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Hearing loss is one of the most common sensory disorders in humans
and can present at any age. Nearly 10% of the adult population has
some hearing loss, and one-third of individuals age >65 years have a
hearing loss of sufficient magnitude to require a hearing aid.
PHYSIOLOGY OF HEARING
The function of the external and middle ear is to amplify sound to
facilitate conversion of the mechanical energy of the sound wave
into an electrical signal by the inner ear hair cells, a process called
mechanotransduction (Fig. 43-1). Sound waves enter the external
auditory canal and set the tympanic membrane (eardrum) in motion,
which in turn moves the malleus, incus, and stapes of the middle ear.
Movement of the footplate of the stapes causes pressure changes in the
fluid-filled inner ear, eliciting a traveling wave in the basilar membrane
of the cochlea. The tympanic membrane and the ossicular chain in the
middle ear serve as an impedance-matching mechanism, improving
the efficiency of energy transfer from air to the fluid-filled inner ear.
Stereocilia of the hair cells of the organ of Corti, which rests on the
basilar membrane, are in contact with the tectorial membrane and
are deformed by the traveling wave. A point of maximal displacement of the basilar membrane is determined by the frequency of the
stimulating tone. High-frequency tones cause maximal displacement
of the basilar membrane near the base of the cochlea, whereas for
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low-frequency sounds, the point of maximal displacement is toward
the apex of the cochlea.
The inner and outer hair cells of the organ of Corti have different innervation patterns, but both are mechanoreceptors. The
afferent innervation relates principally to the inner hair cells, and the
efferent innervation relates principally to outer hair cells. The motility
of the outer hair cells alters the micromechanics of the inner hair cells,
creating a cochlear amplifier, which explains the exquisite sensitivity
and frequency selectivity of the cochlea.
Beginning in the cochlea, the frequency specificity is maintained at
each point of the central auditory pathway: dorsal and ventral cochlear
nuclei, trapezoid body, superior olivary complex, lateral lemniscus,
inferior colliculus, medial geniculate body, and auditory cortex. At
low frequencies, individual auditory nerve fibers can respond more
or less synchronously with the stimulating tone. At higher frequencies, phase-locking occurs so that neurons alternate in response to
particular phases of the cycle of the sound wave. Intensity is encoded
by the amount of neural activity in individual neurons, the number
of neurons that are active, and the specific neurons that are activated.
There is evidence that the right and left ears as well as the central
nervous system may process speech asymmetrically. Generally, a
sound is processed symmetrically from the peripheral to the central
auditory system. However, a “right ear advantage” exists for dichotic
listening tasks, in which subjects are asked to report on competing
sounds presented to each ear. In most individuals, a perceptual right
ear advantage for consonant-vowel syllables, stop consonants, and
words also exists. Similarly, whereas central auditory processing for
sounds is symmetric with minimal lateral specialization for the most
part, speech processing is lateralized. There is specialization of the left
auditory cortex for speech recognition and production, and of the right
hemisphere for emotional and tonal aspects of speech. Left hemisphere
dominance for speech is found in 95–98% of right-handed persons and
70–80% of left-handed persons.
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possibly from its anticholinergic effects. A recent study suggests that
the use of the centrally acting acetylcholinesterase inhibitor donepezil
in AD resulted in improvements on smell identification measures
that correlated with overall clinician-based impressions of change in
dementia severity scores.
Alternative therapies, such as acupuncture, meditation, cognitivebehavioral therapy, and yoga, can help patients manage uncomfortable
experiences associated with chemosensory disturbance and oral pain
syndromes and to cope with the psychosocial stressors surrounding
the impairment. Additionally, modification of diet and eating habits
is also important. By accentuating the other sensory experiences of
a meal, such as food texture, aroma, temperature, and color, one can
optimize the overall eating experience for a patient. In some cases, a
flavor enhancer like monosodium glutamate (MSG) can be added to
foods to increase palatability and encourage intake.
Proper oral and nasal hygiene and routine dental care are extremely
important ways for patients to protect themselves from disorders of
the mouth and nose that can ultimately result in chemosensory disturbance. Patients should be warned not to overcompensate for their taste
loss by adding excessive amounts of sugar or salt. Smoking cessation
and the discontinuance of oral tobacco use are essential in the management of any patient with smell and/or taste disturbance and should be
repeatedly emphasized.
A major and often overlooked element of therapy comes from chemosensory testing itself. Confirmation or lack of conformation of loss
is beneficial to patients who come to believe, in light of unsupportive
family members and medical providers, that they may be “crazy.” In
cases where the loss is minor, patients can be informed of the likelihood of a more positive prognosis. Importantly, quantitative testing
places the patient’s problem into overall perspective. Thus, it is often
therapeutic for an older person to know that, while his or her smell
function is not what it used to be, it still falls above the average of his
or her peer group. Without testing, many such patients are simply told
they are getting old and nothing can be done for them, leading in some
cases to depression and decreased self-esteem.

DISORDERS OF THE SENSE OF HEARING
Hearing loss can result from disorders of the auricle, external auditory
canal, middle ear, inner ear, or central auditory pathways (Fig. 43-2).
In general, lesions in the auricle, external auditory canal, or middle ear
that impede the transmission of sound from the external environment to
the inner ear cause conductive hearing loss, whereas lesions that impair
mechanotransduction in the inner ear or transmission of the electrical
signal along the eighth nerve to the brain cause sensorineural hearing
loss.
Conductive Hearing Loss The external ear, the external auditory canal,
and the middle ear apparatus is designed to collect and amplify sound
and efficiently transfer the mechanical energy of the sound wave to the
fluid-filled cochlea. Factors that obstruct the transmission of sound
or serve to dampen the acoustical energy result in conductive hearing
loss. Conductive hearing loss can occur from obstruction of the external auditory canal by cerumen, debris, and foreign bodies; swelling of
the lining of the canal; atresia or neoplasms of the canal; perforations
of the tympanic membrane; disruption of the ossicular chain, as occurs
with necrosis of the long process of the incus in trauma or infection;
otosclerosis; or fluid, scarring, or neoplasms in the middle ear. Rarely,
inner ear malformations or pathologies, such as superior semicircular canal dehiscence, lateral semicircular canal dysplasia, incomplete
partition of the inner ear, and large vestibular aqueduct, may also be
associated with conductive hearing loss.
Eustachian tube dysfunction is extremely common in adults and may
predispose to acute otitis media (AOM) or serous otitis media (SOM).
Trauma, AOM, and chronic otitis media are the usual factors responsible for tympanic membrane perforation. While small perforations
often heal spontaneously, larger defects usually require surgical
intervention. Tympanoplasty is highly effective (>90%) in the repair
of tympanic membrane perforations. Otoscopy is usually sufficient
to diagnose AOM, SOM, chronic otitis media, cerumen impaction,
tympanic membrane perforation, and eustachian tube dysfunction;
tympanometry can be useful to confirm the clinical suspicion of these
conditions.
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