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Chapter-1
| NTRCDUCTI ON

Geriatric Audiology, is a branch of audi ol ogy, which
deal s with the process, diseases, disabilities, disorders,

and rehabilitation of hearing,, in aged peopl e.

Until recently the entire area of geriatrics has been
negl ected not only by nedi cal professionals but also by

speech and hearing prof essi onal s.

The agi ng process has strong effects on nan's physi o-
| ogi cal, physical, psychol ogi cal and social well -being.
The nunber of aged people(i.e., over 60 years) isS grow ng
rapidly in India. In 1931 this geriatic population was only
2%: 1in 1961 it increased to 4.8%and; in 1971 this was 6. 3%
The recent census in 1981 indicates geriatric population in
India as 11% and it also calculates that there will be 18.5%
of geriatric population by the end of this century. Another
survey conducted in India indicates that 87%of geriatric
popul ation are suffering fromdifferent types of chronic
I Il ness, and of which only half could afford nedical

treat ment.

VW do not have the incidence of speech and hearing
problens in aged population in India. In USA, MLLER
and ORT(1965), and SCHONand NERBONNE(1976) have indi cated
that the incidence of hearing loss in elderly ranges from 20%

to nearly 97% dependi ng upon the nature of the group eval uated.
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Lot of literature has been available with regard to
the hearing of the aged. They are interns of hearing
process, hearing disorders, and hearing assessnent.

Primary aimof the present study, is to conpile and review
all the literature regarding the aged prinmarily with
reference to the hearing and secondarily with reference to
psychol ogi cal , physiol ogi cal and physi cal changes those

occur with increasing age.

Present conpiler, assumes that this will help in
future research in India. This project is the first one
t hat has been conpiled, in India, hence, it is expected
that will throw some |ight on the aspects of the hearing
of the aged. These aspects can well be utilized by us
and al so by others while doing hearing research with the
aged population. This is the primary inplication of the

present project also.

On the whol e, present project is an effort to collect,
conpile and review the needs of the geriatric popul ation,

whi ch has not attracted nmuch attention from us.
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Chapter-11

Nor mal Agi ng Process

" Aging is defined as a certain kind of changes in
living systens due to passage of tine '* . Hence agi ng of
an individual starts fromthe wonb of nother. But in this

chapter we are tal king about changes during senescence.

Wth increasing age cones a decline, a regression, or
return to an earlier pattern of behaviour, and a sinple
| evel of functioning. However as PARKER(1961) said
" Aging is not a disease or a disintegrative force, nor is
senescence a state of pitiable decrepitude of mnd and body
to which we nust all succunb- if we live long enough ".

"Bot h aging and senescence are inherent part of life, that

we nust acknow edge, accept, and seek to understand and

t hereby enj oy".

MEDAVAR( 1951) defines senescence, as change of body
faculties sensibilities and energies, which acconpani es agi ng,
and whi ch renders the individual progressively nore |ikely

to die fromaccidental causes of random i nci dence.

QOigins of Age changes: Three tables fromTine cells and
Agi ng.

Al people, as they growold, experience physical,

psychol ogi cal and interpersonal changes of one sort or the

other. Some tines communi cative handi caps cause many probl ens
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and sonmetinmes they are the result of these changes. One
common physi ol ogi ¢ change associated with aging results
i n a communicative handi cap. This chapter will provide
an overvi ew of several aspects of aging and changes
associated with aging and wi ||l serve as a neani ngf ul

background to understand hearing problens in aged.

Bi ol ogi cal changes: Associated with Advanci ng Age:

Wth advancing age all organisns, tend to be nore
susceptible to disease and deterioration and are |ess
able to sustain and initiate the process of self repair.
The physical deterioration associated with aging is either
genetically determned or determ ned by enviornnental
influences. JONES(1959) & BIRREN(1964) in case of nan
consider that hereditory factors as of |esser inportance

t han envi omment al i nfl uences.

Aging of Cells: At the nost fundanental |evel hereditory

and envi omment al factors influence cellular function in body
tissues. Two general problens associated with aging may be
observed at a cellular |evel. Firstly, it is well docu-
mented that several cells diewith increasing age in critica
organs of the body and that the replacenent of these cells in
either reduced or absent anong the elderly. Secondly, the
remaining cells in the organs may not operate at their optinmm
Efficiency in ol der organi snsXwol ff, 1959) These two condition
result in reduced functional capacity of many organs of the

body.
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Aging may selectively influence highly differentiated
cells that can not under go further mtosis. Hence the
cel lul ar organi zati ons such as of the nervous, vascul ar,
and nuscul ar systens should be particularly susceptible to

the effects of Senescence(BlI RREN 1964).

One commonly accepted explanation for cell deteioration
is that over tinme there is damage to DNA. Conponents of the
chronosones, wi th damage to DNA defective nessenger RNA may
be generated which are unable to synthesize the necessary
enzynes for maintaining cell operation. As a result cells

may di e or they may not undergo proper division.

Agi ng of General Body Systens:

The nmpst common characteristic problem of Aging persons
is circulatory inpairment caused by cardi oc insufficiency,
which is attributable to any of the foll ow ng,

a) Vascul ar heart di sease
b) Hyper tension
c) Pulnonary, netabolic or infectious di seases and

d) localized ischaema resulting from arteriosderosis
(SI MONSON  1965)

Cardi o Vascul ar disturbances have a profound inpact on other
body systens, particularly the Nervous system Many of the
deficits in sensory notor performances associated with aging

may be attributed to Cardi o Vascul ar di sease.
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Atrophy of Skeletal nuscles is another obvi ous change
associ ated wi th advancing age. WLFF(1959) stated that it
is not entirely clear whether the decrease in nuscle fibre
mass is attributable to loss of fibres or a decrease in
nuscle fibre diameter, or both. Areduction in skeleta
nuscl e nmass is a characteristic of advancing age. Age
expl ai ns nuch of the decreased nuscl e strength observed
anong the ol der. BIRREN(1959) noted that sone nuscl es do
not evidence a dramatic decline in strength probably because

of continued high | evel of use.

The Endocrine systemis considered to be relatively
| ess susceptible to the aging process. Nornal or near
normal functioning of the pituitary adrenal nechani sm has
been observed even in very old people (Freeman 1959;
Bl RREN 1964) But certain hornonal productions |ike that of
insulin is reported to decrease w th advancing age. Gonadal

failure is also reported to be conmon in old people.

WOLFF(1959) stated that, in aging body, there is a
persi stence of the integrity of the pituitary- adrenal
mechani sm and there is also a nmai ntenance of the functiona
capacity of the catabolism nediatering glands in contrast to
a progressive | oss of capacity in the glands with anabolic

activities.
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Agi ng of Nervous System The nervous systemis highly

susceptible for aging. At |east three reasons my be

offered to account for this-

(a) neurons in the central nervous systemare not repl aced

by the division of the remaining cells;

(b) the brain is highly sensitive to |ack of oxygen, and
therefore tenporary interruptions in the blood supply is

likely to result in the death of neurons and

(c) there is a proclivity for pignment deposits (lip ofusion)
in cells of aging brain. It has been comonly thought that
the accunul ation of I|ipofusion may have an effect on the
physi ol ogi cal capabilities of neurons and may even result

in the death of cells ( BONDAREFF 1959 )

One of the mpj or changes of the nervous system
associated with aging is decrease in its weight. APFEL and
APPEL (1942) reported a decrease of 11 to 15%in the wei ght

of nervous system

BONDAREFF (1959) has described a decrease in brain
volume relative to skull capacity as a function of advancing
age. This gives the brain a shrunken appearance with an
exaggerated pattern of cortical convolutions characterized
by narrowed gyri and wi dened Sulci. In addition to these
changes in cortical surface structure, there may be thickening
of the nmeni nges, atrophy of the Corpus Callosut, shrinking
of the basal gahlia, distended ventricles an increase in the

cerebrospinal fluid and cerebral arteriosclerosis.
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Nunber of studies have shown that there is a definite
decrease in central nervous systens' neurons. Wth advancing
age, BRODY (1955) noted the greatest cell loss in the superior
tenporal gyrus with |esser reductions in the precentral gyrus,
area striata, inferior tenporal gyrus, and postcentral gyrus.
Neuron cell |oss has also been recorded in the peripheral
nervous systens of the ol der people. Specifically there
appears to be a reduction in the nunber of l|arger fibres

( MAGLADERY, 1959).

Bl RREN (1964) has argued that aging will have a
progressively nore serious influence on the less primtive
aspects of the nervous system The |ater evolved structures,
such as, the cortex is reported to be nore susceptible to the
effects of senescence than the nore primtive structures such

as the vegatitive centres of brain stem

Sensory- perceptual changes Associated with Advanced

change:
There is a vast literature about sensory and perceptual
changes in the old population. Here, initial attention
concerning this topic focuses on the special senses of vision

gustation, olfaction, pain, touch and vibration. W have
consi dered, sensation as awareness of stinuli through the

exteroceptive systens and perception as interpretation of

sensati ons.

Vi si on: The principle test of visual adequecy is acuity,

which is nmeasured with respect to snallest object that can be
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perceived at a given distance. It is reported that there is
generally a gradual little change or no change in the acuity
fromage 15 to 50 years, then onwards the change is reported
to be rapid. BOTWN CK(1973) states that by the age of 70,
wi t hout correction, poor vision is arule rather than an
exception. This visual deterioration is attributed to pupi
size, which dimnishes with age, there by reducing the anount
of light reaching the retina. Acconodation ability of pupi

decreases wi th advanci ng age.

