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HEARING 

The external ear, middle ear and cochlea of the inner ear are 

concerned with hearing. The external ear funnels sound waves to the 

external auditory meatus. From the meatus, the external 

auditory canal passes inward to the tympanic membrane 

(eardrum). The middle ear is an air-filled cavity, in the temporal bone, 

that opens via the auditory (eustachian) tube into the nasopharynx 

and through the nasopharynx to the exterior. The tube is usually 

closed, but during swallowing, chewing, and yawning it opens, 

ventilating the middle ear and keeping the air pressure on the two 

sides of the eardrum equalized. In the middle ear, there are 3 

auditory ossicles; the malleus, incus, and stapes. The malleus is 

attached to the center of the tympanic membrane, and at its other 

end, the malleus is bound to the incus by ligaments, so that 

whenever the malleus moves, the incus moves with it. The opposite 

end of the incus in turn articulates with the head of the stapes. The 

foot plate of the stapes is attached by a ligament to the walls of the 

oval window, where sound waves are conducted into the inner ear. 

Two small skeletal muscles, the tensor tympani, and the stapedius 

are also located in the middle ear. In order to open the auditory tube, 

the tensor tympani muscle (innervated by mandibular branch of 

trigeminal N), attaching to the auditory tube and the malleus, must 

contract. This occurs during swallowing, yawning, and sneezing. 

Stapedius muscle (innervated by facial N) is protective; this protection 

is achieved by the action of the stapedius muscle, which attaches to 

the neck of the stapes. When sound becomes too loud, the stapedius 

muscle contracts and dampens the movements of the stapes against 

the oval window. This action helps to prevent nerve damage within 

the cochlea. If sounds reach high amplitudes very quickly, however—

as in gunshots—the stapedius muscle may not respond soon enough 

to prevent nerve damage). Inner ear (or labyrinth) is made up of 2 

parts, one within the other. The bony labyrinth is a series of 

channels in the petrous part of the temporal bone. Inside these 

channels, surrounded by a fluid called perilymph, is the 

membranous labyrinth, which more or less duplicates the shape of 

the bony channels and is filled with a fluid, called endolymph. There 

is no communication between the spaces filled with endolymph and 

those filled with perilymph. Labyrinth is composed of cochlea, which 

is concerned with hearing, and the vestibular apparatus, which is 

concerned with equilibrium and is discussed later. The cochlear 

portion of the labyrinth is a coiled tube. Throughout its length, the 

Reissner’s membrane and the basilar membrane divide it into 3 

chambers (scalae) (figs.). The upper, scalavestibuli, and the lower, 

scala tympani, contain perilymph and communicate with each 

other at the apex of the cochlea through a small opening called the 

helicotrema. At the base of the cochlea, the scalavestibuli ends at 
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the oval window, which is closed by the foot plate of the stapes. The 

scala tympani ends at the round window, a foramen on the medial 

wall of the middle ear that is closed by the flexible secondary 

tympanic membrane. The scala media, the middle cochlear 

chamber, is continuous with the membranous labyrinth and does not 

communicate with the other two scalae. It contains endolymph. The 

scalavestibuli and scala media are separated from each other by 

Reissner’s membrane. The scala tympani and scala media are 

separated from each other by the basilar membrane. Scala vestibuli 

and scala tympani communicate directly with the subarachnoid 

space around the brain, so that the perilymph is almost identical with 

cerebrospinal fluid. On the other hand, the endolymph that fills the 

scala media is an entirely different fluid secreted by the 

striavascularis, a highly vascular area on the outer wall of the 

scala media. Endolymph contains a high concentration of potassium 

and a low concentration of sodium, which is exactly opposite to the 

contents of perilymph.  

