Physiology – Hearing 1 & 2 

Prof. Lammers

Unit 8

Hearing 

Sound: movement of air particles, chain of pressure waves.

Masking: when sound that you want to hear is not heard because of other sounds ocurring at the same time.
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Functions of each part of the ear in the process of hearing

1. Auricle: it collects sound and detects increasing amplitude or the changing direction of sound waves. Also involved in augmentation (increasing sound). It is important to pay attention to the sound source.
2. External Acoustic Meatus: transmits vibrations from the outside to the tympanic membrane. Its diameter narrows medially (conical shape), this also concentrates and augments pressure waves. It is very painful if something lodges there because it is highly innervated. This is important because it is a way of protection to the ear.
3. Tympanic membrane & Middle ear: 

· the tympanic membrane is a round fibrous membrane that divides the external ear from the middle ear. It transmits sound into the middle ear. 
· The middle ear is filled with air. It contains the auditory osscicles that magnify sound (x20). 
· The eustachian tube connects the ear with the nasopharynx. It balances pressure between the ear and environment. It is always closed and pressed on its walls except when we swallow. At airflight, there is a decrease in pressure in the outer ear. This is painful because it pushes the tympanic membrane on to one side, this tightens it and the person may become deaf for a few seconds. This is corrected by swallowing to open the eustachian tube and balance pressue. When a person has a cold, it is harder to open the tube and equalize pressure because of mucous. If the tube is ligated, deafness will occur. “make sure that air is present” Trapped air in the middle ear will be removed by blood vessels.
· The movement of the tympanic membrane directly acts on the malleus so that it and the incus and stapes oscillate and vibrate in response to sound.
4. Inner ear: it contains the cochlea and it is divided into many scala (meaning opera in Latin). They are the scala vestibuli, scala tympani and the chochlear duct. They are all filled with fluid called perilymph. 
· Pressure of the sound vibrations from the stapes move the membrane covering the oval window in and out (the membrane is important to keep fluid inside the inner ear). The tympanic membrane and ossicles provide a mechanism for transferring the sound waves in air into movements of the fluid within the cochlea. If the sound waves were conducted directly from air to the perilymph, most of the energy would be lost at the air-fluid interface. 
· Perilymph in the scala vestibuli is set into motion. As a result, the pressure in the scala vestibuli increases and causes the basiliar membrane to moves down. Then movement of fluid into the scala tympani makes the membrane move up. This results in a pressure wave travelling through the perilymph from the basal end and back towards the round window.
Oval window ( Scala vestibuli ( basiliar membrane ( scala tympani ( Round window

For each in and out movement of the stapes at the oval window – the basiliar membrane moves up and down – and the membrane of the round window moves out and in.

If the round window is closed by abnormal bone formation, the sound waves will not be able to oscillate ( Otosclerosis. It increases deafness and treated by scraping the bone off the round window.

The Organ of Corti ( It is the receptor organ that generates nerve impulses in response to vibration of the basiliar membrane. 

· It rests on the basiliar membrane and it is composed of supporting cells and hearing receptor cells called cochlear hair cells. These hair cells move across the tectorial membrane when the basiliar membrane moves. Bending of the hair cells in one direction depolarizes the hair cells, and their bending in the opposite direction hyperpolarizes the cell. 
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· The basiliar membrane varies in width and stiffness. It is narrow and stiff at the basal end, close to the oval window, and it is wide and flexible at the apical end. Therefore different parts of the basiliar membrane responds differently to different frequencies of sound.

·  The apical end responds maximally to low frequencies and the basal end to high frequencies. The hair cells also show variability being short and stiff at the basal end and long and flexible at the apical end. Therefore there is a limited range of sound frequencies that the hair cells can respond to. 

( Pitch or Frequency = number of waves in time (high/low)

( Normal frequency = 20 to 20,000 Hz

( Amplitude of sound (loud/soft)

( The membrane detects high frequencies at the base, low frequencies at the apex and middle sized frequencies in the middle.

( Sudden high sound can tear the hair cells (ex:car accident) by shearing off the hair cells from the tectorial membrane. 