WEI SS(1959) states that nmaxi mum acconodation is roughly
20 dioptres at age 5 and decreases at the rate of 0.3 dioptres/
year until mninmm acconodation of O0.5dioptres is reached at
the age of 60. There is a definite deterioration of illum -
nation | evel, contrast discrimnation, colour vision, and
critical flicker fusion, wth advancing age (VE SS 1959,
BOTW NI CK 1973).

The reasons for deterioration in visual performance
anong the elderly are many and include retinal decay, reduction
in pupil diameter, opacities and bubbles in the Iens and | oss
of lens elasticity. Some of these eye problens result from
degenerative and which may be of vascular, netabolic or

endocrine origin.

Tast e: Many studi es suggest that sensitivity for the mgjor
taste qualities of salty, sour, bitter, and sweet; and discri-
mnation ability between the tastes decrease in ol der subjects

(OOCPER & BI LASH 1959) BALOGH and LELKES(1961) state that
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sensitivity for bitterness actually increase with age. Aging
appears to have a differential inpact on taste buds in

certain areas of tongue (SCH FFVMAN 1977).

O faction: BIRREN(1964) reported a decrease in the nunber

of olfactory nerve fibres with advancing age, inplying a
reduction in the sense of snmell. Many research studies
supported this finding. However, factors such as history

of smoking, presence of nasal obstructions and occupati onal
conditions may contam nate many efforts to assess the effects

of aging on ol faction.

Touch and Pai n: Touch and pain sensitivity decreases in

ol der people. Specifically, Stereogenosis, Sensitivity to
VonFrey hairs, vibratory sensitivity, and radiant heat pain
sensitivity have all been shown to decrease with advanci ng age.
However, as BOTW NI CK (1973) has pointed out sone of the

di m ni shed sensitivity reported in the literature may be a
function of caution. That is older subjects tend to exhibit
nore ¢ nservative thresholds for nmany sensory tests because

of the need for certainty regarding the presence of stimulus.
It should be noted that dimnished touch sensitivity may have

sone i nmpact on speech.

Per cepti on: It must be appreciated that sensation and

perception can not be easily separated in nost exceptional
t asks because an inpairnment of one usually influences the

adequacy of the other,. RAJALAKSHM and JEEVES(1963) and
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MALEPEAI and HUTCHI NSON(1977) have established that ol der

subj ects require much greater exposure tinme to identify
designs, words, and pictures. The age effects are wore

prof ound when interfering visual stinuli and reduced contracts
are introduced. BOTWNI CK (etal 1959) say that ol der people
have difficulty in understanding conpl ex and ambi guous

visual stinuli.

There are four inportant explanations to reduced

perceptional ability observed in ol der people. They are-

(a)due to anatom c changes in the sensory systens, the CNS,
receives |loss information upon which processing decisions are
made;

(b) the threshold responses may be el evated in part because of
certain caution in responding,

(c) CNS alterations due to aging may deteriorate the ability

to integrate information from several senses or within a sinple
sense, and

(d) Elders may display a rigidity in responding and they may

have a reduced ability to alter their original percepts

Psycho- Mot or changes and Advanci ng Age:

O der people exhibit slower responses to envi oRNmenta
stimuli, as a result of deteriorations in sensory and per-
ceptual function. GCerentologists consider reductions in

psychonot or speed to be a principal indicator of nervous system
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senescence (BIRREN, 1964) Many experinents using reaction tinme
and novenent tine have been carried out to explain psycho
nmot or changes associ ated with advanci ng age. KOGA and
MORANT(1923) found that reaction tine rapidly decreases with
increasing age frombirth to about 20 years and then onwards
there is a steady increase in reaction tine as age increases.

Many researchers have confirned this finding.

It has al so bean reported that the reaction tine is determ ned
more by the life style of a subject than his aging. (SPI RDUSO
1975)

SM TH & GREEN (1962) denonstrated that tasks frequently
perfornmed were |less affected by aging than the tasks perforned
infrequently . The increase in the reaction tine, may also
be due to slowness in the nuscul ar novenent. There is a |arge
di spute between researcher about the principal |ocus of reaction
tinme increnent as to whether it is due to changes in the peri-
pheral functions or due to delay in the central mechani sns.

The perceptual speed is reported to be slower anong ol der

subjects and it is also reported that it requires higher

intensity of stinmulation. BOIWNI CK(1972) suggests that factors
ot her than those associated with the input nmay be primary contri -
butors to decreased reaction tinme with increasing stinulus
intensity. |In studies using neasures of peripheral nerve
conduction velocity, BIRREN and WALL(1956); HUGEN, NORRI S and
SHOCK (1960) and LAFRATTA and CENESTRARI (1966) reported a smal
decrease in the nerve conduction velocity in the elderly when
conpared with younger population. This decreased nerve conduction

rate in elders who attributed to the trivial conponent of elevated

reaction time.



(13)

The role played by the peripheral mechanisms to bring
about psychomotor changes in the elderly requires more attention
to draw any definite conclusion. Owing to the unsignificant
role of peripheral factors in accounting the direct relation-
ship between reaction time and age, it appears that centra
deficits may give some account to explain psychomotor slowness
in the elderly. WELFORD (1965) accounts four changes in the
CNS whi ch may have an influence an psychonotor performance in

el derly. They are:

(a) reduction in the signal strength and processing capacity

owing to reduction in number of functional neuron cells;

(b) a noise in the older brain, which m ght be due to an
increased random neural activity that m ght be acting while

processing certain stimulus response events.

(c) the ability of the brain in processing the more recent

n n

activities may reduce due to |onger after effects " of
neural activity which interfere or blur new signals comng to
it, in the aged; and

(d) the optimum activity levels of central neurons or neuron
sets m ght be dimnished due to dimnished aroused |evel of

CNS in ol der people.

However there is no satisfactory explanation available to
account the reduced psychomotor ability in the aged at present
either through peripheral factors or through the central areas.

This area still requires a thorough investigation.
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Intelligence and Menory changes in the Aged:

Many investigators agree that the geriotric population
performs poorly an traditional intelligence tests when conpared

t o younger popul ation.

BOTW NI CK (1973) says that there is a definite reduction
in intelligence as age increases. Aged performed better on
verbal subjects and showed poor perfornmance on perfornance
subj ects, when Wechsler Adult Intelligence Scale test was
adm ni stered. These experinmental data need not be true of all
i ndi vi dual cases of aging because of nunber of i nportant
variabl es affecting the interpretation of these findings.
Education is one such inmportant factor affecting the inter-

pretation and standardization of the intelligence tests.

Bl RREN and MORRI SON (1961) re-evaluated WAI S scores
along two di nmensions of age and education to discover that
education |evel played nore inportant role than the age in
determ ning nmental capacity. Failure to account the factor
of education level greatly inflates the age rel ated decrenent

inintelligence test scores.

The health of the subjects appear to have a signifi-
cant inpact on intelligence test scores. BOTWNI CK and
BI RREN (1963) observed healthi er subjects perform ng better
than others as WAIS though not their results did not statisti-
cally differ.

Most of the experinents to study the changes in
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intelligence in the aged involve cross sectional designs
for obvious reasons. However, inspite of the findings
t hose are observed as these studies, |ongitudinal studies
may provide a better thought an intellectual decline in the
aged. M LLER(1977) observed that cross sectional experinents
tend to overestimate the rate of intellectual decline as a

function of age.

M LLER (1977) stated that " fluid " intelligence ( the
ability to adapt to new situations, adduce new rel ationshi ps,
acquire newideas) in nore susceptible to aging than -

" Crystallized " abilities (learned intellectual skills) using
the results of the experinent by cunni ngham cl ayton and

Overton (1975) They (Qunningham etal ) observed ol der subjects
performng relatively poorer as fluid intelligence test such as
Raven' s progressive matrices. Any index of intellectual
functioning involving considerable fluid skills, such as
probl em sol ving, creative thinking and devel opi ng new i deas;

tend to decline wth increasing age (BOTWN CK 1967, 1973)

"The wunequivocal presentations, by different researchers on

the aspect of intelligence changes in the aged, warm us very

much as the factors affecting them to draw any single conclusion
Menory, one aspect of intelligence is reported to be affected

in the aged (G LBAR 1941; DAVIS & OBRI ST 1966) G LBER & LEVEE1971
M LLER 1977) SCHOW CHRI STENSEN HUTCHI NSON & NERBONNEL 1978)
assune that nmenory invol ves

(i) "™ a tenporary short term storage of limted capacity and

rapid decay " and



(16)
(2) along term storage wth considerable capacity and

relatively nore permanent fixation of traces. They consider

there as two fundanmental |evels of Menory.

G I BERT (1941), DAVIS & OBRI ST (1966), G LBERT and
LEVEE(1971) observed that ol der people perform ng poorer
when conpared to younger people on various tests involving
menory BOTW NI CK(1973) observed el derly peopl e exhibiting
nore serious decay in the long term storage process than
t he younger ones after reaching a criterion |evel of |earning

i nvol ving menory

VWiile interpreting any data involving menory, one has
to be very careful with regard to the factors such as stinulus
intensity, speed of stinulus presentation, attention and sensory

nmodal ity used etc.

