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CHAPTER 4 – THE EARS
Ear Anatomy
The organ of hearing is divided into three parts:  the external ear; the middle ear; and the inner ear.
External Ear
auricle (pinna)
The most visible part of the ear.

Composed of cartilaginous material, with a few small muscles, covered by skin.

Collects sound waves and funnels them into the ear canal to the eardrum.
external auditory canal

A curved, cartilaginous, skin-lined pouch that lies at an angle, protecting the eardrum from direct trauma.

Small hairs and glands are located in the skin of the outer third of the ear canal.

vibrissae 
serves a protective function by filtering particulate matter and large 

pieces of debris.

cerumen
sticky and bactericidal, prevents smaller particles from entering the 

ear canal and keeps ear free from infection

Middle Ear

The cavity between the tympanic membrane and the boney wall of the inner ear.

Lined with mucous membrane (essentially like that of the mouth).

tympanic membrane (eardrum)

A membrane that separates the external ear canal from the middle ear.

ossicles (ossicular chain)

Smallest bones in the body, primary function is to transfer sound energy from the outer to the inner ear.

malleus (hammer)
- fastened to the tympanic membrane, the other to the anvil

incus (anvil)
- lies between the hammer and the stirrup

stapes (stirrup)
- connects to the anvil and the oval window

oval window
eustachian tube

Serves to equalize pressure on either side of the eardrum.

A decrease in pressure usually requires active ventilation by using muscles to open and close the eustachian tube (e.g., yawning, swallowing).

Note:
The middle ear serves as the sound amplification system (approx. 22:1).
All of the sound pressure collected on the larger eardrum is transmitted through the ossicular chain and concentrated on the much smaller area of the oval window.

The bones of the ossicular chain are arranged such that they act as a series of amplifying levers.

Loud sounds cause the tiny muscles attached to the ossicular chain to contract, diminishing the amount of energy transferred.

Inner Ear
Contains the receptors for hearing and position sense.

Filled with fluid.

cochlea

The receptor end of the organ of hearing.

A tubular, snail-shaped structure lined with thousands of feather hair cells tuned to vibrate at different frequencies.

Nerve endings are located in the floor of the tube.

vestibular system
The organ for position (sense of balance).

Consists of three, fluid-filled, semicircular canals lying in planes perpendicular to each other.

Nerve cells lining the base of each tube provide signals to the brain that allow us to interpret our position relative to gravity.

Pathology

A number of disorders can affect the components of the auditory system.

Pathology of the External Ear

auricle

trauma (sunburn and frostbite, injured cartilage is replaced by fibrous tissue)








(repeated injuries – cauliflower ear).


congenital malformations (protruding (lop) ears – can be surgically corrected)

dermatitis and infection (common in this area)
Note:
Deformation or inflammation of the pinna can affect a worker’s comfort in using headwear and hearing protection.

auditory canal

foreign objects


live insects (painful and annoying)


wax impaction (swabbing can result in wax packing, stimulates wax production)


narrowing of ear canal (congenital, bony growth, infection)

Note:
Abnormalities in ear canal anatomy, or ear infection/inflammation, can cause difficulties in using insert-style earplugs.

Pathology of the Middle Ear
eustachian tube
The eustachian tube can become plugged by swelling, adhesions, or masses.

Common consequence of allergies and infections that affect the nose and throat.


vacuum pulls fluid into the middle ear or pulls eardrum inward
(interferes with mobility of eardrum, causing hearing loss)

(if fluid thickens, can create a persistent problem)


tube constantly remains open

(annoying symptom of hearing ones own voice and breath sounds)

eardrum


infections 

   (rare; caused by viruses; can become involved in other infections)


perforation/rupture 
   (direct injury; sudden pressure change – air flight, diving, explosions)

Note:
Most perforations heal spontaneously and do not require surgical repair, except for those caused by welding splatter.

ossicular chain

The middle ear is prone to bacterial infections, primarily during childhood.

