The All or None Law

Each fibre within a motor unit contracts according to the all or non law.

This principle states that when a motor unit receives a stimulus of sufficient intensity to gain a response, all the muscle fibres within the unit will contract at the same time and to the maximum possible extent.

If the stimulus is not strong enough, the muscle fibres will not respond and contraction will not take place.

The degree to which a muscle contracts depends on several factors

1)  Number of motor units recruited by the brain

This determines the force that can be generated within the muscle. The greater the strength required, the greater the number of motor units contract (and therefore muscle fibres)

Example

More motor units will be recruited in the biceps brachii when the body weight is being lifted doing a chin up than when performing a bicep curl with a light weight. 
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2) Frequency with which the impulses arrive at the muscle fibres.  The motor unit will respond to a stimulus by giving a ‘twitch’ a brief period of contraction followed by relaxation.

When a second impulse is applied to the motor unit before it completely relaxes from the previous stimulus, the sum of both stimuli occur increasing the total contraction.  This is called multiple wave summation.

When rapid firing of stimuli occur, giving the muscle little or no time for relaxation tetanic or tetanus contraction  takes place, which increases the contraction further.

This increase in total contraction can be explained by the increase in calcium ions causing greater cross bridge attachment of actin and myosin.

A sportsperson who requires a high degree of force to be generated over a short amount of time e.g. a shot putter can achieve this through a process called multiple wave summation.
The problem with this is that fatigue will soon occur.

An athlete that need to generate muscular forces over a long period of time e.g. a marathon runner will recruit motor unit s slightly out of synchronisation so that they do not all contract at the same time.  The muscle shares the work load

This is called spatial summation.

Control of muscular contraction

Muscle action needs to be controlled to ensure movement is effective.

The body processes several internal regulatory mechanisms to ensure that we have safe and smooth movement
1) Proprioceptors

These are sense organs located in joints, tendons and muscles which provide kinaesthetic feedback concerning the body’s movement. This informs the body of the extend of movement that had taken place

2) Muscle spindle apparatus

Are very sensitive receptors which exist between skeletal muscle fibres.  They relay information via afferent or sensory neurons concerning the state of muscle contraction and the length or extension of the muscle. 

When a muscle is stretched, the spindle is stretched and it sends an impulse to the spinal cord indicating how much and how fast the muscle has stretched.

If a muscle is stretched too far, the muscle spindle apparatus will alter the tension within the muscle and cause a stretch reflex- where the muscle is automatically shortened.
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When performing plyometrics, the quadriceps lengthen quickly upon landing.  The muscle spindle detects this lengthening and sends impulses to the spinal cord which relay motor neurons to the quadriceps initiating the stretch reflex. 
This causes a powerful shortening of the muscle group and enabled the athlete to bound upwards

The basic function of the muscle spindle helps maintain muscle tone and protect body from injury.  

3) Golgi Tendon Organs

These are thin capsules of connective tissue which exist where the muscle fibre and tendon meet.  They serve the same purpose as the muscle spindle  apparatus by triggering a reflex action when very high tensions are developed in the muscle and tendon. They differ from the muscle spindle in that when activated they cause the muscle to relax.   
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