Psychol ogi cal changes and Advanci ng age:

Many psychol ogi cal changes have been reported to occur
with increasing age. However it is difficult to draw a general
concl usi on about these changes because of unequivocal reports
by researchers and because of the influences of critical factors

such as famly size, famly attitude, health, site of residence,

ethnic and religious background, education, socio-economc
status, cultural background etc., which determ ne the psycho-
| ogical profile of an older individual. Personality changes
such as di sengagenent, cautiousness and rigidity have been

reported to appear with increasing age.
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BOTW NI CK (1973) observed that ol der people tended to w thdraw
and to becone relatively nore introverted because of dis-
engagenent. GUVWM NG and HENRY (1961) earlier had argued

t hat di sengagenent was a natural and pre-programed phenonenon.
An individual starts becom ng nore pre occupied with hinself
and starts having | ess concern about his interpersonal contact.
In addition to this the societal forces may play a crucial role
of forcing wi thdrawal an aging people. Since, they (CUW NG &
HENRY 1961) consider di sengagenent as natural event, they
consider that elderly will usually be satisfied, happy and

wel | adjusted inspite of disengagenment, BOTWIN CK( 1973)

consi ders this happi ness- di sengagenent relationship to be
dependent upon the age of the person, his physical and nental
status his personality, the social role he has the t pe of
activity he has to engage hinself and whet her he has confidence
or not, cautiousness and rigidity have been considered the other
characteristic dinmensions of personality changes in the
senescence. It has been reported that ol der peopl e nake nore

cautious |life decisions than the younger one.

Even when the potential for marked financial gain is
present, the older tend to be nore cautious in taking the

deci sions involving the finance (WALLACH and KOGAN 1961)

Rigidity or rigid behaviours inplies stereotyped
response patterns and resistance to change. O der subjects
tend to offer such inflexibility. Lifelong personality

characteristics, educational history intellectual skills

cul tural factors etc, seemto influence rigidity(BOTW NI CK-
(1973)
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Depression is another personality characteristic
that is attributed to the aged. This may be due to
depressive episodes that occur in |ife. BOTWNICK(1973)
feels this can be well conbated if health professionals
can help the elderly to restore the feelings of self worth,

social contact and restructuring their life goals.

However there are reports with regard to personality
being remarkably stable over the adult years (FOZARD and
THOMAS 1975) Many factors are necessary for a stable
personality. They are good health, vitality, famly
relationships, famly attitudes, enotional support from
fam |y menmbers, interpersonal contacts, reactions to the

end of life, life reviewetc.

One should be very careful, while drawing a definite
concl usi on about psychol ogi cal changes in the aged. The
changes those may occur m ght be just reactions. The
reactions mght be simlar to the reactions of the younger

popul ation to the same kind of situation. Segregation of al

these factors and studying the young and ol d generations may
throw certain |ight on the personality changes those occuring
with age.

Theories of Aging:

There are several theories of aging. They can be broadly
classified into two groups They are:
(a) Social Theories and

(b) Biologic Theories
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(a) Social Theories: Soci al theories can be further

classified into:

(i) Theory of D sengagenent;

(i1)Devel oprental theory;

(iii)-Miltiple cause- deficit repair and

(iv) Active Theory.

(1) Theory of D sengagenent: Thi s theory has been putforth
by CUM NG (1960) and CUW NG & HENRY (1961) The theory is

suggestive of the gradual withdrawl from society a nutual dis

I nvol venent of the elderly individual and the social forces,
sorrounding himw th growing age. This has been considered a
natural phenonenon. This is attributed to increasing biol ogical
limtation, the perceived inevitability of death and the

escal ating | oss of social relationships.

The theory considers the di sengagenent as a sel f-

perpetuating process. In that, the search for the ties, by

the aged becones | ess rewards and the need for the new existence
becones nore. The theory views two stages In the first stage of
aging, there is a severance of bonds established by enpl oynent
and famly leadership roles. In the second stage, the femlial
dependency plays a crucial role, because the aged individual will
not be able to mai ntain behavi our necessary for health, cleanli-

ness or propriety.

(11) Devel opnental Theory of KASTENBAUK( 1961, 1964):

This theory considers old age, as cul mnation of personal growh
and as an end of devel opnent. The Theory accounts for individua

differences. It also provides for four alternatives: They are-
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(a) devel opment may stop at certain point but the life
may continue;
(b) an individual may continue to devel op never reaching an
ol d age;
(c) an individual may continue to develop inspite of grow ng

age but without reaching a plateau to characterize the old age.

(iii) Miltiple Cause- deficit- repair- Theory of LINDSLEY1964:

The Theory inplies the follow ng:
(a) A longterm accunul ation of deteriorating influences may
i ncreasingly mani fest with fading youth;
(b) Alife time physical and enotional abuses may cul m nate
in specific behavioural deficiencies which can inpede
performance,
(c) Adiversity of disabling physiologic and psychol ogic
agents, acting upon the systems during earlier years may
mani f est thenselves as nmultiple deficits both physiologically
and mental |y individual depending upon the person's ability
to cope with and conpensate for his unique arrays of
disabilities

(iv) Active Theory: This theory stresses that there is one

to one relation between the ol der person's decreasing |evel

of participation in social activities and personal satis-
faction of life.

HAVI GHURST and ALBRECHT(1953) reported that the ol der persons
may be forced to reduce their social participation due to

physical and enviornmental changes owing to [oss of occupation
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or due to altered living conditions. As the activities in
t he envi ornnment reduce, the older individuals may feel

segregated fromthe enviornnent( or society) and their self

image starts deteriorating (MADDOX and ElI SDORF3R, 1962)

The theory asserts that an aging individual can still
life actively in the society, if he is able to substitute
nmore realistic activities for the ones which he is nmade to or
relinguished and if he is able to replace the old | ost human

associ ations with new human associ ations (HAVI GHURST, | 963)

The active theory also assunes that the |evels of
activity patterns and val ue systens of m ddl e age continue

to be preserved in old age.

(b) Biologic Theories of Agei ng: Bi ol ogi cal theories of

ageing can be further classified into:
(i) Cenetic theory

(ii) Somatic nutation theory

(iii)Free Radical theory

(iv) I'mrunol ogic theory

(v) Hayflick's theory.

(i) Cenetic theory: Thi s theory suggests that Biologic

ageing is strongly associated with heredity. It considers
that the biologic process of ageing as nost inevitable and

i mrut abl e process. As the human body ages, its conposite
systens deteriorate but not in a uniformrate. |In addition,
there will be an accumul ation of foreign substances within

neural and nuscle cells and sone extracel |l ul ar deposits that
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interfere with normal activity and the growmth The Theory
al so presunes that physically, there is an outward simlarly in
agi ng characteristics within the Species, and also a consistancy
anmong the above factors. It also argues strongly in favour of
a genetic determnation of aging. It postulates that the life
span is programmed to extinction by specific genes coded for
such term nal changes and that the information carrying nol e-
cules in these genes accunul ates errors over time which can
eventual ly interrupt cellular functions, causing degeneration

and heal t h.

Somatic Miutation Theory: This theory postul ates

that increasing longevity of bodily cells is acconpanied by a
progressively higher frequency of cell nmutations. CURTIS &

M LLER (1971) consider that this increase in the nunber of un-
separable mutations interfere with the primary function of the
cells and that the duration of life-span and the rate of ageing
are directly related to chronosonal dangers occuring due to

mut at i on process.

Free Radi cal Theory: Afree radical is a type of

nol ecul e whi ch produced by the reactions within the mtochondria
and that possesses a free, unbound el ectron. Radicals that
escape fromtheir systens nmay react with other nol ecul es,
threatening the integrity and function of cellular activity.
Free radicals can react with RNA, the nessenger agent of DNA,
causing errors in protein synthesis and this in the " script "
that the cell is programmed to perform The degeneration of

nol ecul es and changes in body chem stry nmay account for the |oss
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of tissue elasticity, arteriosclerosis and calcification
comonl y- observed anong the elderly and | ongevity may

directly proportional to the rate of netabolic degradation

(HARKAN & PI ETTE 1966)

| mmunol ogi ¢ Theory: According to this theory cellul ar ageing

represents a gradual decline in immnity to various disease
states. As cells growold, they undergo an inmunogenetic

di versification and they becone |ess resistant to infections
processes to which they were once naturally i muned (WLFCRD

1969, PETER 1973)

HAYFLI CK'S THEORY: M crobi ol ogi st HAYFLI CK' S(1973) investigations

of human factors and adult cell strains, have attached
consi derabl e credence to the concert that ageing is an

i nherent property of normal cells, Cells possess an inherant

bi ol ogi c time piece that programs themfor extinction.

Arresting cell division for several years and then restoring

there limts of the doubling process, nor did transplanting

aging cells in to nore youthful systens alter their proliferation

The genetic programfor growing old, apparently has a nmenory
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Chapter-111
NORMAL HEARI NG PROCESS

The knowl edge about anatom c¢ and physiol ogic bases
of hearing will inprove the clinician's ability in inter-
preting various audl ol ogical tests, in diagnosis of the
problemand in the rehabilitation of the patient. |If one
knows what is normal anatonmy and physiology, then he can

easily describe an abnormal anatomy and disturbed function

Auditory system can be divided into two parts
They are:
(i) Peripheral auditory system and

(ii)Central auditory system

The peripheral auditory systemcan be sub-divided into:
(a) External Ear, consisting of "Pinna ' or 'auricle' and
"external auditory meatus '. The pinna collects and directs
the acoustic energy towards the mddl e ear via the externa
auditory meatus.
(b) M ddle Ear consisting of tynpanic membrane, ossicular
chain and muscles. This (i) converts the acoustic energy into
mechani cal energy, (ii) matches the inpedence between outer and

inner ear, and (iii) protects the inner ear from loud sounds.

(c) Inner Ear consists of the organ of sense of hearing. It
converts the mechanical energy that is fed by the mddle ear

into electro-chem cal energy and analyzes the energy that is
reaching. That is to say that the sound energy that reaches

the ear is transformed into electrical energy, through the

el ectro-chemcal reactions in the inner ear. This happens in the

peripheral auditory system
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Central Auditory System The electrical energy, the fina

outcome of the peripheral auditory systemis further directed

towards the central auditory system via the auditory branch

of VIIl cranial nerve, in the formof neural inpulses. These

i mpul ses pass through initial structures of the brain stem

| ateral |emiscus, inferior colliculus, medial geniculate body,
to reach the tenperal cortex, via the auditory radiations. The
information received by the peripheral structures are decoded
at many stages, all along the central auditory system Fina
decoding of the information is done at the level of cortex,

that is tenporal cortex for the rurpose of perception

The maj or anatom c and physiologic features of the

auditory system are briefly discussed here.

