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markedly improved. This, inturn, hasled to abroaden-
ing of criteriafor implant patients. Select patientswith
severe hearing loss who receive some benefit from
hearing aids are considered possible implant candi-
dates.
—Marcia J. Weiss, J.D.
Seealso Aging; Audiology; Ear surgery; Ears, Hear-
ing loss; Hearing tests; Otorhinolaryngol ogy; Senseor-
gans.
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HEARING LOSS

DISEASE/DISORDER

ANATOMY OR SYSTEM AFFECTED: Ears, nervous
system

SPECIALTIES AND RELATED FIELDsS: Audiology, ge-
riatrics and gerontology, neurology, occupational
health, otorhinolaryngology

DEFINITION: LOSS of sensitivity to sound pressure
changes as a result of congenital factors, disease,
traumatic injury, noise exposure, or aging.

KEY TERMS:

aging process:. the processinwhich physiological, neu-
rological, and biological changesaffect behavior and
function

auditory: referringtotheear and tothe senseof hearing

auditory cortex: that portion of thetemporal lobeinthe
human brain where the ascending auditory pathway
terminates

auditory nerve: the cochlear branch of the eighth cra-
nial nerve

neural hearing loss. hearing impairment caused by a
loss of the neural tissue that constitutes the ascend-
ing pathway of the auditory system

ossicles: three small bones located in the middle ear
that convey sound pressure changes from the tym-
panic membrane (eardrum) to the oval window of the
cochlea; the bones are commonly referred to as the
hammer (malleus), anvil (incus), and stirrup (stapes)

phonology: the study of the sounds that make up any
verbal language system

sensory hearing loss: hearing impairment caused by a
loss of sensory cells (nerve cells) in the cochlea

THE PHYSIOLOGY OF THE EAR
Thenormal, young ear is capable of detecting frequen-
cies(tones) from aslow as 20 hertz to as high as 20,000
hertz. (Hertz is the current notation for cycles per sec-
ond.) Actually, in terms of frequency, humans can hear
aslow as2 hertz, but about 20 hertzisrequiredfor aper-
ception of “tonality.” Thisisan amazing range. At the
very low end of the frequency scale, oneis not certain
whether atoneis being “heard” or whether the sensa-
tionisa“tactile” one. (There is some neuroanatomical
speculation that the organ of hearing is avery special-
ized tactile sensor.) At the very high end of the fre-
guency scale, one can detect the highest strings of the
violin, the rustle of leaves as they are disturbed by the
wind, and the distinctive cry of birds and animals. A
host of other soundsin between the lowest and highest
frequencies can also be perceived. The subjective, psy-
chological correlate of frequency is pitch. In general,
the higher the frequency of a sound, the higher is the
perceived pitch.

Theear performsan amazing feat in dealing with the
broad range of intensities. Intensity is directly propor-
tional to the magnitude of sound pressure change. The
ear is so sensitive to small changes in sound pressure
that the normal ear is capable of detecting pressure
changes no greater than the diameter of a hydrogen
molecule. At the other end of this continuum, the hu-
man ear can withstand great amplitude changes in
sound pressure without damage. In terms of sound
pressure units, the range from the weakest sound de-
tected to the loudest sound tolerated represents aratio
of 10,000,000:1. In other words, the most intense sound
pressure that is bearable is on the order of 10,000,000
timesasgreat asthe softest onethat isperceptibleunder
optimum listening conditions.

Intensity is expressed in decibels. Essentialy, the
higher the decibel value, the more intense or louder the
sound. Theear issensitiveto arange of intensitiesfrom
about 0 decibelsto about 135 decibels. At the very ex-
treme of thisrange, pain isexperienced and permanent
damage can occur if the sound intensity is prolonged.
The psychological correlate of intensity is loudness.
Under ideal conditions, if theintensity isincreased by 9
decibels, thesignal isperceived asbeing twiceasloud.

