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Hearing Loss—
Hope Through Research

So:nc years ago pollsters asked a sample of adulis,
“If you had to choose between becoming blind or
becoming deal, which would you choose?" A surpris-
ingly large number chose blindness. As terrilying as a
world of darkness may have seemed, a world of silence
seemed even worse.

When you think abowt it, the reasons are not hard 10
tathom. Human beings are talkers, social creatures who
seek out their fellow beings for conversation and con-
tact. From birth on we cry and coon, look and listen, in
our first attemms to communicate. Bul for over
200,000 newhorns and young infants who gre bom deaf
or suffer severe hearing loss in the first years of life,
that vital communications link never gets forged, Not
only are deal children denivd the wenlth of experience
that comues from listening 1o the sounds of nittere, of
music, and of the human voice, but they must alse
struggle hard to master speech and language,

For those who become profoundly hard ol hearing
later in life, the impact is hardly [ess tragic, A1 present
nearly 2 million Americans are cither toatly deat’ or
suffer such significant hearing loss in both cars that
they cannot hear conversation, a phone ringing, (raftic
noises, or a fire alarm. Another 14-15 million are mod-
erately to severely impaired.

All these people know the loneliness, iselation, and
frustration that comes from hearing loss, They know
whatt i1's like to sit in company and miss the joke or the
gist of conversation, Worse, they soon realize that soci-
ety can be cruel. People are impatient. They don't like
repeting their words or raising their voices, They show
by facinl expression and gesture how annoyed they are
when tlking to someone *who doesn’t understand
what I'my saying.' It s only o short step from that atti-
tude 1o the assumption that people who are hard of
henring are soft in intelligence, Ages ago that assump-
tion led 1o the vulgar use of the word drmb (0 mean
stupid. Duath derives from Old English roas that mean
mute, unable 1o speak; once the comman fate ol those
lrorn deaf,




Fortunately, many dlements in society ~including the
hearing impadred themselves—have raliied o fight ig-
noranee and prejudice, Such well-known figures s
Henry Foada, Nanetre Fabray, Lou Ferrigno (TV's In-
credible HlkY, and New Yeorker cartoonist and chil-
dren's ook author William Stefg have publicly ac-
knowledged their hearing  problems, Their example,
dlong with individuals as celebrated a5 Beethoven,
Thomas Edisorn, Helen Keller aid Winston Charchill,
has helped dispel tie embarrassment that maoey hearing.
impaired people feel, an embarrssment it ofien
mtkes thent deny they hiave o problem and avoid seek-
ing treatmen or wetring & hearing aid,

Pediatricians, family physicians, var specialisis ane
parents ire fnereisingly awitre of the need 1o diagnose
hearing tmpairments early i life, so thar remedinl

Rare phutograph of Fleien Keller, hor togcher
A Sulliveen, anet e Graleen Bell,
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The sooner hearing loss in

infancy is diagnosed, the

better.

measures and langeage and speeeh training can begin.
Many lay and professonal organizations bave formed
to-aid those with hearing impairmens.

In 1975 one of the 1 research Institules of the Ny-
tional Institutes of Healeh in Bethesda, M., aglded
conttnicative disorders 1o its name o emphitsize ils
increasing attention to research on hearing, speech and
language problems, The National Instittte of Neuro-
logical and Communicative Disorders and  Stroke
(NINCDS) is the principal Federal agency supporting
tesearch on the many causes of bearing loss, as well as
on prevention, treatment, and reihititation, Supporl
includes the development of beper hearing aids and
other ways to augment hewring: research on hearing
sins, one might say, to counter hearing fosses,

Through basic studies ol normal hearing and studies
targeted on specific impairments, the primary goal of
the NINCDS research program is to develop improved
methods of prevention, But antil this goal of prevention
is achieved, research altention will continue o be di-
reciedd toward better therapies for the hearing impaired,

Sogtnd and hearing

Human hearing depends on i series of mwehanival
and electrical events (hat enable sonnd waves in air 1o
he converied to electrical impulses cirricd by nerves 1o
the brain.

Sound itself is a form of ¢nergy. Suppose you snap
your fingers, The snap generates o force that presses
against the mokecules of air surrounding your finger-
lips. The moltecules are pushed ou a short disguwe in
all directions, crowding into space occupicd by other air
molecutles so that a densely piwked shell of air mole-
cnles Forms, That shell—sound experts call ita **shell of
compression’ —in turn presses against other air male-
cnies nearby so it they, oo, are pushed oul to form i
second,  slightly Farger shell of compression, which
nudges a third Layer of qtir, and so on.

Meanwhile, the air around your fingertips has be-
come dess dense as & result of those first molecules being
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Iyt your sevapr yaner figers the soumd
ererey crpaies shell of comprression aied
rirefaction fit o,

pushed out, A partiad vikuum s created by this “rar-
efied"” air, and the molecules thar moved out now rish
back 1o (i} that vacuum, Their return ereates o secomd
partial vacuwm in their wake, which the molecules of
the second shebl rush biack and fill. And so it goes,
Thus, the original sound energy penerated by your
fingersnap moves through the air ona “wave™ which is
really o succession of shells of compression and rarefae-
tion created by molecules moving back and forth—
vibrating.

The number of shells of compression that pass a
given point every secomd determines the frequeney of
the sound, measured in eyeles per secand (eps) or Mertz
(Hz), Human beings interpret frequency as piteh: 1he
greater the Frequency, the higher the pileh, How far the
molecules move bick and forth as they vibrate is a
measure of the energy or intensity of sonnct, Human
belngs interpret sound infensity as loudness.,

Qur cars are sensitive (o only certain ranges of fre-
quency and intensity, Healthy young adults can bear
notes as low as 20 Hz—lower thatn the lowest notes of &
bass fiddle—as well as sounds 3 20,0001 1z, bevond the
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upper reaches of a flute, The infensity range 1o which
our cirs respond is eiormotts, When sound is just adi-
ble—the threshold level of hearing—the force of sound
wives acting on the ear is abour 140 million times
snaller tham the lorce needed 10 Lift a 1-ounce weight,
At the other extreme, haman ears can respond—pain-
fully—to sonic booms, explosions, or the noise of jack-
hammers breaking up city streets.