Organ of Corti is the receptor organ; the structure containing the 
hair cells which are the auditory receptors and is located on the 
basilar membrane (fig.14). It extends from the apex to the base of the 
cochlea. The hair cells are mechanoreceptors and are covered by the 
thetectorial membrane. The apical processes (hairs) of the hair cells 
either touch or are embedded in the tectorial membrane. The axons of 
the neurons that innervate the hair cells form the auditory (cochlear) 
division of the vestibulocochlear nerve. 
Sound Waves 

Sound is the sensation produced when longitudinal vibrations of 
the molecules in the external environment, i.e. alternate phases of 
condensation and rarefaction of the molecules, strike the tympanic 
membrane. A plot of these movements as changes in pressure on the 
tympanic membrane per unit of time is a series of waves (fig.), and such 

movements in the environment are generally called sound waves. 
Two parameters related to sound are: 
1-Frequency (number of waves or cycles per unit of time) expressed as 
cycles per second (cps) or Hertz (Hz). The pitch of a sound correlates 
with the frequency. The greater the frequency, the higher the pitch. 
2- Amplitude of a sound wave. This can be expressed in terms of the 
maximum pressure change at the eardrum. Loudness of a sound is 
correlated with the amplitude of the sound wave. The greater the 
amplitude, the louder the sound and the higher the intensity of the 
sound. Sound intensity is usually measured in decibels. A decibel (dB) 
is 0.1 bel. The intensity of a sound in bels is the logarithm of the ratio of 
the intensity of that sound and a standard sound. 

sound standard ofintensity 

sound ofintensity 
 log 10  dB ofNumber   

Sound intensity is proportionate to the square of sound pressure, 
therefore: 
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sound standard of pressure

sound of pressure
 log 20  dB ofNumber   

The standard sound reference level corresponds to O dB at a 
pressure level of 0.000204dyne/ cm2, a value that is just at the 
auditory threshold for the average human. As shown above, the dB 
scale is a log scale. So O dB does not mean the absence of sound, but a 
sound level of intensity equal to that of the standard. 
O – 120 dB is the range from threshold intensity to maximum intensity 
tolerated. 140 dB may damage organ of Corti.  
The sound frequencies audible to humans range from about 20 to a 

maximum of 20000 cps. During normal aging, sensitivity to the 
higher frequencies is gradually lost. 
Sound waves that have repeating patterns, even though the individual 

waves are complex, are perceived as musical sounds. Waves which 

have no regular pattern are perceived as noise 

Types of Sound Conduction 
Conduction of sound waves to the fluid of the inner ear via the 

tympanic membrane and the auditory ossicles is called ossicular 

conduction. It is the main pathway for normal hearing. 
Sound waves can also be conducted from the tympanic membrane 

to the cochlea through air within the middle ear. They initiate vibrations 
of the secondary tympanic membrane that closes the round window. 
This process, unimportant in normal hearing, is called air conduction. 

The third type of conduction is bone conduction; the cochlea is 
embedded in a bony cavity in the temporal bone (called bony labyrinth), 
so vibrations of the bones of the skull can cause fluid vibrations in the 
cochlea. This occurs when tuning forks or other vibrating bodies are 
applied directly to the skull. 

 
Functions of the Tympanic Membrane & Auditory Ossicles 

In response to the pressure changes produced by sound waves on 
its external surface, the tympanic membrane moves in and out. It stops 

vibrating almost immediately when the sound wave stops. When the 
tympanic membrane is vibrated, the ossicles are set in motion whereby 
the stapes transmit the vibrations to the oval window and the fluid-
filled scalavestibuli. Thus, the auditory ossicles function as a lever 
system that converts the vibrations of the tympanic membrane into 
movements of the stapes against the perilymph filled scalavestibuli of 
cochlea. This system increases the sound pressure that arrives at the 
oval window,because the lever action of the ossicles multiplies the force 
of movement about 1.3 times, and the area of the tympanic membrane 
is much greater than the area of the foot plate of stapes (17-fold 
difference). The lever action of the ossicles and the large area of the 
tympanic membrane compared to the stapes cause about 22 times as 
much pressure to be exerted on the fluid of the cochlea as is exerted by 
the sound wave against the tympanic membrane. This increased 
pressure is needed to cause vibration in the fluid. 
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Transmission of Sound Waves in the Cochlea, Hair Cell Receptor 