Ear infections can spread to the brain or major vessels surrounding the ear (much less a problem since development of antibiotics).
Can also result from developmental errors, adhesions, or scars from previous infections or bone diseases.

Disease of the middle ear bones can impair hearing in two ways:


fixation (bony chain cannot vibrate or vibrates ineffectively)


interruption (a gap forms between bones preventing transmission)

Note:
Conductive hearing loss arises from conditions affecting the outer or middle ear.

Sound waves cannot be conducted effectively to the cochlear sensory organ via normal pathways.

Some amount of sound energy can still be transmitted through direct transmission through the cranial bone.

Although the loudness of sounds is diminished clarity of sound is preserved.

Pathology of the Inner Ear
cochlea


congenital/developmental defects


systemic diseases (multiple sclerosis, diabetes)


infection (mumps, chronic otitis media)


exposure to noise


exposure to certain toxins (including certain medications such as antibiotics or diuretics)

circulatory problems (stroke)


trauma (concussion, skull fracture)

Note:
In the workplace, exposure to excessive vibration, heavy metals, organic solvents, and asphyxiants (e.g., carbon monoxide) may contribute significantly to the hearing loss induced by chronic ambient noise or other medical problems.

vestibular system
Disorders can cause loss of balance, vertigo, and nausea or vomiting.

eighth cranial nerve

Acoustic neuroma caused by a tumor, occurs most commonly in middle-aged persons.

Not malignant, but can cause disabling symptoms of both hearing loss and vestibular dysfunction.

Note:
Workers with vertigo or equilibrium problems may not be medically fit for safety-sensitive tasks.

Note:
Sensorineural hearing loss arises form conditions affecting the inner ear.

Can involve impairment of the cochlea, the auditory nerve, or both.

The hearing deficit cannot be overcome by sound transmission through the bone.

Often both the perception of loudness and clarity of sound are impaired.

presbycusis – The steady loss of hearing acuity that often occurs with age.

This hearing loss is greater for high-frequency sounds and is considered normal.

tinnitus – The perception (symptom, not a disease) of sound arising in the head.

objective tinnitus (audible to the person and the examiner)

Usually a symptom of a tumor or vascular malformation.

subjective tinnitus (audible only to the person)

Usually perceived as a ringing or hiss.

Most cases are secondary to high-frequency hearing loss.

Some cases can be caused by wax, perforation of the eardrum, or fluid in the middle ear.

Drugs or stimulants (e.g., coffee, aspirin, alcohol) can also cause tinnitus.

Hearing Measurement
The basic evaluation of hearing is done using an audiometer.

An audiometer is a frequency-controlled audio-signal generator.

Produces a pure tone signal, the frequency and intensity of which are varied for use in hearing measurement.

Audiometry is used to determine hearing threshold for both pure tone and speech, by air conduction and bone conduction.

Air Conduction Testing
Headphones are placed over the ears of the test subject.

A pure tone signal is presented through the headphones and travels through the outer ear, middle ear, and into the inner ear.

Allows the evaluation of the entire hearing system, both conductive and sensioneural.

Bone Conduction Testing

A bone vibrator is placed on the mastoid bone behind the outer ear.

Sends vibrations directly through the skull bones to he cochlea in the inner ear, bypassing the outer and middle ear.

Evaluates only the sensioneural hearing mechanism.

Note:
Bone conduction testing is considered a diagnostic test, and is not performed as part of routine industrial hearing assessments.

audiogram – A standard chart depicting the results of an audiometric test.
Depicts a frequency-by-intensity graph on which a person’s hearing threshold for pure tones is plotted.

Numbers across the top represent the frequency (pitch).

Vertical numbers on the left represent the intensity (loudness) in decibels (dB).

Threshold of hearing is the very softest level at which a person is able to hear.

When a threshold (measured in dB) is determined through audiometry at any given frequency, the result is plotted on the graph.

Effects of Noise Exposure
Exposure to noise can cause temporary or permanent damage to the auditory system.