Because the ear can respond o such enormons ringes
of sound energy, inlensity is megsured in ratios, Tha is
the basis of the decibel (B} seale. A sound 10 times
more intense than another al the same frequency differs
from it by 10 dB; asound 100 imes more intense dilfers
by 200dB, The decibel seale is wsoally setan an irbitrary
vero level (0 dB), which does not mein the absence of
sound, but the average threshold level of bearing of
healthy young adults, On that basis, a whisper is abow
20 dB, and normal conversation about 61 dl3, The noise
of a jet 1aking off' s on the order of 160 dB—10 quad-
ritlion times the zero level!

Tuning in

Undersianding these futdamentads of sound explains
a ot of what goes on—and what can go wrang—uwith
the hearing process, Initially the job of the ears is o
pick up sound waves and conduct them aceurately to
the inper eiar. That the cars can manage this 1ask with
preat skill and efficieney is due in part 1o the design of
the outer and middle ear,

When sound waves enter the ear they travel tor an
inch or so down a narrow tube, the extermal auditory
canal, before striking the deticate, skincovered 1ym-
panie membrane, or eardreim, The drum is shaped [ike
o broad flat cone abowt 1/2-inch across and less than
1/50-inch thick. The drum vibrates in tune with the
sound waves striking it and transmits the vibrations ac-
curately to three tiny bones in the middle ear, the ossi-
cles, These bones—the malleus, the ineus, and the
stapes—amplity the vibrations so that the waves can
piss on to the inner ear.
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Stapes

Cochiley

The frones of the smiddedle car showss i povition in
relation o the eurdesn and inner ear,

I not harel 1o wnderstand why specialists find 1he
enr a stunning example of design as well as i clutlenge
for study, For the car's high-fidelity equipment is min-
imturized, The ossicles are the smallest bones in the
human body; they fit into a steingbean-seed sized cavity
that has been carved out of the temporal hone of the
human skull,

Two other leatures of the middie ear are importani:
One is that the compartment conngcts 10 the throat by o
narrow canal with collapsible wills, the ecustichian
tube, When you swallow, the eustachian tube opens so
that air pressure in the middle ear and throm is equal-
jzed. That mechanism protects your middle car from
harmful pressure differences that ean oceur in a fast-
rising clevatar, for example, or on takeo!T and landing
in an airplane, The second important middle ear feature
is also protective, Muscles attached 10 the ossicles auto-
malically contract in response 10 Joud noises. These
automatic reflexes may prevent strong sound pressures
from damaging the delicate structures ol the inner car,

To summarize, when the eardrom and middle car
bones are working properly, sound waves siriking the
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The orgin of Carti, containing e auditory
recopteors and nerve fibors enbedeed i g snail-
shaped bony cand, colfectively calivd

the cochlea,

drum are faithlully conducted actoss the middle car and
boosted in energy. The energy boost helps prepare
sound waves that have been traveling in air for the more
resistant watery mediam of their next stop: a fnid-fitled
bony shell in the inner ear called the cochlea,

Condugiive problems

A variety of problems can afteet iearing before
soundl reaches the cochlen. Becuuse these early stages in
the hearing process are concerned with picking up and
conducting sound signals, specialists reler 1o the hear-
ing impairments involved a8 conductive problems,
Amony the most common problems are:

s External Mockage, Sometimes there is @ buildup of
wix in the ears, Sometimes children put things in their
ears. Sometimes a4 bog crawls in. These dre obvious
plugs that partially bock sound, The removal of im-
nacted wax and foreign objects is best [eft 1o experts to
avoid 1he possibility of damaging the eardrum.

¢ Perforated eardrim, A hole or o tear in the ear-
drum can oceur as o result of injury, sudelen pressure

L
7



- a ¥ HYAY AUV LOJ0

Ouitis media is the leading
cause of conductive
impairment.

change, or infection, ar specialists can repair or com-
pletely reboild the eardrm using the Jatess technigees
of microsurgery,

s Genptic and congenital ehnormalities. Mallorma-
tions of the outer and middle ear sometimes oceor in
connection with hereditary disease or as a result ol in-
Juries and illnesses (un affect o baby betore or around
the time of birth. Surgery can sometimes correct these
problems,

s Otiis media. By far the most prevalent cise of
conductive impairments is a common middle ear dis-
case, otitis medit. The problem can oceur at any age
but is partienlarly prevalent in children, An estimated
twaethirds of preschoolers hive at least one episode,
The reason that children are so vulnerable may be tha
their custachian tubes are shorter and positioned more
horizontally than in adults, Infections agems causing
colds or other upper respiratory discase can easily
spread to the middle ear. At the same time, mucus, pus,
or other {Muids accumulating in the middhe car tend not
to drain off, Thus the middle ear can become influmed,
swaollen, fluid-filled and painful—che classic symptoms
of ofitis medin thai can result in temporary and some-
times permanent hearing  impairment. . Thanks 1o
today's medications, most middle ear infections can be
cleared up with no lasting damnge.

Some children are particularly prone to middle ear
diseqse, however, suffering five or six bowts a year,
When the condition recurs that often and is accom-
panied by fluid in the ear, it is colled chronie oritis
media  with effusion (also serous otitis  muedin).
NINCDS-supported scientists it the University of Min-
nesota are currently studying chronic otitis media to
determine if changes in the body's immunce system are
involved. One possibility is that the body"s immune de-
fenses successfully fight of T the indtial infection, but
that some residue of the virus or infections ngen re-
mains (o stimulate an immune reaction, leading 1o the
acctimulation of luid. NINCDS is also supporting a