Peripheral Auditory Mechani sm

External Ear: It is outwardly visible. [It's chief function

is to collect and to direct the sound waves towards the m ddl e
ear. It has two major structures, (i) the auricle and (ii) the

external auditory meatus.

Auricle: (Pinna) It is a promnent structure of the hearing

mechanism It is vaguely shaped in the formof a cup or funne
and | ocated on both the sides of the head. It consists of
several pieces of cartilages that are held together by |iga-
ments and is covered by skin, (It has a number of |and marks
on its contoured surface. The outermost rimof the pinnais

referred to as 'helix'. Another ride parallel to this is

cal |l ed antilelix The extreme |ower portion is called
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| medi ately above the |obule is the "antitragus'

| obul e
Atiny protruding structure which is anterior to the opening
of the ear canal, is the 'tragus’ The depression in the pinna

is 'concha ', which serves as the opening into the external

audi tory neat us.

The human auricle functions nost efficiently as a sound
coll ector for frequencies above 5000HZ The configuration of
the ridges and depression of the auricle, function as a
conpl ex resonator for high frequencies. The vertical portion
of the sound source to the auricle will provide cues for

| ocal i zati on of sounds.

External Auditory Meatus: (Ear canal) This tube |ike structure

is about 25 to 30 mmin length and (has a di aneter about 7 to 8mm
The outer two-thirds of the tube is cartiliginous and nedi al
one- third is formed by the hard bone of the tenporal part of
the skull. The cartilaginous portion of the ear canal contains
tiny cilia, and the subaceous gl ands. The subacei ous gi ands
have a secretory function. They secrete a waxy substance

known as 'cerunen '. The presence of hairs and wax prevent the
entrance of foreign bodies and insects. The ear canal is
tilted at a slight upward angle as it traverses in to the skull"’
External auditory meatus obtains innervation fromthe V and X
crani al nerves. The external auditory neatus directs the
Sound waves towards the tynpani c nenbrane and al so behaves as a
resonator (Rose 1978). The resonance provides | 0-15dB anpli -

fication in the region of 3000 to 4000 Hz.



M ddl e Ear: This is a cavity having a vol une of about two

cubic centineters. It is enclosed within the tenporal bone
of the human skull. This cavity is situated between the
external auditory nmeatus and the inner ear. The tynpanum

is lined by nmucous nenbrane. Mddle ear is a cubide

six walls. It contains three auditory ossicles, air, nuscles,

liganents and bl ood vessels. It also has nerve supply.

Lateral wall: It is formed by the tynpanic nenbrane and a

smal | portion of bone. It separates the ear canal fromthe

m ddl e ear cavity.

Tynpani ¢ nenbrane is made up of three layers of tissue.
The outer layer, which is towards the external auditory neatus
is made up of cutaneous tissue which is continuous with the
tissue lining of the ear canal. The inner layer is conposed
of mucosal tissue which lines the entire m ddle ear cavity.
The m ddl e layer is conposed of fibrous connective tissue, has
medi al and circul ar arrangenents, having these three |ayers of
tissue is terned as pars tensa. A small triangular portion of
the drum the "pars Flaccida " is located in the upper part
of the nenbrane and it does not contain a fibrous layer. This
makes pars flaccida nore flexible than the parstensa, this
allows the tynpanic nenbrane to be highly responsive and
nobi |l e as sound waves inpinge on it. The ear drumis cone-
shaped, with its centre " unbo " attached to the handl e of
mal | eus.  Tynpani ¢ nmenbrane slightly protrude into the m ddle

ear cavity. It is served by the branches of V cranial nerve.
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Medi cal Val | : It is abony wall which is convex |aterally.

This ¢ nvexity is due to the basal turn of cochlea. Due to the
convexity there is a bulging portion, which is known as

" pronontary '. This |ooks rough due to the tynpanic pl exus
of gl osso-pharyngeal nerve (ix). Just above the pronontary
there is an oval shaped opening, known as oval w ndow

" Fenestra Vestibuli ", which |eads to "Scala Vestibuli " of
cochlea. This oval windowis covered by foot plate of the
stapes. Just below the pronontary there is a round openi ng
known as ' Round Wncow Fenestra Cochl ea ' whi ch opens "Scal a
tynpany" of cochlea into mddle ear. This round wi ndow is
covered by a nmenbrane known as secondary tynpani ¢ nenbrane.
Above the pronontary there are two bony el evati ons which are
hori zontal portions of the facial nerve canal, and the |atera

semcircul ar canal .

Anterior VlI: It is very narrow and has four openings. The

| oner opening is the bony opening of the eustachian tube. Just
above this there is an opening fromwhich 'tensor tynpany'

nuscl e ener ges.

Posterior Wl : Here there is a snall projection known as

‘Pyramd" which has an opening at its apex. Through this

openi ng, the tendon of stapedius nuscle energes into the mddle
ear. Above this a small opening is present which is known as
‘auditus' to ' mastoid antrumi. Through which the tynpanum
comuni cates with the tynpanic antrum Medial to auditus to
mastoid antrumthere is descending part of the facial nerve in

t he bony posterior wall.
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Roof : It is formed by a plate of petrous part of the tenpora

bone, which is known as " tegmen tynpani" . It separates the

cranial fossa and tynpanic cavity.

Fl oor : It is narrow and consists of a thin conplex plate of

bone whi ch separates the tynpanic cavity, from superior part
of the internal jugular vein. In the floor there is a snall

aperture for tynpanic branch of the 'd osso-pharyngeal " nerve.

Gssi cl es: It is a chain |like net work nade up of three tiny
bones, which connects the tynpani ¢ menbrane and the inner ear.
The first of these, the malleus, is attached to the mddle
connective tissue |layer of ear drum The next one is incus, IS
attached to mall eus and also joins with the |ast ossicle, the
stapes to formthe entire ossicular chain. Stapes fits into the

oval w ndow, an opening of the bony covering of the inner ear.

Miscl es and Li ganents: The entire ossicular chain is suspended

by a series of |iganents which attach to numerous | ocations on the
the three bones. These generally function to hold the ossicles

in place during their vibration and to assist in the termnation
of ossicul ar novenent once a sound has ceased m nimzing the
amount of distortion created in auditory system There are two
nuscl es the stapedius and the tensor tynpani. The stapedi us
nuscl e originates on the pyramd of the posterior wall of the
mddl e ear, and attaches to the neck of stapes. It obtains the
nerve supply fromfacial nerve (M1 cranial nerve) Wen this
nuscl e contracts the stapes is pulled fromthe oval w ndow,

altering its normal novenent.
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The tensor tynpani originates near the eustachian tube
and attaches to the malleus. It's contraction exerts a strong
pull on the malleus nedially and anteriorly. This is supplied

by V cranial nerve (Trigemnal).

The stapedius and the tensor tynpani have been shown to
contract automatically when an individual is exposed to intense
auditory stimulation. The Contractions of these two nuscles
reduce the nobility of ossiclar chain and thus protect inner
ear from damage resulting from exposure to intense sounds.

Eust achi an tube is a canal which connects the mddle ear cavity
with the nasopharynx. This tube is normally closed and can be
opened through the nmuscul ar action associated with activities
such as swallowing or yawmning. It allows for an exchange of air
in and out of mddle ear cavity, thus equalizes the m ddle ear
pressure, with reference to atnospheric pressure and it also

drains the mddle ear effusions to nasopharynx.

M ddl e ear primarily acts as the sound conduction
mechani smfrom external ear to inner ear. Secondarily, it acts
as an inpedance matching transforner in matching the inpedence
of inner ear fluids with external ear. It also protects inner
ear from bei ng damaged by i ntense sounds by the contractile

actionsof stapedius and tensor tynpani nuscle.

inner Ear: It contains the end organ of hearing as well as the
end organ for balance. Both are en cased in the same bony
capsul e which is part of the tenporal bone of the skull. The
vesti bul ar system ( the system covering balance ) is conposed of

several critical structures, which include the saccule, utricle
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and three fluid filled sem-circular canals. These conponents
work together in a conplex fashion to provide us with nmuch

needed information pertaining to equilibrium

In this paper our concern is with the end organ for
hearing This portion of inner ear is terned as Cochlea It
contains a highly conplex net work of structures which are vital
to the process of hearing. The inner ear contains both a
bony/ osseous | abyrinth and a nmenbranous |abyrinth. The osseous
| abyrinth is a series of cavities- enclosed in the tenporal bone
whil e the nmenbranous |abyrinth is a network of fluids and

ti ssues found within the bony | abyrinth.

The cochlea, is a coil shaped, sone what |ike that of a
small snail shell. The foot plate of the stapes fits into the
" oval wi ndow' which serves as an opening through the bony
capsule into a space within the inner ear referred to as the
vestibule. The vestibule is a cormon area within the inner ear

for both the cochlear and vestibular systens and is connected

directly wwth he basal portion of the cochlea.

The cochl ea consists of three canals called as the "scal a
vestibuli " Scala nedia " and " Scala tynpani" because of the
presence of two nenbrane called "Reissners and Basil ar nenbrances
Scal a vestibuli is a canal which runs fromthe vestibule til
t he apex, where as the scala tynpani is a canal that runs from
apex till the secondary tynpanic nmenbrane. The Scala nedia is
the space in between the Reissner's nenbrane and the Basilar

menbr ane.
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The scala vestibuli, and Scala tynpani are filled with a

fluid called "perilynph " as is the vesti bul e.