Decibel Unit: a unit for expressing the relative loudness of sound on a logarithmic scale. 0 dB = threshold for hearing, barely audible

10 dB= 10 x 0dB and 20 dB = 100 x 0dB ..etc

Above 90 dB hearing loss can occur.

Frequency Analyzers: they are important to analyze sound at the level of the Organ of Corti. It enables differentiation of sound waves. 

· An audiometer is used to determine the nature of hearing disabilities. In audiometry, the patient is placed in sound proof room with earphones in order to check one ear at a time. Each ear is presented with tones of different frequencies and intensities. An audiogram is plotted and it shows the thresholds of frequencies of sound for each ear. Comparing the audiogram with that of normal people will show the auditory deficit in decibels. 

· Air conduction is the conduction of air from the external ear through the middle and then inner ear.

· Bone conduction is the conduction of sound waves through the skull bone. It stimulates the inner ear without the external and middle ear. 


A typical audiogram comparing normal and impaired hearing. The dip or notch at 4 kHz as shown, or at 6 kHz, is a symptom of noise-induced hearing loss.
Hearing Abnormalities: Deafness

There are mainly two types of deafness: conductive deafness and sensorineural deafness.

1. Conductive deafness: involves impairment of the transmission of sound energy from the air to the inner ear. It can result from excess wax buildup in the external auditory meatus, otitis media (inflammation of the middle ear), otosclerosis, or accumulation of fluid in the middle ear (impedes movement of the eardrum and ossicles). 

2. Sensorineural deafness: results from damage to the cochlea and hair cells or the ascending afferent pathways to the brain. It can result from exposure to loud sounds, cochlear lesions and aging.

3. Mixed hearing loss: both conductive and sensorineural hearing loss.
Gunshot damage ( only a specific frequency is not heard.

These two types of deafness can be distinguished by several tests:

1. Rinne’s Test: (1 ear) Strike the tuning fork, place it at the mastoid process of the temporal bone, and wait till the patient says he can’t hear the sound vibrations anymore and then place the fork next to the ear you are testing. If normal he will hear, if not then there is conduction deafness in that ear.

2. Weber Test: (two ears) Lateralisation It is used to evaluate the presence of a conduction hearing loss. A vibrating tuning fork is placed on the forehead of the patient in the midline. The patient is asked to localize the sound or say where the sound comes from. Normally, the sound is not localized to a particular ear. 
However, if the person has conductive deafness, the sound is localized to the deaf ear, because the sound is conducted to the cochlea through the bone. Bone-conducted sound can activate the organ of Corti but not as well as sound conducted through the tympanic membrane. The reason thought to explain why sound is not localized to the normal ear may be that hearing in the normal ear is inhibited by the surrounding sound level (auditory masking). 

In patients with sensorineural hearing loss, sound is localized to the normal side.

Presbycusis ( Loss of ability to perceive or discriminate sounds as a part of the aging process; usually able to hear only low frequencies. 
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FIGURE 1. The Weber test. 

Holding a tuning fork on the middle of the patient's forehead, the physician asks, "Where do you hear this loudest--left, right or in the middle?" The sound localizes toward the side with a conductive loss (toward the worse-hearing ear) or away from the side with a sensorineural loss (toward the better-hearing ear). The physician can clarify this test by performing the test on himself or herself, plugging one ear with a finger to simulate a conductive loss. The Weber test is only useful if there is an asymmetric hearing loss. If hearing is symmetric (normal), the patient perceives the sound in the middle of the forehead.
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FIGURE 2. The Rinne test. 

Holding a vibrating tuning fork against the mastoid process, the physician asks the patient to indicate when the sound can no longer be heard. At this point, the physician places the tuning fork in front of the auditory meatus to determine whether the sound can be heard again. Normal hearing patients and patients with sensorineural hearing loss hear the sound longer through air than bone. The result is reported as "AC > BC" (air conduction greater than bone conduction). In a conductive hearing loss, bone conduction becomes equal to or greater than air conduction. This result is reported as an "abnormal Rinne" or "reversed Rinne."
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