]
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major Orltis Media Research Center in Pittsburgh, Pa.,
in association witiv Children’s Hospital of the Univer-
sity Health Center. The center will study 2l aspects of
alitis media in animals and in human patients,
Patients with chronic middle car disease with efTu-
sion need carelul supervision and treatment by ear spe-
cialists (otologists) or ear, nose, and throat speciaiists
totolaryngologists). Not only is there danger of permi-
nent hearing impairment, but frequent bouts of tempo-
rary hearing loss may in themselves be serious. The
anditory system, especially in the developing years,
needs the regular stimulation of sound Tor heaithy
growth, Periodic episodes of hearing loss may starve
the suditory cells in the brain and contribure 1o fmpair-
ments in speech and language skilis, Stadies of such
“auditory deprivation'” are under way by NINCDS
grantees i Louisiana State University in New Orleans,
Physicians treating otitis media with effusion can
draii the fuid by making a small incision in the car-
drum. The incision will heal and the problem may dis-
appear, 1P NMuids continue 1o build up, however, the
physician may insert a smal) drainage tube in the cir-
drum in an operation cilled a (ympanostomy, Tympi-
nostomy tubes are sometimes dislodged accidentalty

A cloase fook iside the cae wirh an edovcane iv an essentiol part of
WV CGr CYARGION,
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and may be rejected by the body, bat often they may
stay in place for as long as a year and effectively control
the problem. Because there is a small risk that the tubes
can give rise fo searring or thickening of the dram afer
removal, some doctors prefer not to use them, and
choase instead to wail and sce if the ear problem will
improve in time.

& Otoselerusis, An example of a hereditary hearing
problem that develops in adults is otosclerosis, a condi-
tion in which there is an overgrowth of bone in the mid-
dle ear. Usually the tiny stirrup-shaped stiypes boae is
the most affected and becomes fised in place, impeding
sound conduction. Qtosclerosis can often be remedied
by surgery to remove the exeess bone and replace all or
part of the stapes with an artificial part. Those who
have undergone successful surgery describe the results
as miraculous. ! was completely deaf before the oper-
ation,’' one woman said, “As soon as [ woke up Leonld
hear again!™

Eighth nenve

Merve celis

Cochlear dirct

The snail-steped cachlva hay boon cat gway

o show the center compariment, the sofi cochicar
cluct that conbeins e orgun of Corti, The aene
Sibers stinadated hy hoie cofls spiral arenned the
coclilew ane conie tegether in the eigheln nerve,
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Delicate **hair cells’’ in the ear
translate sound to electricity.

* Preshyensis, Specialists have coined the word prres-
byeusis—Tliterally, old hearing—1o deseribe hearing jm-
pairments that oceur in aging. While presbycusis is pri-
marily associated with changes in the jnner ear and
brain (discussed later), conductive impaiments may
also occur, The hones of the middie ear may become
stiff, for example, or the eardrum thicker and less flexi-
ble. Both those changes may reflect @ less rich blood
supply to the car as a resalt of heart disease, high blood
pressure, or ather circulory problems in older people,

Conductive impairments can be detected in the
course of an ear examination that inclugdes a varigty of
diagnostic tests, Before we deseribe the tests, let us pick
up the story of what happens to sound when it regches
the cochlen.

From ear 1o brain

When sound vibrates the three middle ear bones, the
last in line, the stapes, presses againgt o membrane
called the oval window, This membrane is fitted into a
thin shell of bone that encloses all the inner car sirue-
tures. About an inch down from the oval window, the
bone spirals to form the snail-shaped cochlen, another
ministructure less than 1/2-inch across at its base, rising
a mere 1/4-inch to its tip.

The cochlen is compased of three Nuid-filled com-
partments, The center and smallest compartment s i
duet of soft tissue that contains the organ of hearing,
called the organ of Corti, alier the Itnlinn scientist who
first described it. Like the retina ol the eye, 1the organ off
Corti contains specinl cells ealled sensory receptors that
take incoming energy—Ilight in case of he eye, sound
for the ear—and transferm that energy into electrical
signals, The car cells thin do the transforming are ealled
haie cells beeanse the cell tops are fringed with fine hairs
that stick up into the faid Tilling the duct. The hair cells
are sindwiched between two membranes: one mem-
brane rests lightly on the hair tips; the other forms the
Moor or base of the duct, and so is called the basilar
membrane,

[ —— ——————— ——————————
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Miceoscepic ciusters of hairs fringe the tops of
ayielitory cofls in the inner war,

Research had led to greater understanding of how the
organ of Corti works and to a Nobel prize lor the inves-
tigator who contributed significantly to that under-
standing, Georg von Békdsy, Put very simply, when the
stapes kicks in the oval window, the fluid in the cochlen
is stirred and sets the basilar membrane moving in a
very special way: Sounds of high frequency canse the
greatest movements of the membrane under hair cells at
the base of the cochlea, agitting the tips of the cells’
protruding hairs, Sounds off middle frequency cise
matximum movements of the membrane further toward
the center of the cochleg, while sounds of lowest tre-
quencies eause peak membrane mavements near the op
of the cochlen.

The movements ol the hairs cause changes insice the
cells that fead 1o the proaduction ol eleetrical signals,
These signals excite nearby nerve cells whose Jong fibers
—some G000 in cach ear—spiral out from the cochlen
1o form the eighth, or auditory nerve, which goes from
the car 1o the britin,

Soon after entering the brain, ecighth nerve fbers
contact perve clls in the first of many nerve centers
concerned with hearing, Ultimately the auditory signals
reach the cortex, the outermost covering of the brain,

I'I



e mr sy e adid

The corlex contains centers associated wilh interpreting
speech and music, with thinking, memery, learning,
and other higher mental faculties,

There are a great many details and subtleties abow
human hearing ke scientists are conlinting 1o waork
out. How do we manage to block ont unwanted
sounds, Tor example, enjoying an intimate conversition
in the midst of a noisy party? How do we detect subtle
dilferences in loudness as well as pitch? What enables
some of us to hear a tune for the first timeand repeat it
perfectly? How do we locate the source of sound and
judge how near or far it is?