Potentials & Excitation of Auditory Nerve Fibers 
The ear converts sound waves in the external environment into 

action potentials in the auditory nerves. The waves are transformed by 
the tympanic membrane and auditory ossicles into movements of the 
foot plate of stapes at the oval window. These movements set up 
traveling waves in the perilymph of the scalavestibuli. The Reissner’s 
membrane is so thin and easily moved it doesn’t obstruct the passage 
of sound vibrations from scalavestibuli to scala media at all. So when 
pressure is applied against the scalavestibuli by inward motion of the 
foot plate of stapes, fluid in scalavestibuli and scala media displace the 
basilar membrane which, in turn, displaces fluid in scala tympani, 
pushing the round window outward (when the foot plate of stapes 
moves inward against the oval window, the round window must bulge 
outward because the cochlea is bounded on all sides by bony walls) 
(Fig.. Therefore, sound produces displacement of the basilar membrane 
and the site at which displacement is maximum is determined by the 
frequency of the sound wave. Organ of Corti (containing the hair cells) is 
on the basilar membrane (Fig. 14), so movements of the basilar 
membrane leads to bending of the hairs, thus providing adequate 
stimulation of the hair cells. Bending of the hairs in one direction 
produces depolarization (depolarizing hair cell receptor potential), and a 
synaptic transmitter is released that depolarizes the afferent neurons in 
contact with the hair cells. Conversely displacement of the hairs in the 
opposite direction hyperpolarizes the cells, and less transmitter is 
released. 
The Central Auditory Pathways 

The axons of the neurons innervating the hair cells, which form 
the cochlear division of the vestibulocochlear nerve, terminate in the 
dorsal and ventral cochlear nuclei at the junction between the 
medulla and the pons (fig.), from these nuclei axons carrying auditory 
impulses pass via a variety of crossed and uncrossed pathways to the 
inferior colliculi in midbrain, where either all or almost all of them 
terminate. From the inferior colliculus, the pathway passes to the 
medial geniculate body in thalamus, where all the fibers synapse. 
From here the auditory pathway proceeds by way of the auditory 

radiation to the primary auditory cortex which is in the superior 
portion of the temporal lobe. Impulses from the primary auditory cortex 
pass to the auditory association areas which are adjacent to the 
primary auditory area.  

It should be noted that signals from both ears are transmitted 
through the pathways of both sides of the brain with slight 
preponderance of transmission in the contralateral pathway. 

Cochlear tuning: Just as we tune a radio to receive a certain 
frequency, we also tune our cochlea to receive some frequencies better 

than others. The outer hair cells (OHCs) are supplied with a few 
sensory fibers (5%–10% of those in the cochlear nerve), but more 
importantly, they receive motor fibers from the brain. In response to 
sound, the OHCs trigger nerve signals to the medulla by way of the 
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sensory neurons, and the pons sends signals immediately to the OHCs 
by way of the motor neurons. In response, the hair cells contract by 
about 10% to 15%. Because an OHC is anchored to the basilar 

membrane below and its stereocilia are embedded in the tectorial 
membrane above, contraction of an OHC reduces the basilar 
membrane’s freedom to vibrate. This results in some regions of the 
organ of Corti sending fewer signals to the brain than neighboring 
regions, so the brain can better distinguish between the more active and 
less active hair cells and sound frequencies. When OHCs are 
experimentally incapacitated, the inner hair cells (IHCs) respond much 
less precisely to differences in pitch. There is another mechanism of 
cochlear tuning involving the inner hair cells. The pons sends efferent 
fibers to the cochlea that synapse with the sensory nerve fibers near 
the base of the IHCs. The efferent fibers can inhibit the sensory fibers 
from firing in some areas of the cochlea, and thus enhance the contrast 
between signals from the more responsive and less responsive regions. 
Combined with the previously described role of the OHCs, this sharpens 
the tuning of the cochlea and our ability to discriminate sounds of 
different pitch. 