The Scala nedia is |ocated between Scala Vestibuli and

Scala tynpani and is filled with a fluid called "endol ynph ".

" Reissner's nenbrane separates "Scala nedia " fromthe
"Scala vestibuli ", while the " Basilar nenbrane " separates it
fromScala tynmpani. In the Scala nmedia, and placed on the

Basi | ar menbrane, is the organ of corti, the end organ of

hearing The organ of Corti is nmade up of three rows of outer
hair cells and a single rowof inner hair cells, which have

finy ciliaon their superior surface that are in contact with the

tectorial menbrane, a structure which hangs over the hair cells

Nerve fibres associated with the auditory nerve are enbedded in
the basilar nenbrane andinnervati e each of the nore than 20, 000

inner and outer hair cells in this very conpl ex sensory structure

Movenent of the stapes in and out of the oval w ndow
creates displacenent within the perilynph , causing the round
wi ndow to bulge in and out in response to the action of stapes.
This fluid novenment is also transmtted to the scal a nedia and

the sensory structures of the organ of corti.

D spl acenent of the endl ynph and the basil ar nenbrane
occurs Moyvenent of basilar menbrane triggers the novenent of the

hair cell cilia through a shearing action which occurs between
the basilar nenbrane and the fectorial nmenbrane. This action

i ndi cates the el ectro chemcal changes within the hair cells,

whi ch make the nearly nerve endings trigger neural inpulses.
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These inpul ses are carried through the auditory nerve
eventually to the next, mmjor devision of the auditory

syste-, the central auditory mechani sm

Central Auditory Mechani sm

Al t hough basic intensity and frequency coding of auditory
informati on occurs within the Cochlea, portions of the Central
auditory tract provide further coding. All of this information
is then processed by the inportant structures of the cen ra
auditory systemfor the purpose of perception. W can divide
the central auditory net work into two major divisions:

(i) The brain stem and

(it) the cerebral auditory cortex.

Each division contains several inportant centers of neural
activity along the afferent path-way of the auditory network

whi ch are briefly discussed here.

Ei ghth nerve and Brain Stem Neural fibres fromthe hair

cells within the cochlea collect within the nodiolus to form
spiral ganglia and then through the internal auditory meat us.
This is the first of the auditory neural junctions and terned
as ' first order neurons '. The cochlear portion of the
auditory nerve (MIl CN) enters the brain stemat the
junction of the nedulla and the pons, and here the fibres split
into two branches with one group proceeding to the ventral
cochl ear nuclei and other branch of fibers going to dorsal

cochl ear nucl ei

The second order neurons begin at the cochlear nuclei.

Sone of them then begin the processof decussation in which
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neurons cross to the contralateral side of the brain sterr via
the trapezoid body and termnate within the superior olivary
conpl ex. The fact that nerve fibers from each ear do decussate
here and at higher levels of the neural tract makes it |ess
i kely that neural destruction on one side of the central
pathway will result in a total loss of hearing in that ear.

O her second order neurons energe from the cochl ear nuclei and
remain on as ipsilateral ascending tract. Sorne of these fibers
proceed to a second neural junction, the superior olivary

conpl ex, before ascending as third order neurons through the

| ateral |emisgus after |eaving the cochlear neclei. All

fi bers reach the next neural junction, the inferior colliculus
A portion of the neurons may pass through the inferior celli-
culus, going directly to next point the 'nedial genicul ate body
Furt her decussation of neurons occurs at the |level of the
inferior colliculus, which is felt to be the center for

refl exive response to sound.

Cerebral Auditory Cortex: Apparently all ascendi ng neurons

synapse with neurons in the neucl eus of the nedial geniculate
body The fourth or fifth order neurons, then travel through

the area referred to as the auditory radiations, where the
fibres are fanned out. These fibers then termnate in the
auditory cortex. This particular portion of the cerebral cortex
found in tenporal |obe, belowthe sylvian fissure and bound
posteriorly by the parietal and occipital |obes. Audition
stands as the tenporal |obes primary function. According to

Brodman's nunbering system this particular region of the
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cortex includes areas 41 and 42 considered to be the

primary acoustic reception areas.

The entire process of audition, particularly for conplex
stimuli |ike speech, requires the active participation of other
portions of the cortex in addition to those already identified
Wrking in conjunction with the anterior auditory reception
areas are nore posterior and superior auditory areas of the
cortex. It is here that functions such as auditory recognition
association, and recall are thOought to be acconplished. This
is felt to be particularly true of the superior portion of the

tenporal | obe, where Wernicke's area is |ocated.

The tenporal |obes of both hem spheres of the brain
appear to play very inportant roles in the process of audition
Al t hough decussation of ascending neural fibers does occur to

link each of the two peripheral auditory systens, the two

hem spheres are believed not to duplicate all functions in the
processing of auditory stinmuli. Rather it is felt that there
is sonme degree of difference in between the hem spheres and
specificity in audition. |In nost individuals the right ear
appears to be able to retrieve nore information than the left.
The perception of speech in particular seens to be controlled
for the nost part by the left hem sphere, while the processing
of nonverbal auditory stinmuli is carried out predom nantly by
the right hem sphere. Yet even though a certain degree of
speci al i zation exists between the two auditory areas of the
brain, a high degree of redundancy in functions of the two

| obes is present.
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Chapter-1V

The Aging Auditory Process

The human hearing systemis a marvel ous conpl ex system
It is operationally mature even within the unborn fetus. The
nor mal hearing mechani sm provides the brain with a continuing
nouri shnment of acoustic stinulation throughout the life. But
this sensory systemalso changes in its structure, and in its
sensitivity as the age increases. There has been an abundant
[iterature which has reported changes in the auditory sensitivity

and auditory systemw th increasing age.

The effects of aging on man's auditory systemhave been
noted in the literature since the late 1800 s(ZWAARDEVAKER- 1894)
Early investigations of this process focused on the structura
changes; found to occur wthin the cochlea, for an extended
period of tire. It was generally believed during those years,
that the effects, of aging on audition were confined to this

particular portion of hearing mechani sm

More recent investigations, however, have disclosed that

any portion of auditory systemis not inmmune to senescent

al terations.

The decrease in auditory sensitivity with increasing
age is referred to as presbycusis, that is, hearing |oss
securing with increasing age. The pathol ogy of presbycusis
has Shown to involve all the major divisions of peripheral and

central auditory nmechani sns.
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SCHUKNECHT has contributed much towards what is

currently known as presbycusis. This is especially true of
the structural changes that can be associated with aging within
the inner ear and the neural structures of the auditory
system The influence of genetic and enviornmental factors on
presbycusi s also have been studied. What ever the etiology may
be, the fact remains that substantial alterations do occur in

the entire auditory system of the elderly.

Changes have been reported to occur in the follow ng
divisions of the auditory system
(a) the External Ear,
b) the M ddl e Ear;
) the Inunerear and

C
d) the Central Auditory System

(a) Changes occuring in the External Ear with increasing Age:

The physical structure of the outer ear undergoes a
number of changes FOWER(1944) noted that changes begin to
appear in individuals between 40 to 50 years of age. The skin
becomes | ess resistant with aging, and there is shrinkage in its
tissue. In addition, there m ght be a hair growth which
proliferates along the periphery of the helix, antihelix, and
tragus of the pinna. WLLEFORD (1971) observed that, these

| arge, termnal hairs tend to have a wirelike texture, simlar

to brush bristles.

According to TASI et al(1958) there is an increased
l ength and width of the pinna during the process of aging. The
gradual |oss of skin elasticity, nmuscle tenicity and the
| ongi tudinal forces of gravity are reported to contribute

toward the physical enlargement of pinna.
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Are, these age-related changes in external ear going to
affect sound transmssion to the mddle ear? is the question
that has to be answered.
It has been reasonably docunented that convolution or

‘surface ridges of the pinna alter the frequency response of

i ncom ng conpl ex signals. Angular resonance created by these
convol utions provide an acoustic gain for high frequency
conmponents, which are essential for speech intelligibility.
Nor mal ear canal resonance also selectively anplifies certain
hi gh-tone energi es (above 2500 Hz) These characteristics of
the normal pinna permt an input filtering process; that
enhances speech discrimnation. The outer ear plays arole in
| ocalizing both the direction and el evation of sound, it is
angul ar shape enabl es a conpari son between reflected and

i nci dental sound waves, thus providing a peripheral nodel for
gross sound | ocalization, (BRTTEAU 1968; GATEHOUSE &
OESTERRECH 1972) This structural capability, when enhanced by

head novenent and by the contribution of additional infornation

recei ved by the second ear, supports the ability to hear neaning
ful signals in adverse noise conditions. Hence the changes in
pinna with increasing age may contribute its part towards the

hearing |l oss due to aging. The classical characteristics of

hearing | oss due to aging are(a)hightone hearing loss,; (b)
reduced speech discrimnation and (c) difficulty to hear in

noi sy envi or nment .

PERRY (1957), revealed that there will be a decrease in

the nunber of wax produci ng cerum nous gl ands, sweat gl ands and
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the tendency for ear wax to be some-what drier among ol der
peopl e.

Following are the certain problems of the external ear
those interact clinically with the assessment of elderly -
a) Hardened and sonetime |ong standing wax deposits;
b) Term nal hair growh;

(

(

(c) Prolapsed ear canal;

(d) collapsing ear canal and;
(

e) decreased tactile sensation.