Much of this research requires a detailed analysis of
what happens at the cochlep and at auditory centers in
the brain, In recent years NINCDS-supported scientisis
have been able to remove embryonic cochbear tissue wnd
grow it inthe laboratory. Small animals like guinea pigs
or chinchillas are often used in these studies because
their cochleas are relatively farge and their brains not
very complex.,

Work with human volunteers is also cssentinl, Per-
sons with normal hearing are often studicd in experi-
nients in which dilferent messages are piped into vach
car or where computers are used to generate garbled or
synthetic speech, These studivs are aimed at analyzing
how peaple recognize speech and how they detect a
meaningful message amidst noise,

Also of great interest are studies of how the two ears
and the two halves of the brain work individually and
together in the perception of speech, music, and other
complex sounds. Experiments with hearing-impatired
individuals are cqually important, leading 10 a better
understanding of the cues hearing-impaired people tse
ta recognize speech-—and how noise affects them,

Hearing problems higher up

Hearing impairments that result from damage to the
sensory apparatus (the hair cells and other panis of the
inner ear) or to the eighth nerve and audilory centers
higher up in the brain (the neural apparatus) are often

— ]
13



lumped 1ogether as “sensorineural™ problems. These
inchede;

8 MHogring loss at birth, Sonre 4,000 infants are borp
deal every year in the Unijed States, Close to hall those
cases are due ta hereditary disorders.

Alarger group of Dabies is born deaf or witl major
hearing impairments s a result of congenital disorders
or diffieult labor ancl delivery, Mothers who contract
certnin inlections during pregnaney or who take certain
drugs may give birth to liecaring-impiired infants,
Sometimes the hearing loss accompanies other prenatal
or birth-related problems thin result in cerebrial pilsy,
seizures (epilepsy), or mentsl retardation.

Belore the advent of a vaccine for Gernum measles
(rubellw), this viral disense in pregoant women was a
notorions cause of hearing impairment at birth, Com-
mon measles (rubeola) in pregnant wemen also ing-
pased a threat to the unborn child, Forlunately, there
are now vaceines for both these virsl diseases so that
women can (and shouid) be immunized well belore
becoming pregnant,

Thete are otlier virus infections for which no effec-
tive treatments or vaceines exist as yet, Of these, cyto-
megalovirus and herpes simplex type 2 virus (which
causes 1 genital nfection) can seriously affeet the nerv-
ous system of infected newbomns, Cytomegilovirus in-
fection is estimated to affect 1 out of every HK) children
borp in the LLS, Between § percent gand 10 pereent of
those children develop hearing impairments, especially
far high frequencics, and hive 1HQ scores less than 80
later on in school,

o Hereditary hearing foss, It is important 1o realive
that hereditary conditions not only can result in deal-
rress it birth, bur also account for a variety of hearing
impairments oceurring later, Hereditary disorders can
affect the outer and middle gar, as in otosclerosis, but
eenerally invelve danage to the cochlea or higher nerve
ceniers, Because there are so mitny kinds of hereditary
disorders, with different risks of inheritanee, couples
with it history of deatness on cither side of the family

]
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should consuli genetic cotnsetors for inlormation.

o Trauma-induced probiems, A severe blow 1o the
head, an acciden, stroke, brain hemorrhage or other
trauma that affeets the ear or any of the auditary path-
ways and brain eenters will ohviously take its 1oll on
hearing ability,

® Tumors, Patients with ¢ighth nerve tomors—called
acoustic neyromas—may complain of hearing loss in
one or both ears, headaches, dizziness, ringing in the
ear {ealled tinnitus), or numbmess over the fce, Such
symptoms deserve prompt aitention. If an eighth nerve
mor is detected early, surgery to remove the tumor
can be completely successful, leaving no hearing or
other impaitment, Tumors diagnosed at later stages
may have grown large enough 1o be fife-threpiening, or
their surgical removal may result in learing loss, dis-
turbances in the sense of balance (adso located in the in-
ner ear), loss of sensation in the face, or {acial paralysis,

Acoustic neuromas etk oceur for no known reason,
bat can also arise as o result of a hereditary disense
called neurofibromatosis,

o Noise chamuage. Briel exposures 10 high intensity
sonnd can cause a temporary but reversible hearing
loss. But continued exposure 1o lowel noise teans trou-
ble: Eventually the hair cells sustain permanct
clamage, resulting in gradual hearing loss,

‘ VNV
SERTIEREER
The hair volls ia the feft photeeare rormaly right photo shows

wirt expnsire toopoise feads do tegad desiretion of fuir celis
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Concern about noise damage
has inspired major research.

During the early days of industriglizaion nobody
doubted that the din surrounding boilermakers, hy-
dranlic press operators, or steel mill workers rendered
their hearing Jess than periect. Nowadays specialists are
concerned that the everyday sounds of our highly tech-
nological socicty are also willing our hair cells, Think of
the power mowers and chain saws, the disposals, steree
sets, dishwashers, and food processors we live with...
and the sounds of airplanes, motoreycles, city and high-
way traffic, fire and emergency trucks. Think, too, of
Jopgers wearing carphones or young people it rock con-
certs or disco ¢lubs, and you have the reason so many
hearing specialisis are worreied,

Concern about noise has inspired research at several
major hearing laboratories supported by NINCDS, Sei-
entists at Washington University Medical School in St.
Louis, Ma., for example, are systemarically changing
the frequency, intensity and duration of noise 10 see
how each of these factors affects the structures of the
inner ear, lnvestigators at the Central Jnstitute for the
Denf, also in St. Louis, are analyzing the effects of
noise on the inner cars of animals and also observing
how such stress alfects the animals® behavior, Other
NINCDS-supported investigators are studying how
naise damage may lead 10 degencration of eighth nerve
fibers, why some people are more alfected by noise
than others, aned why the ear, once impaired by noise,
often becomes hypersensitive—even more vulnerable 1o
noise damage,

s Dryg-induced hearing loss, Drugs as common as
aspirin, the anibioties streptomycin or neomyein, and
certain of the water pills (diureticsy used to treat high
blood pressure can damage the hair cells or other vital
paris of the inner car. Anyone who, while wider medi-
cation, has a sudden change in hearing, or experiences
dizziness or ringing in the ears (tinnitus), or has other
problems with hearing or balance should report the
symptams t¢ @ physician al once, Often changes in the
prescription can climinate the symptoms and prevent
permanent damage to the ear,

P ————— ——
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Cerigtin powerful anticancer drugs may also damage
hearing. NINCDS s currently conducting  research
stuelies of panients undergoing cancer chemotherapy ot
the Clinical Center, the research hospital of the Na-
tional Institutes off Heaith, Audiologists measure the
patient’s hearing before treatment and 1hen at periodic
imtervals thereilter 10 determine i the drugs have
aflected hearing.

