Receptors concerned with movement

Most activities of the nervous system begin with stimuli that activate sensory nerve terminals. These receptors (exteroreceptors and or interoceptors) are specialised cells or organs that are selective in their response to different types of stimuli. 

The exteroreceptors are located at or near to the surface of the body and are sensitive to stimuli which come from outside the body such as for sight, hearing, smell, taste and touch. 

Interoreceptors include the receptors for other cutaneous sensations such as heat, cold, pain and pressure. The interoreceptors may be sub-divided into receptors that receive impulses from the viscera (visceroreceptors) and those that receive impulses from the tissues directly concerned with musculo-skeletal movement and positioning (proprioceptors). 

The proprioceptors can be classified as muscle proprioceptors and joint and skin proprioceptors.

Muscle Proprioceptors ( Muscle spindles and Golgi tendon organs)

The proprioceptors are stimulate by movement and provide information to the brain about the positioning of the muscles and limbs as well as the rate and range of limb movement. They are located within the muscles , tendon and joints, including the surrounding structure such as the ligaments, joint capsule and fibrous membranes. It is the information provided by these structure, on conscious and subconscious levels that allow the body to coordinate and develop effective movement patterns.

Muscle Spindles

Muscle spindles are tiny capsules 1mm in length scattered throughout the fleshy part of the muscle, lying between and parallel to the muscle fibres. When the muscle lengthens the spindle is stretched and sensory nerves located in the centre of the spindle send impulses to the central nervous system. This activates a motor neuron innervating the muscle, causing it to contract. The muscle spindle has two type of receptors or nerve endings annulospiral and flower spray. The annulospiral endings are sensitive to the  rate of change (phasic response) of the muscle while the flower spray endings provide information on muscle length (tonic response). 

The action of the muscle spindle allows rapid response to applied forces and fine control of movements by continually providing feedback on the length and movement of muscles.

Golgi Tendon Organ (GTO)

In opposition to the muscle spindle the golgi tendon organ sends impulses to the muscle causing it to relax.

The GTOs consists of a mass of nerve endings enclosed within connective tissue and embedded in a muscle tendon close to its junction with the muscle. They are arranged in such a way that each GTO may be innervated by a group of muscle fibres thus providing feedback of the tension is varying areas of the muscle.  As the muscle shortens the tension increases and the GTO is stretched and activated. The threshold for activation is much higher than that of the spindle but once innervation occurs, when the stimulation from the GTO is greater than the stimulation from the muscle spindle part or the whole muscle may relax, thus preventing injury.

Skin and joint Receptors (Pacinian corpuscles and Raffini endings)

Pacinian corpuscles are found beneath the skin, concentrated around the joint corpuscles and tendon sheaths. They are large end-organs consisting of a tip of nerve endings surrounded by many concentric layers of cells forming a capsule. The corpuscles are activated, for a very brief period by pressure which compresses and distorts the capsule. Thus the pacinian corpuscles are able to detect rapid changes in pressure.

In running for example it is this mechanism which allows the nervous system to predict where the feet will be at any time so that appropriate adjustments in limb position can be anticipated and effected as needed ensuring balance and effective propulsion. 

Although the pacinian corpuscles detect changes in pressure they are not able to provide information on a continuous state of pressure. Ruffini endings, located in the deep layers of the skin and are scattered throughout the collagenous fibres of the joint capsule on the other hand, are slow to respond but once activated provide continuous information as to pressures exerted. Each receptor monitors a specific region of the joint range of movement and  are stimulated by sudden joint movements and are sensitive to change of as little as two degrees. Thus the feedback from these receptors tell the brain exactly how far the joint is bent.

Labyrinthine and neck proprioceptors

These proprioceptors detect sensations concerned with determination of body position and changes in position as they relate to equilibrium. The labyrinths detect orientation and movement of only the head whereas the neck proprioceptors inform the brain of the orientation of the head to the body.

Further detail and structure of these receptors will not be discussed at this point.

