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DESCRIBE THE PHYSIOLOGY OF BALANCE

How does our sense of balance work?

The ear is a sensory organ that picks up sound waves, allowing us to hear. It is also essential to our sense of balance: the organ of balance (the vestibular system) is found inside the inner ear. It is made up of three semicircular canals and two otolith organs, known as the utricle and the saccule. The semicircular canals and the otolith organs are filled with fluid. Each of the semicircular canals end in a space that has small hair cells in it. These spaces are called ampullae. Whenever we turn our head, the inner ear turns along with it. But it takes a very brief moment for the fluid in the semicircular canals and ampullae to move with our head too. This means that the sensory hair cells in the ear are bent by the “slow” fluid. The hair cells then send this information to the brain via nerves.

Each of the three semicircular canals is responsible for a specific direction of head movement: One of the canals responds to the head 

 1.Tilting upwards or downwards,

2. One responds to it tilting to the right or to the left, and 

 3.One responds to it turning sideways.

The otolith organs are found diagonally under the semicircular canals and have a similar function: There are also thin sensory hair cells in both organs. The difference is that, unlike in the semicircular canals, there are small crystals on the hair cells – like pebbles on a carpet. These crystals are called otoliths or “ear rocks.” The otolith organs detect acceleration, for instance when you take an elevator, fall, or gather speed or brake in a car.

Information coming from the vestibular system is processed in the brain and then sent on to other organs that need this information, such as the eyes, joints or muscles. This allows us to keep our balance and know what position our body is.

In some situations, for example on a ship or airplane, different sensory organs (e.g. the eyes and the organ of balance) send contradictory messages to the brain. This can cause us to feel unwell, dizzy or nauseous.

The vestibular system is especially sensitive in children, and reacts more slowly to movement as we grow older. Inner ear infections and other problems may also affect how well our sense of balance works.

In the vestibular system, equilibrioception is determined by the level of a fluid called endolymph in the labyrinth, a complex set of tubing in the inner ear.

Balance is mediated by the vestibular nuclei in the brain stem the labyrinth (a part of the inner ear), is a major organ of our vestibular (balance) system the three semicircular canals of the labyrinth is associated with sensing rotary motion the brain senses the direction and speed of rotation of the head by the movement of fluid in the semicircular canals balance is maintained by the interactions between the labyrinth and other systems in the body, such as the visual and skeletal systems the main inputs into the balance system are the:

vestibular labyrinths

visual system (eyes)

somatosensory system, especially proprioception

the main outputs from the vestibular nuclei are:

vestibulo-ocular:

permitting reflex eye movements related to posture

vestibulo-spinal which supply: anti-gravity muscles in the lower limbs reflex arcs which control gait

Vestibular Function

The vestibular system is the sensory apparatus of the inner ear that helps the body maintain its postural equilibrium. The information furnished by the vestibular system is also essential for coordinating the position of the head and the movement of the eyes. There are two sets of end organs in the inner ear, or labyrinth: the semicircular canals, which respond to rotational movements (angular acceleration); and the utricle and saccule within the vestibule, which respond to changes in the position of the head with respect to gravity (linear acceleration). The information these organs deliver is proprioceptive in character, dealing with events within the body itself, rather than exteroceptive, dealing with events outside the body, as in the case of the responses of the cochlea to sound. Functionally these organs are closely related to the cerebellum and to the reflex centres of the spinal cord and brainstem that govern the movements of the eyes, neck, and limbs

Although the vestibular organs and the cochlea are derived embryologically from the same formation, the otic vesicle, their association in the inner ear seems to be a matter more of 

convenience than of necessity. From both the developmental and the structural point of view, the kinship of the vestibular organs with the lateral line system of the fish is readily apparent. The lateral line system is made up of a series of small sense organs located in the skin of the head and along the sides of the body of fishes. Each organ contains a crista, sensory hair cells, and a cupula, as found in the ampullae of the semicircular ducts. anges. In the early centuries  some scientists  carried out a reasearch.It was not until almost half a century later that the significance of his findings was appreciated and the semicircular canals were recognized as sense organs specifically concerned with the movements and position of the head.
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Diagram of vestibular system
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structure of the ear and the vestibular system

There are three semicircular canals in the inner ear positioned at right angles to each other like a gyroscope. They are able to sense changes in movement of the body. With such changes, endolymph waves within the canals cause hair cells located within their base to move. Position of the head is sensed by hair cells of the utricle and saccule which is stimulated when the head moves and the relationship to gravity changes.
There is a small dense area of nerve fibers called the macule located in each of the saccule and utricle. The macule of the saccule is oriented vertically while the utricle macule is horizontal. Each macule consists of fine hair bundles which are covered by an otolithic membrane that is jelly-like and covered by a blanket of calcium crystals.
The calcium crystals are the structures that ultimately stimulate the position hairs and provoke nerve impulses created by the position changes and transmit that information to the brain stem and cerebellum.
You see, your outer ear, which is the part you can touch, collects sound waves from the world around you, but your brain can't read sound waves, so your ear must change them into a language your brain understands, namely nerve impulses. To do this, your middle ear turns the sound waves into vibrations, which are then passed on to your inner ear. It is your inner ear that uses the vibrations to create nerve impulses that travel to your brain. Creating nerve impulses from the sounds that enter your ear is not the only thing your inner ear does, it also helps you keep your balance.
The semicircular canals of the inner ear help you with balance. This movement of the fluid moves the hairs of the canals, creating nerve impulses that travel up to your brain and let it know that your head is off balance. You don't fall over because your brain tells your muscles to support you.