& Tinnitus, Many people have experienced one or
more oceasions when they felt @ ringing or buzzing in
the ears or inside the head. But a surprising mentber of
people, especinlly ie middle age or tier years, complain
ol a constant ringing in the head for po known reason.
In some eitses the symptoms may be unnotieed i o per-
son s busy at work, 1alking, or otherwise distracted.
For other people, however, dhe unplessant sounds are
present duting every waking hour, interfering with ail
activities. In the most severe gises lianitos even inler-
rupls sleep. The hapless vietin is tormented by an inces-
sanrt intereal siren sounding off. The psychologica] ef-
fects on a person can be devastating,

Tinnitus is considereed a sensorineural disorder, bt
what causes it and where in the car er brain the icouhle
lies are unknown, Recause excessive amounis of aspirin
and related drugs produce temporiry tinnitas in human
beings, NINCDS-supported investigators are studying
the effeets of these drugs in animals, The scientists can
detect whether the animal is experiencing tinnitus by
fiest wraining the animal 1o behave in specific wiys in
response 1o (ypical tinnitus sounds. They ther observe
whether the animal behuves the same way after drag
treatment. Other NINCDS  grintees are  studying
sounds i may be generated within the cochlea itself,
Still o third NINCIDS-supported group at the Universily
of Oregon is developing an ear device designed to misk
the tinnitus sounds, o method of tregiment thas appears
to help some tinnitus sufferers, A variety of tinnitus
maskers can now be obtained commercially,

* Preshyvensis, Changes associated with aging are
responsible for the majority of hearing impaiemenis in

— - " ]
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Six million Americans 65 or
over have moderale to severe
hearing losses.

adults, Many people in their forties and fifties experi-
enee o decdine in sensitivity o high Crequencies, The
deeline is gracual and progressive so that by their sixties
agl seventies as many as 25 pereent of the elderly are
noticenbly impaired, However, investigors are hegin-
ning (o question whether “aging fowws™ per se are
faudt, There are cultures in the world—the Mabaan
people of the African Sudun, Tor example—where pres-
byeusis doesn’t exist, oth men and women have exeel-
lent hearing in old age. The environment of the
Mabaans is exceprionally yuiet by Western standards,
Further, the Mabaans do not suiter from heir diseuse,
Tigh Blood pressure, wleers or astho, They lead rela-
tively stress-free Hives, No conelusions van yet be drawn,
exeept tlyan presbycusis ks clearly not aninevitable result
of uging.

Many experts now think tha lifdlong exposure 1o
woise, as well as the high previdenve of beart disese,
ligh blood pressure, ind other blood vessel disorders
inereuse the odds ol earing loss in kier years.

In addition, some hereditry predisposition may be
involved: As one investigator puts it, **Some of us miy
simply be programiaed to suffer a decline and fall of
ol hair cells or our anditery nenrons starting at o par-
teular pge--as voung as the twenties and thirties in
some people.” Fuether, the decline nmy be selective:
Tl bitir cells and inner car stroctiures may be healthy in
soine older individuals so that they can pass a hearing
test for pure tones with Iyving colors. Yet those same
people may live mouble anderstanding speceh, espe-
ciatly under trving conditions, Bxperts suspect that the
listener™s confusion is associated with tissue damage or
less of nerve eells in the brain where cemers for speech
perception and diserimination ave locawed.

With the realizition thit people are living longer, the
problem of presbyensis Bas beconie an area ol growing
conwern o the Nitional Instinute on Aging (NITA) as
well is NINCDS, AL present 6 million Americians 65 or
over huve moderiite to severe hearing losses, By the yeuar
2000 an estimiated 32 willion Americans will be 65 or
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older, IT 25 pereent continue to be affected by presby-
cusis that means that B million Americans may know
only too well the limitions on activities, the bek of en-
Joyment, the iselation and boredony thiat severe heitring
impairments can impose. To deal with this probleny,
cooperative research ventures are being initisted by the
NINCDS with its sister organization, the NIA,

Currently NINCDSsupported reseitreh on preshyen-
sis includes programs at the University of Michigan,
focusing ot the causes of preshycusis and microscopic
changes in the inner ear, and a program at the Univer-
sity of California st Los Angeles concerned with how
ape alTeets the wransmission of nerve signals along the
auditory pathways i the brain,

Detecting hearing loss

In the case of o simple infection or impacted way, the
diagnosis and treanment of o hearing problem may
begin and end in the Family doctor’s offtee, More com-
plicated cases call for the expertise of the orologist, e
or she will conduct o thorough citr examinittion, note
the patient’s medical history, and inguire about hearing
problems affecting othier membuers of the family, Cer-
ttin blood tests or other Lihoratory analyses may be
necessary, as well as standard hearig tosts, The special-
ist may also want X-riays ol the bead or the computer-
ized X-ray images of the brain called CT scans,

Hearing rests are usuably conducted by audiologists,
professionals educated in the science o hearing and in
A NINCDSsuippaetend
Favestivator b the Uiiversity
of Cafitorii, ey Angeles,
festy et hedring of o patient
pertivipating i research
stuelivs.
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the hittery of tests used 1o assess and analyze hearing
impairment. Audiologists also provide counseling amd
nonmedical rehabilitation for the hearing impaired,
sueh as lipreading and hearing aid evaluation,

Persons undergoing audiotogical testing it in o small
soundprool room, The examination usually includes
tests 1o determine how well the cardrom and midedle ear
bones comduet sound, These tests depend on inserting i
snug-fitting probe with wires attached ino the external
cunal of the car. Then air pressure belween the probe
tip and the eardewm is varied at the st tine that 3
tone is sounded through the probe tir. A muchine ana-
Iyzes the movements of the droum and middle ear bones,
printing out the results on g graph—the *tympino-
aram,"

The probe can also be used o check the acoustic
reflex to loud noise, The tyimpanogram and acoustic re-
flex tests take only o few minutes, Since the rests depend
o aomatic responses of the asditory system, they can
be used to test hearing ininfants and others who cannot
respond voluntarily,

The batie doesn 't Iive to do g thing, The tachine aeastires
sound contediesion i the tiddie car and geoustie reflevs, The
ety dre sinple and painfess,
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Auddiograms measure hoow well you hear pure
fones witk vach ear, Upper audiogram shows
a Ivpical noive-indheced hearing foss—=worst af
uround S000 1z, Lower aiediogram shows
typicel prestvensis pattern: hearing in both
ears Bradially worsens o8 frequency inereases.