Many collateral fibers from the auditory tracts pass directly into 
the reticular activating system of the brain stem. This system 
projects diffusely upward into the cerebral cortex and downward into 
the spinal cord and activates the entire nervous system in response to a 
loud sound. Other collaterals go to the vermis of the cerebellum, which 
is also activated in the event of a sudden noise. 

Destruction of both primary auditory cortices in the human being is 
said to reduce greatly one’s sensitivity for hearing. However, 
destruction of the primary auditory cortex on only one side in the 
human being has little effect on hearing because of the many crossover 
connections from side to side in the auditory neural pathway. Yet this 
does affect one’s ability to localize the source of sound, because 
comparative signals in both cortices are required for this localization 
function. 

Lesions in the human being affecting the auditory association 
areas but not the primary auditory cortex, causes inability to interpret 
the meaning of the sound heard, for example, inability to understand 
the spoken word (word deafness). 
Determination of Sound Frequency 

For any frequency, there is a point along the basilar membrane 
where displacement is maximal and consequently there is maximal 
receptor stimulation at one point. Low frequency sounds cause maximal 
activation of the basilar membrane near the apex of cochlea, sounds of 
high frequency activate the basilar membrane near the base of the 
cochlea, and intermediate frequencies activate the membrane at 
intermediate distances between these two extremes. 

Cochlear nerve fibers from each respective area of the basilar 
membrane terminate in a corresponding area of the cochlear nuclei in 
brain stem and this organization continues all the way up to the 
cerebral cortex. Therefore, the major method used by the nervous 
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system to detect different sound frequencies is to determine the position 
along the basilar membrane that is most stimulated. This is called the 
―place principle‖ for determination of sound frequency. 

 

 

Determination of Loudness 
Loudness is determined by the auditory system in the following 

ways: 
1- By the frequency of action potentials in single auditory nerve 

fibers: As the sound becomes louder, the amplitude of vibration of 
the basilar membrane and hair cells also increases so that the hair 
cells excite the nerve endings at more rapid rates. 

2- By the total number of receptors (hair cells) stimulated: As the 
amplitude of vibration of the basilar membrane increases, it causes 
more of the hair cells to become stimulated, so that the impulses are 

transmitted through many nerve fibers. 
 
Sound Localization 

Determination of the direction from which a sound comes in the 
horizontal plane depends upon: 

1- Detecting the difference in time between the arrivals of the sound 
stimulus in the 2 ears.  

2- It also depends upon the fact that the sound is louder on the side 
closest to the source.  

The two mechanisms above cannot tell whether the sound is 
coming from in front of the person or behind or from above or below. 
This discrimination is achieved mainly by the pinnae of the 2 ears. 
Sounds coming from directly in front of the individual differ in quality 
from those coming from behind, because each pinna is turned slightly 
forward. In addition, reflections of the sound waves from the pinnal 
surface change as sounds move up or down. Thus, the pinna plays an 
important role in locating sounds in the vertical plane. 

Sound localization is markedly disrupted by lesions of the auditory 
cortex in laboratory mammals and humans. 
 
 
 

 

 
Deafness 

Deafness is hearing impairment, which can be either complete or 
partial. 
Conduction Deafness is due to impaired sound transmission in the 
external or middle ear. Among the causes of conduction deafness are: 
wax or foreign body in the external auditory canal, destruction of the 

auditory ossicles, and thickening of the eardrum following repeated 
middle ear infections. In this type of deafness sound waves can still be 
conducted into the cochlea by means of bone conduction from a sound 
generator applied to the skull. 
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Nerve Deafness is due to damage to the hair cells or neural pathways. 
Some of the causes of nerve deafness include tumors of the 
vestibulocochlear nerve and cerebellopontine angle. In addition, 

aminoglycoside antibiotics such as streptomycin can cause 
degeneration of the hair cells. Also damage of the hair cells by 
prolonged exposure to noise is associated with hearing loss. 
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