Philip Allan Publishers © 2013 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 

Working in pairs, partner A runs while partner B completes the exercises. After two complete running 
circuits the partners change over so that A now completes the exercises and B runs. After 2 minutes 
the whistle blows and whoever is completing the exercises moves onto the next one. The duration of 
the circuit is 20 minutes but this can be adapted to use more time. 

Plyometrics 
If leg power is crucial to successful performance — as it is in long jump, 100 m sprint in athletics and 
rebounding in basketball, for example — then plyometrics is one method of strength training that 
improves power or elastic strength. It works on the concept that muscles can generate more force if 
they have previously been stretched. This occurs in plyometrics when, on landing, the muscle 
performs an eccentric contraction (lengthens under tension). This stimulates the muscle spindle 
apparatus as it detects the rapid lengthening of the muscle and then sends a nerve impulse to the 
central nervous system (CNS). If the CNS believes the muscle is lengthening too quickly, it will initiate 
a stretch reflex, causing a powerful concentric contraction as the performer jumps up.   

To develop leg strength, a line of benches, boxes and hurdles is made and the performer has to jump, 
hop or leap from one to the other (Figure 2). Recovery occurs while walking back to the start line and 
the exercise is repeated. 
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Figure 2 

Arm strength can be developed using press-ups with mid-air claps, or by throwing and catching a 
medicine ball. 

Energy system and food/chemical used 
Type of strength Energy system Food/chemical 

Maximum ATP/PC Phosphocreatine 

Elastic strength ATP/PC and lactic acid system Phosphocreatine and glycogen 

Muscular endurance Lactic acid system/aerobic system Glycogen and fats 

Static/dynamic strength ATP/PC and lactic acid system Phosphocreatine and glycogen 

 

Adaptations to strength training 
Neural adaptations to strength training 

• More strength can be generated by the recruitment of more motor units. 

• The inhibitory effect of the Golgi tendon organs is reduced, which allows the muscle to stretch 
further and generate more force. 

The type of strength training you do will result in specific adaptations. With weight training, for 
example, light weights and high repetitions allow adaptations to occur in slow oxidative fibres, whereas 
heavy weights and low repetitions allow adaptations in fast glycolytic fibres. 
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Aerobic adaptations in slow oxidative fibres 
• Hypertrophy of slow-twitch fibres. This is where the myofibrils become thicker due to 

increased muscle synthesis. However, hypertrophy in slow twitch muscle fibres is not as great 
as in fast twitch fibres 

• Increase in mitochondria and myoglobin  

• Increase in glycogen and triglyceride stores 

• Increase in capillaries 

Anaerobic adaptations to fast-twitch fibres 
• Hypertrophy of fast oxidative glycolytic and fast glycolytic fibres. There is also a relatively new 

term called hyperplasia, which refers to the splitting of muscle fibres leading to the creation of 
new ones. This has yet to be proven in humans but it is thought that together with muscle 
hypertrophy it contributes to an increase in size 

• Increase in ATP and PC stores 

• Increase in glycogen stores 

• Greater tolerance of lactic acid 