The audiclogist then mensures the patient's thresh-
alds for two-syllable words and lor pure tones in o
range from 250 Hz to 8000 Hz, The patient wears head-
phones and indicates when he or she can just barely
deteet sounds s the decibel level s varied. The graph
that plots sound frequency against decibel Jevel is the
awdiogram, The audiologist also measures the ability to
discriminate speech by having the individual repeat one-
syllable words, The audiologist may conduel further
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tests 10 determine the muure of the hearing loss, These
wests may involve manipultions ol pure tones and
noises or the use of tape reordings that imroduce dis-
tortions into voice or sound signals,

An FEG fov hearing

T the past decade investigaors bave developed ways
of recording the electrical activity of brain centers
associnated with hearing. Elearodes are mtached 1o the
topr of tiwe head and at each side, near the car, The indi-
vidual wears earphones andsits guietly ina soundprool
room listening to clicks m different intensities, A com-
puter analyzes the nerve cell activity in response 10 the
clicks and displays the brain wave patiern on o video
sereen, Audiologists know the normal shape of the
waves and the time it takes for nerve signals 10 move
from center 10 ¢enter aleng the mnlitory pathwiys.
Delays in the appearamee of certain wives or chamges in
their pattern help Tocalize the problem, Because 1he
brain cells recorded Tie i the brainsiem—a core of
brain tissue Iocated below the cortex—the brain wiave
recording is called the awditory brainsiem response,
Like tympanometry, the nuditory brajsstem response
test s automatic and so ¢ be used to stucly hearing in
infants, However, the test takes up to an hour and the
subject must remain stationary and quil, so testing in
voung children asuatly requires mild sedation.

Many peaple think that you can't measure children's
hearing i the first months or years of fife. Even with-
out the newer automatic tests, however, here have
always been ways of measuring infines’ hearing, Par-
ents can approach @ baby rom behind and sound a bell
or ratle, The chitd who bears will be starded, and, de-
pending on the stage of brain development, may turn
towird the direction of the sound. Audiologiss can
also test an infann’s hearing with standard pure tane
tests, The infunt wears carphones and sits on its
mother's Jap in the test reom, The audiologist traing
the child 1o associate o certin sound with the appear-
ance of & toy or other inleresting object displayed on o

]
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T quditory Drastsiem response W5t mestires imint
v (PHVIY pivked up e elecirades on the sealp in
responie 0 cficks srassmieied s e egepdiones, The
fest iy @ramalic and the boy can relay, doze, or
slevp while the compitier wiirs,

screen, By observing the ¢hild's behavior in response 1o
speeeh oF noises 4t various intensities, the audiofogist
can meastre how well the child can hear,

The results of medical and audiologival examinations
may indivate @t problent that can be helped by surgery,
medivation, or g hearing aid. Sometimes preventive
micusures are urged: Adults with middle ear infections
are cautioned to avoid fying: workers who are begin-
ning to show nojse-bcuced hearing Tosses ire advised (o
transfer to Tess poisy departments or a? least wear ear
profection, Often, however, e hearing loss is long-
standing and drreparable, In thase instances there js no
instaum remedy or miraealous cure. Bat there are impor-
tant things that can be done,
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Whitt hearing nids do

A hearing aid amplifies sound, The gid provides the
extral posver 10 boost sound so that it can stimulate the
cochlear cells, Hearing aids can benefit anvone, as long
as some hearing remains. How well hearing aids work is
another matter, Thelr efTectiveness depends not only on
the design of the aid (s it a quiet, high-guality, easy-10-
maintain instromem?), but also an how well the aid
matches the individual®s needs. Present day aids are a
far cry from the ear irumpets used generations ago. A
modern pid is lighiweight, battery-operated, and mingi-
turized. It can be molded to {8 inside the car, worn
behind the ear, or litled into eyeglisses.

Many incividuals with hearing impairments become
sensitive 1o amplified sound. This does not mean they
cannot wear a hearing aidy it does mean that the aid
must accommodate thelr sensitivities, Sorne investig-
tors now suspeet that hard-of-hearing people ocea-
stonally retain “islands of hearing"'—{requency ranges
where sourd is still pereeived it near normal levels,
Such individuals might find the amplification provided
by hearing aids uncomforiable, Scientists at Louisiana
State University in New QOrleans are currently investi-
gating islands af hearing in hearing-impaired people to
see llow common the phenomenon is, and whether
special aids making use ol these frequencies conled be
designed (o enable individuals 1o undersiand speech,

But no matter how well designed and approprinte to
the wearer’s hearing impairinent, the chances ol 1he aid
Benefiting the wser largely depend on attitude and moti-
vation. 1t is important to realize that adjustments in the -
aid have to be made and all wegrers go throagh a period
of learning and adaptation. n short, the recommenda-
tion and fitting of a hearing aid is not the end of an
audiotogical examination, but the begining of a new
wity of life. Followup in the [irst few weeks, proper
maintenance, and periocic cheekups to see how the
Iuman ear and aid are both doing iare a pecessary part
ol the process,

Al the same time, a person can learn simple skills 1o

]
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Hearing widdy five come a foug
way—fron yesterday's
Irenpts fo tadar's sensitive,
pewerful, and all bt

hicklen instruments,

enhance the nscfulness of an aid, Speechreading (hip-
reading) is one. Most people already possess this skill 1o
a remiarkable degree, 1f you think you are not a speech
ceider, consider the vimes you have watched o TV
maovie where sound was not quite synchronized with lip
movement,

Rearing handicaps before age 3
The problems of communication are vastly more
complicated far the child who has never heard specch
than Tor those whose hearing problems develop ater,
Normaily we lewrn to speak by imitating others and
listening 1o the sounds we make, That instant replay—
auditary feedback—allows us to correet our speech and

I —
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The dancers at this schood for thy df can Tunrely
hear—bat ey ‘e relearsing o manber for o school
miesical. AN wewr hearing ity amd fision fe the fear
wnpdified b lovdspeakens on stuge.