Theability to process acoustic information correctly
depends on the critical relationship between frequency
and intensity. Thecritical frequency range needed to un-



HEARING LOSs ¢ 1171

INFORMATION ON HEARING LOSS

CausEs: Buildup of earwax, perforated eardrum,
disease, congenital malformation, swelling of
external ear canal, otitis media, traumatic in-
jury, long-term exposure to loud and continu-
ous noise, tumors

Symproms: Difficulty understanding speech,
difficulty hearing in presence of background
noise, socia isolation

DuraTION: Rangesfrom short-termto chronic

TREATMENTS: Rehabilitation programs, use of
hearing aids, surgery

derstand the English phonol ogical system extendsfrom
about 300 hertz to 4,000 hertz. Theoretically, if one
heard no other sounds above 4,000 hertz and bel ow 300
hertz, one would experience no difficulty in understand-
ing theintended message. Relativeto intensity, alistener
would have no difficulty in information processing if
speech were presented at 65 decibels at a distance of
onemeter. Inadditiontothelistener’sdistancefromthe
speech source, speech understanding isalso influenced
by ambient background noise. For adequate processing
to occur, speech must belouder than theambient noi se.
Sound is produced by a generating source such as a
musical instrument, sounds of nature, or the vibrations
of thehuman vocal cordsthat createavoice. Theresult-
ing series of sound pressure changes represents all the
frequency and intensity characteristics generated at the
source. These sound pressure changes travel through
the atmosphere at a constant speed (approximately 335
meters per second at sea level). They are channeled
through the external ear canal and strike the eardrum
(tympanic membrane). Theeardrumis sensitiveto neg-
ative and positive changesin sound pressure and moves
in concert with these changes. The greater the sound
pressure, the greater is the magnitude of movement.
Similarly, the higher the frequency, the more rapid are
the movements of the eardrum. In the middle ear of the
hearing system are three small bones, called ossicles.
Thefirst of these, the hammer (malleus), is attached to
the eardrum. The second, the anvil (incus), is attached
by ligamentsto the malleus and to the third ossicle, the
stirrup (stapes), which in turn attaches to the oval win-
dow membrane of the cochlea. Asthe eardrumisdis-
placedin anegative or positivedirection by sound pres-
sure changes in the external ear canal, there is an
absolute and corresponding movement of theossicles.

In the cochlea, there are three anatomical divisions:
the scalavestibuli, the scalatympani, and the scalame-
dia. Each of these spacesisfilled with afluid. Thefluid
of thescalamediaischemically different fromthefluid
in the other two spaces. Housed in the scalamedia are
all the specialized nervous tissues that respond to the
movement of the fluid. These specialized nerve cells
aresituated on top of an anatomical structure called the
basilar membrane. The wave forms generated within
the fluid are caused by the movement of the stapes
bones, as the oval window membrane communicates
directly with thefluid of the cochlear space. Therate at
which the stapes moves will cause the basilar mem-
brane to be displaced at a site-specific location along
its length. High-frequency sounds generate amplitude
changes of the membrane at the apical portion. The
movement of the membrane causes the small nerve
cells (hair cells) to “fire,” creating a neural discharge
that travels from the cochlea to the temporal cortex of
the brain. The neural events generated by sound pres-
sure changes are interpreted by the brain.

CAUSES, SYMPTOMS, AND TREATMENTS

In the truest sense, hearing loss is any reduction in
threshold sensitivity for any frequency, including those
below or above the range for the normal hearing of
speech. The real issue, however, is whether minor
changes in sensitivity create significant problems in
understanding speech and other information-bearing
acoustic signals. For example, it is known that loss of
threshold sensitivity below 300 hertz and above 4,000
hertz hasaminimal effect on understanding speech in-
formation. Itiswhen hearing lossexistswithin thiscrit-
ical frequency range that an individual may experience
appreciable difficulty in understanding intended mes-
sages. The question becomes, then, “What conditions
may cause a permanent or temporary loss of hearing,
and how issuch aloss managed by medical, surgical, or
rehabilitative intervention?’