It seens doubtful that alterations in the external ear
that are solely due to longevity have any pronounced effect on
audition. Although functional changes in the pinna my alter,
to sone extent, the frequency response of the system There is
no research held has thoroughly investigated this aspect, and
It's consequences on peripheral hearing. The incidence of
prol apsed and col | apsing canals anong the aging is unknown but

is likely to be quite rare.

The M ddl e Ear:

A nunmber of age-related changes have been observed within
the delicate structures of the mddle ear. These alterations may

result in some degree of auditory dysfunction.

Many investigators have reported sore alterations in the
tynpani ¢ menbrane, but the exact nature of these alterations are
still not known.

COVELL(1952) pointed out that there is thinning and |oss
of rigidity of the tynpanic menbrane. ROSENWASSER (1964) noted
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the tynpani c nenbrane of the elderly to be often thin and
translucent. KLOTZ(1963) reported a sclerotic thickening

or a nonreflective tynpanic nenbrane to be present in ol der
patients having chronic rheumatism and arthritis. MAURER and
RUPP(1978) reveals that the drumis nore translucent and rigid
than former years, with adjacent ossicular |and marks nore

visible; in the aged.

Substanti al evidence is avail able regarding the devel opnent
of increased rigidity of three bones of ossicular chain.
ROSENWASSER (1964) di scussed the ossification of the mall eo-
incudal joint with calcification in the articular cartilage. He
al so noted the presence of ossicular atrophy, particularly in the
crura of the stapes, in the elderly. BELAL(1974) reported the
i nci dence and severity of involvenment of the incudonalleal and
i ncudost apedial joints to increase significantly with progressing
age. These alterations occured in both the ears and in both

the sexes. The earliest signs consisted of fraying of the

articular cartilage and the appearance of fibrils and vacuol es

in the ground substance of the joints. Later changes included

thinning and calcification of the cartilage atrophy and hyalini -
zation of the elastic capsule surrounding the articular border
of the cortilage and atrophy of the articular disc. More severe
arthritic changes have been reported to occur anong individuals
of over 70 years of age. They include conplete fusion of the

space between the long bone joints.

Owi ng to above changes, the m ddl e ear conpliance may
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decrease w th increasing age.

KLOTZ(1963) and CREBSE (1963) have reported the sclerosis
of the joints of the ossicles to occur with increasing age.
This results in increased rigidity of these bone. However,
ETHOLM and BELEL(1974) have concluded that the above nmenti oned

alterations may not affect the hearing.

A general degeneration and atrophy take of the tensor
tynmpani and the stapedius nmuscles of mddle ear and their
| i ganents have reported to occur. SCHUKNECTH(1955), KOT
KLOTZ(1962) and GOODHI LL(1969) have reported a reduced elasticity
and atrophy of muscle tissue and calcification of the Iignents.
COVELL(1952) and ROSENW ASSER(1964) have stated that the
deterioration in the functions of the two m ddl e ear nmuscl es may
| essen the ampunt of protection provided by these structures of
the ear, during the contraction of these nmuscles, in the
presence of intense noise. DAVIS(1970) reported that degenarative
changes in liganents and nuscles of mddle ear may result in
the inefficient operation of the ossicles, thus causing a m nor
decrease in the hearing acuity and produci ng sone degree of dis-

tortion within the conductive nechani sm

DAVI S al so noted the potential for the atrophy of the
i gaments and nuscles of mddle ear to result in the production
of less tension on the tynpanic nenbrane, waking the nenbrane
sonmewhat flabby and making it |less able to respond to incomng
sound waves.

The nuscl es responsible for the opening of the
Eust achi an tube has al so been reported to under-go an atrophy

Thus they do not function efficiently. Due to this the ability

of the Eustanchian tube to open properly, nmay be inpaired. This
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inability may create a negative pressure in the m ddle ear
cavity. MAURER and RUPP(1979) stated that increased patency
of the Eustachian tube may cause the ol der person to hear his
own voice nore loudly. This condition is referred to as "auto-
phony”. Changes in elasticity and the displacenment of the
tissue in the nasopharynx may cause the nouth of the Eustachian
tube to resist opening, resulting in an increase in the negative

pressure in the mddle ear.

Al t hough the notion that conductive Presbycusis is a
characteristic of the auditory aging process, it has achieved
little consensus. Hi stologic reports indicate that these
alterations range fromsubtle to profound, within this highly
di vergent popul ation. Unless the changes are pronounced, they
may not be detected by conventional audionetric measures or by
vi sual otologic inspections. Hence, it is nost inportant that
any invol venent conpoundi ng an already present sensorineural |oss
shoul d be investigated. Cbviously, there is a rather high
prem um on any sensitivity that can be restored through nedi cal
intervention. Consequently, audiologic assessnent strategies,
ainmed at isolating possible transm ssive |esions, should not be

i gnored sinply because a person is old.

| nner Ear: Many researchers believe that the inner ear is the
primary | ocation for presbycusis. The degeneration of certain
structures in the inner ear during old age has a substanti al
effect on hearing in elderly people. The aging process is going
to affect the critical conponents of cochlea and ot her parts of
Central auditory system A review of the changes which occur with

agi ng process are also discussed here.
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SAXEN AND FI ENDT (1937) noted the severe atrophy of
organ of <cortj is aged people. JORGENSEN(1961) found
organ of Corti in a collapsed state and it is reduced to a
smal | bul ge on the basilar nmenbrane and stated that at this
stage it is virtually inpossible to discern any anatomc
details. SCHUKNECHT(1955) observed the atrophy of organ of
corti in very specific area of the basal end of the cochl ea
and stated that, atrophy to be nore at the basal end of the

cochlea that at its apex.

A reduction in nunber and size of hair cells and
supporting cells has been reported by many investigators
SAXEN 1952; SCHUXNECHT 1955, 1964; JORGENSEN 1961; HANSEN
and RESKENI ELSEN 1965) SAXEN (1953) showed the flattening
of the whole Organs of Corti and also showed Rei ssners
menbrane to be adherent to the hair cells. COVELL and
ROGERS (1957) study suggested that the epithelial |esions

to be secondary to degeneration in the spiral gangliors.

SAXEN( 1952) and SCHUNKNECHT(1955) have al so supported
this view. A conparison of available audioneteric data, wth
t he hi stopat hol ogi c findings, gives a poor support to the view
that these epithelial lesions in the cochlea have an anatom ca
base for presbycusis. JORGENSEN(1961) described these changes

in all age groups, even down to the age of 7 years. SAXEN

(1952) often found m nor changes in anatonmy in patients with
maj or hearing defects and major lesions in patients where a

m nor hearing deficiency existed. Contrary to what one coul d
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except, the major pathology is not always found in the

basal end of the cochlea(CRONE, et al 1934; SAXEN 1952

FLElI SHER 1956; COVELL and ROGERS 1957) . It is possible

that these epithelial alterations are partly or wholly due

to the agony of the patient or due to post nortem destructions
or due to artifacts in the fixation(LANGE 1937; COVELL 1952;
SAXEN 1952; JORCGENSEN 1961) . HANSEN and RESKE- NI ELSEN( 1963-
1965) reported no epithelial changes in the cochlea, in two
patients. They studied the cochlea ten mnutes imedi ately

after the patients' death.

Cal careous deposits in the thickened basilar nmenbrane and
alterations in the stiffness of basilar nmenbrane associ ated
w th aging were observed by MAYER(1920) and CROWet al (1934).
CRONE et al (1934) reported sone calcification and hyalinization
at the very basal end of the basilar nmenbrane. SCHUKNECHT(1967)
observed the rupture and atrophy of basilar nenbrane, with the

t hi nning of the nmenbrane occuring at the site of the rupture.

CROVE et al (1934), SAXEN and VON Fl ENDT(1937), and
SCHUKNECT(1964) reported the structural atrophy of stria-
vascul aris resulting in substantial interruption of the
transducer activity within the cochlea. The degeneration of
stria vascularis is a mpjor factor in explaining the depression
in hearing acuity observed in presbycusis; because the stria
vascularis is felt to be the source or production of the endo-
lynph (ZEMLIN 1968) and it is also felt to be the source of the
D C potentials in the cochlea. The chem cal conposition of
endol ynph can alter concurrently with aging of auditory system

(GOCDHI LL and GUGGENHEI M 1971) .
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CROVE et al (1934); SAXEN (1952); SCHUKNECHT (1955 & 1964):

FLElI SHER(1956) JORCE3EN(1961) constantly found the reduction

in the nunber of ganglion cells in the spiral ganglian in the
cochlea of the old patients and animals. Here again a
conmparison of the available audionetric data with the pathol ogic
findi ngs gives poor support to the viewthat these alterations
in the spiral ganglion can bring about major changes and vice
versa. SAXEN(1934) and HANSEN & RESKE- N ELSEN(1965) found a

| oss of less than 50%of the ganglion cells of the basal coil in

presbycusis patients. FABINYlI(1931) and CROVZE et al (1934)

found a correlation between frequency |oss and the ganglion
cell destruction found in the corresponding coil of the cochlea
But unfortunately, the nunber of ganglian cells which can be
damaged with out affecting the threshold for pure tones is

given as high as 50% (CRO/ME et al 1934) and 80% (CG TRON etal 1962

Central Auditory Mechani sm

The 1 oss of neurons throughout the entire CNS system has
been shown to begin early and to continue throughout the life.
This | oss of neurons becones vigorous at old age (BRODY 1955).
The degeneration of ganglion cells of the auditory nerve
initially termed as 'Neural atrophy " has been changed to
"Neural Presb cusis' (SCHUKNECHT 1955, 1964). NEFF(1947)reported
that the partial section of the auditory nerve in man results in
a hi gh-frequency hearing | oss. However there is no parallelism
bet ween nerve fibre population and pure tone threshold.