Hearing-itipaired and arvingdisabiod chilidren Phey rhvthun
Jihes i o chass liuehe by o spogch thorapist aned tvo e,
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“Rehabilitation begins with
parent education..,”

continuously adjust the tone, rhythm, and lodness of
our voices. Children who suffer o hearing loss in jn-
fancy must overcome i double hurdle: They are cut of T
from a major soarce of legrning abowt e people,
plaees, and things of this world, And they eannat bene-
fit from the natural Teedback systeme that makes speak-
ing one's native tongue the ineviiable event in develop-
ment that it is for most ol us.

Children who become moderarely (o severely im-
paired before age 3 (the prelingual years) can be helped
by hearing aids, but as one specialist put ir, **Rehabili-
lion hegins with parent edueation..the andiologist
and hearing therapist must use considerable skill in
helping parents Gnd children) adjust to the benefits and
the limituions of a hearing aid."" How much progress
cun be made also depends on what other handicaps a
child may have. Visual problems, movement disorders
or mental retardation compourd the basic communica-
tion andd learning problems,

It is testimony (o human resourcefubness and to prog-
ress in hearing researeh thar peaple no tonger despair of
overcoming the problems of hearing loss in infiney, In
times past these afMicred often remained mute or chose
not to make vocal sounds, They communicated with the
speaking world through notes, gestures, and sighs-—not
unlike the tourist strugeling in o foreipn land, Society
tended to enforee the communicittions barrier by ignor-
ing the prablem or else refegating deaf people to special
schools or instilutions, One resudt has been that deal
people have tended to form a separare colture amoiny
themselves, employing their own means of communica-
tiom and seeking cach other's company. Even today 95
percent of deaf people marry other deal’ people, Many
have the native intelligence and ¢reativity to suceeed at
professional careers, hut communication and social
harriers continue 1o work against their achieving their
full potential.

At the enel of the 19th century, authorities wrged re-
forms in education aimed at solving the prablem of the
isolztion ol the deaf: Enforce a strictly oral mode of
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Flearing-impaived adults fearn Aaeeican Sign Langnaye {4 mestan)
i govermmentspomored clises.

speech training, they declared. Forbid children 10 use
any form of sign language, finger spelling, or other
manual commumdettion, Instead, teach speechreading
and voeal training exercises sa that the deal’ will have 1o
mister the sounds of speech ancd the principles of
spaken language, This serictly oral approjach has been
effective in many cases and remains the goiding philos-
ophy of many triining centers and schools for the deaf’
throughout the world,

0 1he United States, however, opposition to the oral-
only tradition remained active, in part due to the ef(orts
of such reachers as Thomas Galleudet, for whom
Gallaudet Coltepe Tor the Deal in Washingion, 13).C., is
mamed. Gallaucer believed that the all-important goal
for the deal individual was 10 be able (o communicitie
with wrvone. He stronply advocated sign languige.
Others agreed, urging that whatever means aided com-
munication—speechreacing, vouud reaining, gestures, or
sign languauge—should be encouraged. Today this

",

“tolal communication™ spproach, ws it has conwe to be
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called, coexists with the oralonly school, eich with
strong adherents and notable successes.

Important in the development ol the total communi-
ciation approich has been the prowing use of American
Sign Languwage, lmesfan, Ameskin uses subile combi-
mations o hand, face, and body movements to com-
prise 4 vocabualary and grammar (hat are distinet from
English. Anteslan “signers®” now muke it possible for
profoundly hearing-impaired people who have lerned
the language 1o wateh the television pews or atend
same public meetings, Inthe hingds of the eretive ae-
tors and writers of the National Theater of the Deaf’,
Ameslan has also developed as a vehicle Tor imaginative
expression in poetry and drans,

Hearing horizons teday...

The hearing-impaired individoal has more learning
apportunities and communivations aids availible now
than at any other time in hiseory, Legistation enicted in
1973 prohibits discrimimtion agains the handicapped
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Aty fedvratly sponsared jolt fair for the handicapped, imters
wiewer anted applivant exchunge inforoidtion,
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in employment or education by any organizaion receive
ing any amaunt of Federitl Tunds, This has meant new
apporiities for the profoundly hived of heiring in the
joh market and an all levels of education,

Iy addition, wiriants on the raining methods fol.
lowed by either oralist or tonal communication practi-
tioners hive been developed. *Cued speech™ is an out-
growth of the desire 1o make speechreading more effee-
tive, Speakers learme to augment their Bp movements by
finger signs 10 ingdicate particulir consarmtal or vowel
sonnrds, The signs clarify whether the lips are saving
“had* or “pad,” road™ or tload.” (Only abour a
third of spoken English cin be understond by inter-
preting fip movements alone,)

There has alsa been renewedd interest in eaching the
deaf (0 undersiand speech by having the deat” person
feel the muscles of te threoae ind neck s (he speaker
pronoinees words, This wis the method Heden Keller™s
teacher used, and NINCDSsupported investigators o
Massachusetts dnstitute of Technology  (Cambridge,
Nlass ) are currently exploring its effocivenss,

A increosimg variety of amplifying devices and sige
nals e now available Tor the hearing impaired, Tele-

Foeding vibrations theowgh the fjow during aurondd spevely holpn e
dhtt clind fearn how pe falk,
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The most ambitious aid 10

hearing is the cochlear

implant.

phones can be equipped with lights 1o signal when the
phone is ringing and amplifiers can be boilt into the
receiver, Other communication equipment includes tel-
eprinters which enalbie o sender to type o nressage thae is
then coded electronically Tor transimission over (he
phone. A decoder at the other end reconverts the sivnals
10 printed message,

waitiicl tomorrow

Meanwhile scientists are exploring how 10 use the
lkxly’s other sense Systems as a means of comnmmica-
tion when hearing fails, The skin is sensitive to vibra-
tions over a range of frequencices. By attaching a set of
vibrators around the waist or chest, the weirer van
Tearn to interpred i sequence of vibrations as words and
sentences. Such “vibrotactile aids™ are currenthy being
investigated by NINCDS-supported scientists at the
University of Washingron in Seantke and the Callier
Center for Communicittion, Dallas, Texas,