Conductive Hearing Loss. Any barrier or impedance
that keeps sound from reaching the cochlea of the hu-
man auditory system at itsintended loudnessistermed
“conductive hearing loss” A very common cause of
conduction lossisabuildup of earwax (cerumen) inthe
external ear canal. The production of earwax in the ear
canal is essential. It prevents the skin of the ear canal
from drying and sloughing off, and it may serveto trap
minute foreign particles and keep them from causing
damage to the external canal. Normally, earwax will
migrate out of the ear and create no conduction prob-
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lem. It is when the earwax accumulates to an amount
sufficient to block sound from entering the ear that
something needsto be done. In most cases, earwax can
be removed by irrigation. A physician washes out the
earwax using a special liquid solution that does not
damagethetissueof theear canal or theeardrumitself.

Another cause of conductive hearing loss is a hole
(perforation) in the eardrum, which can be created by a
number of conditions, including injury. Depending on
the size and location of the hole, surgery (tympano-
plasty) is often successful in restoring normal hearing
function. For some persons, otosclerosis (a disease
causing hardening and fixing of thethree small bonesin
the middle-ear space) results in significant conductive
hearing impairment. Otosclerosis prevents these tiny
bones from moving efficiently as the eardrum moves,
and hearing sensitivity is reduced. Fortunately, ad-
vancesin surgical procedures have allowed the surgeon
toreplacethe stapesbonewith asuitable prosthesis, re-
instating relatively normal activity of the ossicles and
greatly improving hearing ability.

Congenital malformation of the pinna or the ear ca-
nal, known asatresia, isan infrequent cause of conduc-
tive hearing loss. Often, when the pinnais malformed,
thereisno openingintotheear canal. In some cases, the

ear canal hasfailed to devel op. Depending onthe sever-
ity of themalformation, of either the pinnaor theear ca-
nal, surgery may be successful in restoring function.
Other causes of conductive hearing lossinclude Eusta-
chian tube malfunction, disruption of the ossicular
chain (the three tiny bones in the middle ear), and
swelling (edema) of the external ear canal.

A frequently occurring cause of conductive pathol-
ogy is otitis media. Otitis media may refer to inflam-
mation involving the middle-ear space or to a disorder
in which the middle ear is filled with a watery fluid.
In some cases, the fluid may harbor bacteria, creating
significant medical problems if this condition is not
treated early. Such middle-ear effusionsare more com-
mon in children than in adults. If fluid is present in the
middle ear, its mass will restrict the movement of the
ossicles and create hearing impairment. Generally, pa-
tients with otitis media can be successfully treated
through medical or surgical intervention.

It must be noted that conductive pathology does not
affect the behavior of inner-ear structures; that is, the
inner ear is capable of normal auditory performance. If
the conductive pathology is eliminated by appropriate
treatment, normal hearing will be restored. Severity of
the condition may prevent the restoration of hearing,
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however, even if an aggressive treatment program is
followed.

Sensorineural Hearing Loss. As amajor classifica
tion of hearing loss, thisterm is somewhat misleading.
Actualy, there aretwo types of hearing losswithinthis
classification. Oneisasensory losswhich involvesthe
destruction of nerve cells (hair cells) in the cochlea.
The other isaneural losswhichinvolvesneural cellsin
the ascending auditory pathway from the cochleato the
brain. It ispossibleto experience onetype of losswith-
out the other. Some examples of sensory loss include
the following: loss of nerve cells resulting from trau-
matic injury to the cochlea, such as from whiplash,
sharp blows to the head, or sudden, brief, and intense
noises; loss of sensory cells from viral infections such
as measles; loss of sensory cells caused by ototoxic
drugssuch asthoseinthe mycin group (such asstrepto-
mycin or kanamycin); congenital problems associated
with alack of embryonic development; and exposureto
loud and continuous (long-term) noise, avery common
cause of hearing lossin adults. Thislast type of impair-
ment is different from traumatic injury resulting from
sudden, intense noise because it may take months or
years for hearing loss caused by long-term noise to
manifest itself. Research has aso established a clear
correlation between the normal aging process and sen-
sory hearing impairment.