SCHUKNECHT and WOELLNER (1953) and CI TRON et al (1963) found a
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normal threshold for puretones despite of severe
degeneration of the cochlear nerve. The threshold loss in

presbycusis is due to deficits in the population of the 1st,

2nd, 3rd and 4th order neurons. (SCHUKNECHT 1955).
JORGENSEN( 1961) f oundnol oss of acousticnervefibersinpatients

wi th presbycusis.

CROVNE et al (1934) and HANSEN and RESKE NI ELSEN( 1965)
reported only slight degeneration in the peripheral part of the
auditory nerve, but severe vascular alterations in the interna
auditory meatus. COVELL and ROGERS(1957) and SERCER and
KRVPOTI C(1958) report a narrow ng of the openings of the tractus
spiralis foram nosus by hyperostotic deposits. They would
exert a continuous pressure and thus cause an atrophy of the

acoustic nerve fibers, resulting in 'pure idiopathic presbycusis'

Asone cochlea is represented bilaterally, extirpation of
one hem sphere does not cause threshold loss for pure tones in
man (DANDY 1933) Bilateral tenporal lesions, result in severe
to total loss of hearing. KIRKAE, SATO and SHI TARA (1964)
found atrophy of neural structures in the ventral cochlear
nucl ei, the superior olivary conplex, the lateral |emiscus, the
inferior colliculur and nmedial genicul ate body and in the
auditory cortex itself. SCHElI DEGGER(1963) nentions howin old
patients the central pathways and nuclei are affected by genera
di ffuse atrophy. HANSEN and R3SKE- NELSEN(1965) found severe

degeneration in the glial part of the acoustic nerve as well as
in the white matter of the brain stem and in the hearing centers.
Al terations were nost pronounced in the white matter of the

hem spheres, next in the brain-stemand finally in the nucle

and the cochl ea.
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Bioel ectric Potentials: PESTALOZZA (1956) and PESTALOZZA

et al (1957) measured the Action potential, the cochlear
m crophonic and the summating potential of senile guinea pigs.
They found that:
(a) The cochl ear m crophonic was smaller than in young
animals. This was reported to be partly due to conductive
hearing | oss.
(b) Even with normal cochlear m crophonic the Action

potentials were less than in young animals. This was

attributed to the loss of neurons in the spiral ganglion.

(c) The summating potentials were also reduced in old animals.

Cardi ovascul ar Di sease and Preshycusis:

Extensive Vascular lesions in the ear of the aged have
been observed by many investigators (CROAE et al 1934;
FI EANDT and SAXEN 1937; SAXEN 1952; SCHUKNECHT, 1955 & 1964;
JORGENSEN 1962; HANSEN & RESKE- NI ELSEN 1965). These | ocal
changes are not necessarily part of a general vascular
di sease. SAXEN(1952) states that the Vascul ar changes are.
responsi ble for the epithelial lesions in the organ of corti.
CROVE et al (1934) JORGENSEN(1961) and SCHUKNECHT(1964)descri be
extensive changes in the striavascularis, w thout any evidence
of damage to the organ of Corti. BUNCH(1929-1931);
PESTALOZZA & SHORE (1955); KLOTZ & KILBANE (1962), MLLER &
ORT (1965) found no relation between presbycusis and cardio-
vascul ar di seases . In contrast with these findings and

opening, a positive relation between cardiovascul ar di sease and

presbycusis is suggested by SCHUKNECHT (1964); WESTON(1964) and
ROSEN (1962, 1964, 1965).
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TYPES OF PRESBYCUSIS: The hi stopathol ogi cal and the pat ho-

physi ol ogi cal (audiological) findings in the aged auditory
system are not constant. For this reason a nunber of authors

di stingui shed different types of presbycusis.

In 1955 SCHUKKECHT di stingui shed presbycusis due to

epithelial atrophy and due to neural atrophy.

Presbycusis due to Epithelial Atrophy:

This is characterised by atrophic degenerative changes in the
menbr anous cochl ear |abyrinth, including afferent and efferent
nerve fibers. The loss of hair cells and spiral ganglion cells
run parallel. The nost severe changes are located in the basa
coil. The process begins in the m ddl e age and progresses slowy.
Even at advanced age the lesion is reported to be limted to the
very Basal end of the cochlea, and it does not or barely affects

t he speech frequenci es.

Presbycusis due to neural atrophy: This is characteristed by a

decrease in nunber of neurons of the auditory nervous pathway.
It's onset is usually in older age and is superinposed upon the
Epi thelial atrophy.

Again in 1964, SCHUKNECHT described four different kinds of
presbycusi s:

(a) Sensory Presbycusis: This type is simlar to the presbycusis
due to epithelial atrophy as explained before.

(b) Neural presbycusis: This is the type described before as

presbycusis due to neural atrophy. The hearing disability is
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characterised by a discrepancy between speech discrimnation
score and pure tone threshold, known as 'Phonem c regression'

(GAETH 1946) .

(c) Metabolic Presbycusis: The stria Vasculoris is an

i nportant structure in netabolic processes, sinulating a
battery providing a D.C. potential (DAVIS et al). An inpair-
ment of this structure results in an inpairnent of the bio-
el ectrical process of the cochlea. Hence hearing loss. In

this cases we can see a flat audioneteric curve.

(d) Mechani cal Presbycusis: This isdue to a stiffening of the

basi | ar menbrane. The hair cells, the spiral ganglion and the
stria vascularis show only m nor changes. The functional

correlate is a descending audi onetric curve.

SAXEN (1962) classified presbycusis in man into three
groups:
(a) Senile atrophy of the spiral ganglion: In this group a
reduction in the nunber of ganglion cells in the spiral ganglion
is found; mainly in the area of the basal coil. Normal ganglion
cells can be found in the corresponding part of the organ of
corti. This group is nore or less identical to the Neural
presbycusi s of SCHUKNECHT.

(b) Angi oscl erotic degeneration of the inner ear: The organ of

Corti is flattened. Hair cells and supporting cells are
reduced in nunber and size. There is w despread angi osclerosis
of the bl ood vessels of the inner ear. |In nost of these cases
a typical nephrosis is found. Angiosclerotic degeneration is
sel dom met as an i ndependent disease. Usually a senile

atrophy is also found in these patients.
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(c) The central nervous system There was no histopathol ogic

changes found in cochlea and acoustic nerva. Blood vessel s of

the brain were reported to be intensely sclerotic.

Audi ol ogi cal Mani festations of Ageing:

It has been known for many years that the hearing acuity
is dimnishes in the old age, partic larly for high frequencies.
The agei ng process produces systematic changes in each of the
two critical dinensions of hearing inpairnent- loss in the
threshold sensitivity and loss in the ability to understand

supr at hreshol d speech.

Pure Tone Threshold: ZWAARDEMAKER (1899) was the first to in-

vestigate this hearing acuity quantitatively in the elderly and
he noticed that high frequency thresholds dimnished with the

i ncreasing age of the patient and this process starts as early
as the second or third decade of human life. BENZOLD (1894)
STRUYKEN( 1913), Cl COCCQ(1932) and SCHOBER(1952) have confirnmed
above findings. In 1929, BONCH used the el ectronic audi oneter
first time to determne the threshold for pure-tones in aged
peopl e.

Quantitative data for the pure tone threshold in different
age groups have been collected by many investigators (KELLEY
1939; FOALER & FOALER 1936; BEASLY 1940; STEI NBERG MONTGOMERY,
& GARDNER 1940; JOHAN3EN 1943; LEISTI 1949; GLORI G SUMVERFI EI D
AND NI XON 1950; WEBSTER, HI MES & LI CHTENSTEI N 1950; SATALOFF &
MENTDUKE 1957; PI ALOUX 1958; CORGO 1960; GLORI G & NI XON 1960;

HI NCHEUFFE 1959; JATHO & HECK 1959; GLORI G | 960; GCETZI NGER,
PROUD, DI RKS & EMERY 1961; SKLAR & EDWARDS 1962; KLOTZ &
KTLBANE 1962; CROSO 1963, MLLER & ORT, 1965; SATALOFF, VASALLO &
MENDUKE 1965). But it is necessary to realize that this is
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certainly incorrect. Presbycusis is a theoretical entity which
could be defined as the hearing loss that results fromthe aging
process. Unfortunately the aging of the individual is acconpanied
by a nunber of factors, such as exposures to noise, ear diseases,
durgs taken etc. that in their turn can contribute to the hearing

| oss of aging patient, in addition to aging al one.

Later research served to provide further support concerning
the influence of age on hearing; and also to provide docunen-
tation regarding the effect of sex on the progressive |oss of
acuity in the aged . The pure tone threshold results obtained in
the National Health Survey (1962) in USA, denonstrated,

(a) an initial deterioration in hearing sensitivity to occur
relatively early in life, wth measurable changes observed in
early adul t hood;

(b) the males to experience sensitivity decrements at an earlier
age than the ferales, with relatively large differences in

t hreshol ds occuring between the sexes by the third decade of
[ife and :

(c) the hearing loss to be nmore pronounced in higher frequencies
RAI FORD( 1931), Cl OCCO(1932) JOHANSEN(1943)m SATALOFF & MENDUKE
(1957) HI NCHCLI FF(1959), JATHO & HECK(1959) CORSO (1959 & 1963)

M LLER & ORT (1965) reported a definitely poorer hearing in men
than in women, especially at higher frequencies for the age groups
of 40 years and above. But FOALER & FOWL.SR(1936); KIOTZ &
KILBANE (1962); LEISTI(1949) PESTALOZZA & SHORE (1955) GOETZI NGER
et al (1961) found no significant difference between hearing

threshold of men and women at ol d age.
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It is generally accepted that preshycusis is sensory
neural hearing |oss; but recent studies (PESTALOZZA & SHORE
1957; JATHO & HECK 1859; G.ORI G & DAVI S 1961; ROSEN et al
(1964, 1965) N XON et al (1962) have shown ahair-bone gap in
aged people and attributed that to conductive conponent i.e.

m ddl e ear changes due to ageing.