Perhaps the most sumbitious seientific program on the
design boards today is the cochlear implant, a deviee to
aid individuals with sensorineural deafness, The im-
e uses tiny electrodes 1o apply electrical stimulition
directly to auditory nerve {ibers. NINCDS currently
supports implant research at Stanford University, Palo
Allo, Calif,, the University of California at San Frin-
cisco, and the Univershty of Washingion in Seatile, In
sone designs the eleetrodes are tmplanied inihe cochlen
itself, positioned to stimulate selected nerve fibers as
they spiral around the shell. Tn other designs the dec-
trocles are applicd 1o nerve libers alter they have been
bundled together in rhe vighth nerve, Either way, the
trick is 1o stimulate fibers associnted with a selection off
different freguencies so that the brain can distinguish
different tones. So far the implants use only o few clee-
trodes, oo crude o enable even the rudiments of
speech 1o be encoded and deciphered. Buuin the few in-
stances where profoundly deat individuals have volun-
teered to have the devices surgically implanied, the
hardware seems 1o be well tolerited and the wearers

]
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NINCDS-sparisured scivriies a Sttfored have developed o
L2-channel raedion receiver-stimalator that is snuller in disaneter
than the LS quarter i the ackeronned, Tl dovice iy atiched
o a cooilear elvctrode geray to et g coclifear implang,

generilly reporl pleasure in being able 1o bear any
sopnd at all,

The stine of the e of cochlear implants is i its in-
funey. A dosen or so microclectrodes cannot be ex-
pected 1o replace the 30,000 nerve fibers we are hom
with in eaeh ear, But advancees in electronics, incompu-
ters, in audio engineering, and in hearing scienee have
been great and cominue 1o develop ar an impressive
rine, Tomorrow™s cochlear implants may be even more
miniittueized, allowing greaier numbers of fibers 1o be
stimulated with dess risk ahat fhe implant el may
dimiage tissues Apdd 01 i the end, the vochlear implant
is not the ideal device, the sume kind of thinking that
ed imivginative men and women 1o ey it in the First
place will stimulate other rescarelr direetions, ullimaely
maore stiecesstul solutions for the problems of the heir-
iy impaired. That 35 the hope through research,
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Voluntary health organizations

There are many organizaions concerned with he
problems of the hewring impaired. One of the lirgest
groups is the Amerivan Speech-Language-Heariog
Association, which is both it professional and lay or-
ganiznjon. Another importam professional organisi-
tion is the American Academy ol trolaryitgology/ Hekd
and Neek Surgery, which provides infurmition to (he
general public,

Some groups espotsse particular philosophies in
speech education and raining, The Alexander Graham
Bell Association for the Deaf, for example, adopts the
orulist approach. All the groups listed provide litreraure
and advice, and can penerally indicate sehools
other resources availtble in local communitics. Some
organizutions, like the Narional Easter Seal Society,
tawe loead chapters providing information and rehabili-
tation for a variety of handicapping conditions, One
orgarizion, the Better Hearing Institate, provides in-
formation on a (oll-free Hearing  Helpline: (800
4248576, In addition, some organizations also support
research, Most can supply prictical information lor in-
dividuals interested in domating temporal bone tissue to
Temporal Bane Banks for research study, The emporal
bone of the skull, collected ar auopsy, contains e
orgians of Nearing and LBalipee and i vatuable souree
nuaterinl Tor seieptists stucying the tissue chinpes that
ocelr in communicative disorders,

Orgniantinns:

Alexander Gratiam Bell ssociation for the Deaf, i,
3417 Volta Place N,

Washingran, 1D.C. 20007

(202) 337-5220

Awerivan Academy of Otolaryngetfogvs Head and
Neck Surgery

1101 Vermont Avenue, N.W., Suire 302

Washinglon, 12.C, 20005

{202) 2894607

,—
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slmerican Speeeh-Language-Hearing Association
10801 Rockvilie Pike

Rockville, Md. X832

(301) BY7-57(X)

American Tinnitus Association
PO, Box #5

Poritand, Orep, 97207

(503) 24B-99RS

Berer Hearing Institite

14300 K St., Nw,

Washington, D.C, 20005

Toll-free Mearing Helpline: (80X) 424-8576

The Deqfness Research Foundation
55 East 34th Street

New York, NUY. 10016

(212) 684-6556

Navional Assaciation for Hearing aud Speech Action
10801 Rockville Pike

Rockville, Md, 20852

(301) 897-8682 (Call Collect)

National Associalion of the Deaf
Suite 301

814 Thayer Avenue

Silver Spring, Md, 20010

(301) 587-1788

Nationat Biack Assaciation for Speech, Langiage,
antd Flearing

P, O. Box 50214

Washinglon, 1D.C. 20004

National Easter Seal Society, fne,
2023 West Ogden Avenue
Chicago, 1ll. 60612

(312) 243-R400)



National Flearing (\ssociarion
Suite 308

1010 lorie Bonlevard

Oak Brook, I &0521

(3]12) 3237200

Self-Ietp for Hard of Hearing People, Hie,
I, 0. Box 34889

Bethesda, Md, 20004

{301) 365-3548

Publications

The following publications are published for people
with hearing impairment and others concerned witl) the
prablent, (Subseription prices are not given sinee they
itre subjeet 1o echange.)

Stlenrt News
193 Main Street
Lincoln Park, N.J. 07035

Peqt Amvericin
(Pubiished by 1he National Association of the Deaf,
listed above)

NINCDS Information

Additional informption concerning hearing rescarch
supported by the Communicative Disorders Program
af the National Institute of Neorological snd Comimu-
nicative Disorders and Stroke can be obtained fron

Office of Scientiticand Health Reports

National Instituie of Neurological and
Communicative Disorders and Stroke

Building 31, Room 8A-D6

National Institutes of Health

Hothesda, Md, 20208

(301) 496-5751
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