When sensory hearing impairment occurs, it is per-
manent. At themoment, thereisno way of regenerating
sensory tissue after the cell body hasdied. Theonly ex-
ception to this ruleis found in those patients suffering
from Méniére's disease. This disorder is often charac-
terized by vertigo, dizziness, vomiting, and hearing
loss. Intheinitial stages, however, thelossof sensitivity
to sound isthe result of changesin cellular physiology
rather than of necrosis (death) of the nerve cells.

Examples of neural hearing loss are found among
those hearing-impaired individual s with tumors, acous-
tic neuromas (benign tumors), cysts, and other anoma-
lous conditions affecting the transmission of nerveim-
pulses from the cochleato the brain. Depending on the
magnitude of the disorder, neural hearing loss has a
much more devastating effect on speech understanding
and signal processing than does sensory loss. As with
sensory hearing impairment, neural hearing loss is a
rather frequent occurrence associated with the aging
process. For asizable portion of those who experience
hearing impairment, components of both sensory and
neural loss are present. If the cause of the hearing defi-
cit is entirely neural in nature, then the impairment is
referred to as a retrocochlear |oss.

For some types of neural pathology, medical or sur-
gical intervention can be undertaken successfully.
Acoustic neuromas are often removed after they have
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been confirmed by audiologic, otologic, radiologic,
and other diagnostic modalities. The size and location
of the neuroma or tumorous growth will often dictate
whether hearing can be preserved following surgery.

For those millions suffering from hearing impair-
ment, it isthe loss of speech discrimination ability that
is of greatest concern. Thousands of studies have been
undertaken to investigate the correlation between the
magnitude, type, and length of hearing loss and the de-
gree of speech recognition difficulty. One of the essen-
tial findings of these studies indicates that, in general,
hearing loss is more pronounced for the high frequen-
cies (above 1,000 hertz), whether the loss is caused by
disease, drugs, noise, or the aging process. Another ma-
jor finding is that one's ability to identify vowel and
consonant information is frequency-dependent. Vowel
identification is dependent on frequencies from about
200 hertz to 1,000 hertz, while consonant i dentification
is dependent on frequencies above 1,000 hertz. A lis-
tener understands about 68 percent of speech soundsif
nothing above 1,500 hertz isheard and about 68 percent
of speech if nothing below 1,500 hertz is heard.

PERSPECTIVE AND PROSPECTS

Hearing lossis quite common and affects some twenty
million Americans, ranging from infantsto the elderly.
The primary reason for preserving hearing is to main-
tain social adequacy in communication skills. Hearing
conservation programs have been instituted by public
and private schools, industry, military installations,
construction organizations, and morerecently, the U.S.
government. In 1970, the Occupational Safety and
Health Act (OSHA) was passed, making it mandatory
for employers to provide safe work areas for workers
exposed to noise levels exceeding government stan-
dards.

For the hearing impaired, understanding of speechis
related to the degree of lossand thetype of impairment.
Because medical or surgical care cannot always ame-
liorate the loss, rehabilitation programs may take the
form of speech or lipreading to improve communica
tion skills. These rehabilitative programs constituted
the treatment of choice until the introduction of wear-
able electric hearing aids.

Before the advent of electric hearing aids, however,
the early ear trumpets were very effective for somein
restoring speech recognition ability. Through inge-
nious design, some of the ear trumpets were “acousti-
cally tuned” to providemoreamplificationinthehigher
frequencies than in the lower, but the volume of sound

was determined by the person talking—often a major
problem for the hearing impaired.

With the devel opment of the vacuum tubein the early
part of the twentieth century, electric hearing aids be-
came the treatment of choice when medical or surgical
intervention was not indicated in resolving the hearing
loss. It was possible not only to control the loudness of
the hearing aid sound (volume) but also to shapethefre-
guency response of theinstrument to match the acoustic
needs of the patient. In the second half of the twentieth
century, there were significant advancesin hearing aid
technology. Transistor technology makesit possible to
reduce the size of the hearing aid device without sacri-
ficing performance. Computer science has also been
used inthe design of hearing aids. With digital technol-
ogy, itisnow possibleto program el ectroacoustic char-
acteristicsintothe hearing aid, which extendsitsutility.