In addition noise appears to be harmful to our general health in ways that are not yet fully appreciated.

Noise-Induced Hearing Loss

Noise (unwanted sound) is a pervasive cause of hearing loss.

Causes no particular pain unless it is as loud as a rifle blast.

The ears have considerable comeback power from brief exposure to intense noise, and ordinarily recover within 14 hours [temporary threshold shift (TTS)].
Prolonged exposure to intense noise gradually damages the cochlear hair cells, resulting in a permanent threshold shift (PTS) across multiple frequencies.
Factors


sound level

must exceed 60–80 dB short-term for temporary, 85 dB long-term for permanent

frequency distribution

sounds with most of their frequencies in the speech frequencies (500–2000 Hz) are more potent in causing a threshold shift)

duration

longer exposure increases the risk of hearing loss


temporal distribution

the shorter and less frequent the quiet periods, the greater the hazard


type of sound energy (continuous, intermittent, impulse, or impact)

the tolerance to peak sound pressure is greatly reduced by sudden changes in sound energy level


individual differences

sensitivity varies widely among individuals (age, health conditions, genetic factors)


concurrent exposures to ototoxic compounds

recent evidence suggests that some antioxidant agents may be otoprotective
Note:
OSHA has required formal hearing conservation programs for most employees exposed above the Action Level (currently 85 dBA averaged over an eight-hour workday).

Occupational health and safety professionals should be aware that recreational (non-occupational) noise exposures (music, firearms, recreational vehicles) is fairly common.

Non-Auditory Effects of Noise

Research indicates noise may cause interference with communication, altered performance annoyance, and physiological responses (e.g., elevated blood pressure, sleep disturbances).
Noise exposure does seem to have negative health effects during pregnancy.

Women exposed to high levels of noise are at increased risk of shortened gestation and delivery of pre-term or low birthweight infants.

Communication
Quality of life can be drastically affected for individuals whose hearing has been impaired by exposure to noise.

Verbal communication often becomes of source of frustration for the person with hearing loss as well as for family and friends.

Typically, this type of hearing loss produces inconsistent auditory behavior. In certain situations there may be no problem hearing, whereas in others there can be considerable difficulty.

Two important characteristics of hearing:
loudness 
- (the ability to hear sounds as loud as they actually are)
clarity 
- (the ability to  hear sounds clearly and distinctly)

Note:
Conductive hearing loss (outer and middle ear pathology) generally affects a person’s ability to hear at normal loudness levels; it does not usually impair the clarity with which that person hears.

The key to clarity in hearing is held by the inner ear mechanism and the nerve fibers that carry the message to the brain.

Speech Sounds

Speech in particular can seem unclear or distorted regardless of how loud it is.

The main complaint associated with this type of hearing loss is that patients can “hear” but cannot understand, especially in the presence of background noise.

Speech sounds can be classified as vowels or consonants.
vowels
- located in the lower frequencies, carry the energy for speech

consonants
- located in the higher frequencies, important for distinguishing 


  one word from another

Note:
This is the problem for people with noise-induced (high-frequency) hearing loss.

Background Noise
People with high-frequency hearing loss often manage fairly well in quiet environments.

A listener with normal hearing can hear a speaker in the presence of typical background noise with little or no difficulty.

Most ambient (background) noise is low frequency.

Since there is more energy in the low frequencies, the noise masks the weaker high-frequency speech sounds crucial for clarity.

Quality of Life
Most noise-induced hearing loss occurs gradually.

In the initial stages, the person may experience little difficulty in most situations.

Hearing-impaired individuals often begin to avoid certain situations and may have a tendency to withdraw socially.

Everyday situations, such as listening to conversations while the television is on, become sources of frustration.

Rehabilitation

There is no medical or surgical cure for sensioneural hearing loss, thus prevention measures are imperative.

Once irreversible damage has occurred, much can be accomplished with amplification (hearing aids) and counseling.

Note:
Cochlear implant technologies.
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