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Question: discuss the physiology of balance

The vestibular system isthe sensory apparatus of the inner ear that helpsthe 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 organsin 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 changesin 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, asin the case of the responses of
the cochleato sound. Functionally these organs are closely related to the cerebellum
and to the reflex centers of the spinal cord and brainstem that govern the movements of

the eyes, neck, and limbs.
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Although the vestibular organs and the cochlea are derived embryo logically from the
same formation, the otic vesicle, their association in the inner ear seemsto 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

isreadily 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, asfound in the ampullae of the
semicircular ducts. The cristae respond to waterborne vibrations and to pressure
changes.

The semicircular canals are three ring-like extensions of the vestibule. One is oriented in
the horizontal plane, whereas the other two are oriented in the vertical plane. The
anterior and posterior vertical canals are oriented at approximately 45 degreesrelative
tothe sagittal plane. The base of each semicircular canal, where it meets with the
vestibule, connectsto an enlarged region known as the ampulla. The ampulla contains
the hair cells that respond to rotational movement, such asturning the head while
saying “no.” The stereo cilia of these hair cells extend into the cupula, a membrane that
attachestothe top of the ampulla. Asthe head rotatesin a plane parallel to the
semicircular canal, the fluid lags, deflecting the cupula in the direction opposite to the
head movement. The semicircular canals contain several ampullae, with some oriented
horizontally and others oriented vertically. By comparing the relative movements of
both the horizontal and vertical ampullae, the vestibular system can detect the

direction of most head movements within three-dimensional (3-D) space.
Central Processing of Vestibular Information

Balance is coordinated through the vestibular system, the nerves of which are
composed of axons from the vestibular ganglion that carries information from the
utricle, saccule, and semicircular canals. The system contributes to controlling head and
neck movementsin response to vestibular signals. An important function of the
vestibular system is coordinating eye and head movements to maintain visual attention.
Most of the axonsterminate in the vestibular nuclei of the medulla. Some axons project
from the vestibular ganglion directly to the cerebellum, with no intervening synapse in
the vestibular nuclei. The cerebellum is primarily responsible for initiating movements
on the basis of equilibrium information. Neuronsin the vestibular nuclei project their
axonstotargetsin the brain stem. One target isthe reticular formation, which
influencesrespiratory and cardiovascular functionsin relation to body movements. A

second target of the axons of neuronsin the vestibular nuclei is the spinal cord, which



initiates the spinal reflexes involved with posture and balance. To assist the visual
system, fibers of the vestibular nuclei project to the oculomotor, trochlear, and abducen
nuclei to influence signals sent along the cranial nerves. These connections constitute
the pathway of the vestibulo-ocular reflex (VOR), which compensates for head and body
movement by stabilizing images on the retina. The vestibular nuclei project to the
thalamustojoin the proprioceptive pathway of the dorsal column system, allowing

conscious perception of equilibrium.

Compensating eye mavement

Disturbances of the vestibular system

The relation between the vestibular apparatus of the two earsisreciprocal. When the
head isturned to the left, the discharge from the left horizontal canal is decreased, and
vice versa. Normal posture isthe result of their acting in cooperation and in opposition.
When the vestibular system of one ear is damaged, the unrestrained activity of the
other causes a continuous false sense of turning (vertigo) and rhythmical, jerky
movements of the eyes (nystagmus), both toward the uninjured side. When the
vestibular hair cells of both inner ears are injured or destroyed, as can occur during
treatment with the antibiotics gentamicin or streptomycin, there may be a serious
disturbance of posture and gait (ataxia) as well as severe vertigo and disorientation. In
younger persons the disturbance tendsto subside asreliance is placed on vision and on
proprioceptive impulses from the muscles and joints as well as on cutaneous impulses
from the soles of the feet to compensate for the loss of information from the

semicircular canals. Recovery of some injured hair cells may occur.



Routine tests of vestibular function traditionally have involved stimulation of the
semicircular canalsto elicit nystagmus and other vestibular ocular reflexes. Rotation,
which can cause vertigo and nystagmus, as well astemporary disorientation and a
tendency to fall, stimulates the vestibular apparatus of both ears simultaneously.
Because otoneurologists are usually more interested in examining the right and left
ears separately, they usually employ temperature change as a stimulant. Syringing the
ear canal with warm water at 44 °C (111 °F) or with cool water at 30 °C (86 °F) elicits
nystagmus by setting up convection currentsin the horizontal canal. The duration of the
nystagmus may be timed with a stopwatch, or the rate and amplitude of the movements
of the eyes can be accurately recorded by picking up the resulting rhythmical variations
in the corneoretinal direct current potentials, using electrodes pasted to the skin of the
temples—a diagnostic process called electronystagmography. An abnormal vestibular

apparatus usually yields a reduced response or no response at all.

The vestibular system may react to unaccustomed stimulation from the motion of an
aircraft, a ship, or aland vehicle to produce a sense of unsteadiness, abdominal
discomfort, nausea, and vomiting. Effects not unlike motion sickness, with vertigo and

nystagmus, can be observed in the later stages of acute alcoholic intoxication.