Recently, mgjor emphasis has been given to hear-
ing conservation. Such continuing efforts have beenin-
strumental in conserving the hearing of tens of thou-
sands who might otherwise suffer from hearing losses
sufficient to create problems in speech understanding.
Although such programs are too late for millions of
hearing-impaired individuals, advances in rehabilita-
tive practices and the scientific application and use of
hearing aids have provided them with a quality of life
that was not possible only a generation ago.

—Robert Sandlin, Ph.D.

See also Aging; Audiology; Ear infections and dis-
orders; Ear surgery; Ears, Hearing aids; Hearing tests;
Méniére's disease; Nasopharyngeal disorders; Neural-
gia, neuritis, and neuropathy; Otorhinolaryngology;
Sense organs; Speech disorders.
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HEARING TESTS

PROCEDURE

ANATOMY OR SYSTEM AFFECTED: Ears, nervous
system

SPECIALTIES AND RELATED FIELDS: Audiology, neu-
rology, otorhinolaryngology, speech pathology

DEFINITION: Evaluation techniques for determining
the type and severity of hearing loss in children.

KEY TERMS:

auditory brainstem response: measurement of the ner-
vous discharge produced by the central auditory sys-
tem as aresponse to sound stimulation; also known
as brainstem auditory evoked response (BAER) or
auditory brainstem potentials (ABR)

auditory nerve: the nerve that conducts sound stimuli
to the brain for interpretation

behavioral audiometry: a technique that the audiolo-
gist employsto evaluate hearing in infants, toddlers,
or uncooperative patients (both children and adults)
with developmental deficits

cochlea: the organ localized in the inner portion of the
auditory system that detects sound

mastoid: referring to the bone behind the ear

middle ear: the part of the auditory system, consisting
of the ossicular chain and the auditory tube, that
serves as a conductor of and transducer of sound

otoacoustic emissions: sound produced in the middie
ear asaresponseto thevibration produced by the co-
chlea when it is stimulated by external sounds

INDICATIONS AND PROCEDURES

Hearing tests are done to establish the presence, type,
and severity of hearing impairment in children and
adults. Such tests are conducted by an audiologist, al-
though screening tests can al so be done by atechnician
under the supervision of an audiologist. The severity of
hearinglossisclassified asmild, moderate, moderately
severe, severe, and profound. It is also classified ac-
cording to the anatomic region affected: conductive,
sensorineural, or mixed hearing loss.

Theselection of teststo eval uate hearing will depend
on the patient’s age and ability to follow directions and
theability of theaudiologist to elicit responsesfromthe
patient. When apatient cannot follow instructions such
aslifting ahand or pressing abutton, atest that does not
requirethe patient’s cooperation is used. Two tests that
do not requirethe patient’s cooperation arethe auditory
brainstem potential (ABR) test and the evoked oto-
acoustic emissions(EOAE) test. Bothtestsrequireonly
that the patient be quiet. For this purpose, the patient
may need sedationif normal sleep cannot beinduced.

The ABR test requires the placement of four elec-
trodes in the child’s head: in both mastoid regions and
in the mid forehead and upper center of the head. A
stimulus is sent through a small microphone placed in
the patient’s external ear canal or via headphones. The
instrument records the average of the electrical dis-
charges generated by the auditory nerve in response
to sound stimuli and produces a tracing of waves that
correspond to the different electrical potentials gen-
erated in response to the stimuli. Analysis of the
waves can determine the presence of hearing loss and
measure its severity. The ABR test may be used for
screening, to determinewhether the subject can hear, or
for theclinical evaluation of hearingloss. It can bedone
at any age. An automated method of ABR testing is
available for screening newborn infants for hearing
loss; it automatically determines if the patient has
passed or failed. The clinical ABR test requires spe-
cialy trained personnel and takes from forty-five to
fifty minutesto perform. The automated method can be
applied by a technician.





