Lecture 4

NOISE IS DANGEROUS

•   CAUSES PERMANENT HEARING LOSS


•   RAISES BLOOD PRESSURE


•   CAUSES HEADACHES


•   MAKES PEOPLE MORE AGGRESSIVE


What's a safe level?   You should be able to talk to a companion without raising         

             your voice.  If you have to raise your voice or shout, wear foam earplugs.

HEARING PROCESS 

1. Sound waves (ACOUSTIC ENERGY) strike the tympanic membrane.

2. Sets vibrations in the ossicular chain (MECHANICAL ENERGY)

3. Vibrations transmitted to inner ear in form of waves in its fluid & the basilar membrane (HYDRAULIC ENERGY)

4. Hair cells on basilar membrane react, e.g., move/bend (MECHANICAL ENERGY) to these vibrations

5. Mechanical vibrations are transformed into neural impulses (ELECTRO-CHEMICAL ENERGY)

6. Neural impulses are carried to the brain by the Cranial Nerve VIII (Auditory nerve)

Hearing Process

As the stapes pushes back and forth against the cochlea, it compresses the fluid to create waves in the fluid-filled compartments. Depending on the characteristics of the waves, specific nerve messages (impulses) are created. These messages then travel through the cochlear nerve (the hearing branch of the eighth cranial nerve) to the base of the brain (brainstem) and brain where they are interpreted.

Balance 

The sense of balance is maintained by complex relationships between sense organs that are located in the ears, eyes, joints, skin, and muscles. The brain receives and processes the input from these peripheral sense organs. 

When the system is working successfully, the brain is able to tell us in what direction we are pointed, what direction we are moving toward, and if we are turning or standing still. Balance problems can occur, however, when the brain receives conflicting messages from the different sense organs, or if a disease affects one or more of the sense organs.
The balance system 

The inner ear also detects: the position of the body with respect to gravity the motion of the body. The vestibular (balance) system is made up of five organs that are housed in the inner ear (labyrinth).

 These so-called vestibular organs are the three semicircular canals, the saccule, and the utricle. The saccule and the utricle make up the vestibule.

 The semicircular canals are responsible for the detection of rotation (angular acceleration). In contrast, the saccule and utricle are responsible for the detection of straight-line (linear) acceleration and gravity. 
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Diagram of outer, middle, and inner ear. The outer ear is labeled in the figure and includes the ear canal. The middle ear includes the eardrum (tympanic membrane) and three tiny bones for hearing. The bones are called the hammer (malleus), anvil (incus), and stirrup (stapes) to reflect their shapes. The middle ear connects to the back of the throat by the Eustachian tube. The inner ear (labyrinth) contains the semicircular canals and vestibule for balance, and the cochlea for hearing. 

Semicircular canals: A fluid-filled part of the cochlea. Tiny hair cells in these canals detect the motion of the fluid, providing information that gives our brain a sense of balance and head position.

The semicircular canals 
Motion of the body is detected in the three semicircular canals at the top of each inner ear, each one oriented in a different plane.
The three semicircular canals in each ear are geometrically arranged precisely so that the canals are situated at right angles (perpendicular) to each other.  
Accordingly, rotational movement in any direction is measured by the appropriate semicircular canal in each ear.  The canals are fluid-filled circular tubes that work to produce messages by displacing the fluid during rotational movement.

The three semicircular canals of the bony labyrinth are designated, according to their position, superior, horizontal, and posterior. The superior and posterior canals are in diagonal vertical planes that intersect at right angles.  Each canal has an expanded end, the ampulla, which opens into the vestibule.   

The ampullae of the horizontal and superior canals lie close together, just above the oval window, but the ampulla of the posterior canal opens on the opposite side of the vestibule. The other ends of the superior and posterior canals join to form a common stem, or crus, which also opens into the vestibule. 

The other end of the horizontal canal has a separate opening into the vestibule. Thus, the vestibule completes the circle for each of the semicircular canals. 
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Each canal contains a semicircular duct.  At the base is the crista ampullaris. It is enlarged swellings at base of each canal communicating with utricles.
There is a small chamber at one end of each canal containing hair cells. Whenever the head is moved, the fluid within the canals lags in its motion so that there is relative motion between the walls and the endolymph. This stimulates the hair cells to send impulses back to the brain. 
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The vestibule (saccule and utricle) 
Just above the cochlea are two interconnecting chambers filled with endolymph, the sacculus and utriculus.

In contrast to the three semicircular canals, the saccule and utricle respond to linear (straight line) acceleration and gravity.
Utricle: Along with the saccule, a vestibular organ in the inner ear. Specifically, the utricle responds to linear acceleration in the horizontal direction or tilting of the head.

Saccule: Along with the utricle, a vestibular organ in the inner ear. Specifically, the saccule responds to vertically directed movement.
 A dense structure called the macula is located in the wall of the saccule and utricle. 

The macula is made up of nerve endings that are capped by tiny stone-like structures. These stones (called otoconia ) are actually crystals or granules of calcium carbonate. They are imbedded in the cupula, which is a gelatinous layer that lines the macula. During head movement, the combined forces of linear acceleration and gravity displace the tiny stones, and thereby generate messages. 
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The Saccule is a flattened, irregularly shaped membranous sac located in the medial wall of the bony vestibule.

The saccular macula, having the same struture as the utricle, lies perpendicular and vertical to the macula of the utricle. It is more sensitive to vertical (up and down) acceleration. 

The saccule has two small openings. One is the opening of a duct, called the endolymphatic duct, that communicates with the utricle. The other opening communicates with the duct of the cochlea. Utricle is also an irregular, oblong membranous sac located on the medial wall of the vestibule. It lies horizontally.  More sensitive to horizontal acceleration. 
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The semicircular canals are responsible for detecting any kind of rotational motion in

the head (pitch, roll, yaw). 
The utricle and saccule are primarily responsible for detecting any degree of linear motion of the head.

• head is tilted to one side

• accelerated forward and back, or side to side

• accelerated up and down (as in an elevator)
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The Brain 


The messages from the right and left vestibular systems feed by way of the right and left vestibular nerves into the vestibular centers (nuclei) in the brainstem. These centers also receive input from the eyes, muscles, spinal cord, and joints. 

Furthermore, higher centers in the brain continue to process the information. The final result is an integrated system that allows us to maintain our balance in our ever-changing environment. 

Balance

When input from each ear is equal, the system is in balance, and there is no sense of movement.  When inputs are unequal, the brain interprets this as movement.  And, as a result, compensatory eye movements and postural adjustments occur to maintain balance. 

The brain can override or in some cases make up (compensate) for a loss of vestibular function. In fact, by using other sensory inputs, the brain can re-balance itself, and thereby often compensate for a complete loss of vestibular function in one ear. 

Dizziness

When the hair cells send messages that are incongruent with what the eyes are seeing and our body is feeling, as may occur in a boat or aircraft during rough weather, motion sickness can result. 

Some people also suffer severe dizziness because otoliths have become dislodged from their utriculus (e.g. following a blow to the head) and settled in a semicircular canal. 

Problems with these organs can result in vestibular symptoms including dizziness, nausea and imbalance. 
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