Speech Di scrim nation: It is a well known clinical fact that

in presbycusis the intelligibility of speech is seriously

af fected and speech discrinmnation in the aged is frequently
much poorer than is suggested either by pure tone audionetery
or by speedh reception threshold (CAWIHORNE 1951, KON G 1957;
SATALOFF & MEADUKE 1957, KOLTZ & KILBANE 1962) .

According to BOCCA (1958) discrimnation difficulties
of the aged are mainly of a cortical nature. CALVI & FI NZI

(1957) explain the poor discrimnation as a dimnished
integrative capacity of the aged. The reduced ability to hear
and to repeat common words at all supra-threshold |evel sa

as found in the aged was nanmed " Phoneni c Regression " by
GAETH( 1946) .

PESTALOZZA & SHORE(1955) described how the discrim -
nati on becones poorer as the hearing |oss becones greater. The
di scrim nati on was found i ndependent of the shape of the
audi ogram  However, for spondees the hearing | oss was small er
when the audi ogram showed a steep slope instead of a fl at

sl opi ng curve.
HUl ZI NG & REYNTJES(1952) and HI RSCH, PALVA & GOODVAN

(1954) found a low discrimnation score usually together with

recrui tment. PESTALOZZA & SHORE (1955) and VAN DER WAAL(1962)
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however found in preshyjcusis poor discrimnation conbined

with the absence of recruitnment.

Time Factor & Speech Discrimnation: According to FOURN ER(1954)

t he reduced speech perception in aged persons is partly due to a
 engthening of the time required by the higher hearing centers

including the cortex, to identify the message.

BORDLY & HASKI S(1955); FINZI (1956) CALEARO & LAZZARONI -
(1957) DEQUI RAS(1964); STICHT & GRAY(1969); SCHXX (1970) and
JERGER( 1973 KONKLE, DEASLEY & BESS (1977) have denonstrated
that the aged find difficulty in the discrimnation of
time distorted speech. These studies have found that tine-
conpressed speech will create nore errors in aged when conpared
with the performance of young listeners with simlar hearing
acuity.

Studi es by WARREN (1961) WARREN & WARREN (1966) and
OBUSEK & WARREN (1973) have shown a gradual decline in the
nunber of verbal transfornotions which occur in ol der subjects.
WARREN( 1976) has suggested that the reduction may be attribu-

table to a reduced capacity for short-term storage of verbal

i nfornmati on.

Speci al Tests:

I n presbycusis the SISI score is quite unpredictable.
At frequencies below 1000 Hz it is invariably low Above

1000 Hz , however, the score can go to O to 100 % .
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Usual ly in Presbycusis, there will be no recruitnent

or partial recruitnment and in very rare conditions we can see
conplete recruitnent. ( DE BRU NEALTES 1946, 1949; JERGER 1952;
MEURMAN 1953; SCHUKNECHT 1955- GOETZI NGSR et al 1961)

There is no appreci able tone decay in presbycusis
pati ent (JERGER 1960; GOETZI KGER et al 1961; H NCHCLI FFE 1962
ROSEN et al 1964).

KONl G (1957) and ROSS et al (1965) have shown that

pitch discrimnation abilities also deteriorate in the

aged person. At the age of 70 the difference linen for
frequencies is 2 to 3 times the value found at the age

of 25. But KDNI ((1957) has reported that the sensitivity
to frequency differences increases with the sensation |eve
up till about 40 dB above threshold This neans that the
loss in pitch discrimnation with increasing age may be
made due to the increased threshold of audibility and

not to the aging process.

MATZKER & SPRI NGBORK(1958, 1959) reported that the
ability to localize a phantom source decreased steadily

after at age of 30.

The " binaural test " is based on binaural fusion of

filtered speech. By using this test, the binaural integration

of filtered speech was found to deteriorate with increasing

age (MATZKER 1957, 1959).
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| npedence Audi onetery:

There has been sone controversy as to whether different
normative inpedence val ues should be used with elderly
(JERGER et al 1972; ALBERTI & KRI STEN3EN 1972; BEATTIE &
LEAMY 1975; THWPSON, SILLS & BU 1976; BLOOD & GREENBERG 1977
NERBONNE, BLISS & SCHOW 1977).

Static conpliance changes as a function of age in adults
(JERGER et al 1972; HALL 1979). Acoustic reflex thresholds
al so affected by aging (HANDLER & MARGOLI S 1977, JERCER et a
1978). Age differentially affects thresholds for noise Vs
tone signals. As aresult of the effect of age on the NTID
the accuracy of hearing prediction nmethods based on the NTD,
such as the SPAR technique, tends to dimnish as a function
of age. The effect of age seens to be greatest for pure tone
reflex thresholds. Here ART decreases as the increasing age.
HANDLER & MARGOLI' S (1977) found no evidence of decreased
reflex threshold to ruretone signal in aged. According to him
noi se reflex thresholds are relatively constant with age.
THWSON, SILLS & BU 1976 found no significant difference

from younger subjects.



CHAPTER 5

AUDI .04 C ASSESSMENT O ACED

In order to diagnose and treat hearing di sorders
properly inthe aged, it is advisable to seek the services
of an otol ogi st and an audi ol ogi st. An otol ogi st needs
much information besides that obtained from a physi cal
exam nation. The results of audiologic assessnent are
i nval uabl e in diagnosis. This chapter describes methods
and tests used by audi ol ogi sts in assessing hearing dis-

orders in aged peopl e.

Factors Essential for Better Assessnent: -

The gathering of valid diagnostic data by an audi o-
| ogi st is of paranmount inportance. The accumul ation of
objective data, as with tynpanonetry, reflexonmetry, or with
evoked response audi onetry requires essentially technical
conpetence with the equipnment, with the data processing
and with the interpretation of findings. The gathering of
subj ective information, a high interaction, and a co-opera-
tion between the patient and the audi ol ogi st requires
artistry and enpathy in addition to technical skill on the
part of the audiologist. The ultinmate effectiveness of
skilled diagnostic audiologists result fromtheir abilities
to obtain reliable volitional information from problem

popul ations as well as ideal-type clients.
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The actual neasures enployed with the aged person may
not differ greatly fromthose used w th younger persons,
but certain nodifications may be necessary. Aging persons
often present special problens intesting. D fficulties often
can be circunvented, however, by providing the elderly
client with clear, brief, carefully worded instructions at the

outset. The goal is to mnimze confusion and apprehensi on.

The general responsiveness of the ol der person shoul d
be continually nonitored during the assessnent. Fatigue
can contamnate test results but nust be counter bal anced
against reticence to travel to and fromthe clinical facility.
Certain short outs may be necessary for sone aspect of
testing. The philosophy in such cases nmay be best descri bed
as one of the cal cul ated expedi ency, where sone neasures
are deliberately shortended in order to allowgreater tine
for tests with higher validity. |npedence and acoustic re-
fl ex nmeasures may repl ace bone conduction testing or masking.
Tradi tional procedures for determning the SRT nay be
abbreviated. Such changes in conventional operating pro-
cedure nust be cal cul ated ones, reflecting a mnimal |oss
in either the reliability or validity of the assessnent
battery-which is highly inportant, since, "the audi ol ogic
test qualifies and quantifies the handicap. It is an
essential intervention® (MAURER & RUPP 1976).

SI MONTON (1965) proposes further a set of specific
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gui des to the audi ol ogi st when assessing ol der clients:

1. Tonal presentations need to be | engthened (5 sec)

2. Use of frequency - warbled tones so that the |listener can

seperate the signal fromthe head noi se.

3. Time between tonal presentations may be increased

4. Live voice presentations of speech neterial is preferred.

5. Famliarization of spondee words is essential, prior to
determning the SRT.

6. If the patient can not handl ed standard phonetically
bal anced words |ists, alternative |ists shoul d be
avai | abl e.

7. Half-list presentations of phonetically balanced |isted
may be acceptable. Try to avoid carrier phrases, which
of ten confuse ol der persons and;

8. Possible collapse of the external ear canal under head
phone pressure should be considered with each elderly

client.

RECGER (1965) gave classical adnonitions for clinica

di agnosi c ef fectiveness: viz.,

Mai ntain wel | calibrated equi prent,

Test in a quite environnent with | ow anbi ent noi se | evel s,

1

2

3. Enpl oy appropriate maski ng procedures,

4. Ensure that head phones, oscillators, and sound-field

pl acenents are opti nmal,
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5. Maintain a physical environnent nost conductive to
patient's conforts,

6. Consider age intelligence and reaction tinme of the
pati ent and nodi fy the tasks accordingly,

7. Consider further the physiologic condition and nent al
attitude of patient,

8. Be aware of the relative conplexity of the assigned
listening task for the client,

9. Be careful to give instructions for patients response
clearly and briefly and;

10. Be aware that conpl ex recording nethods will require care-

ful interpretation.

Case H story: - This is prelimnary step in audiol ogic

assessnent. It is necessary to gather relevant infornation

The follow ng informati on can be obtai ned through the case

hi story interview

a) Reasons for having a hearing assessnent,

b) Synptons or conpliants associated with hearing di sorder, and
c) previous nedical, occupational, rehabilitative and famly

history related to hearing.

Sone-tines ol der patients will discuss extraneous
aspects of their nedical history at length. It is often a
challenge to use the wite blend of patience and tact to
nove the interviewforward. HARD K (1977) stressed the



need to express a genuine interest in the elderly person,
about their hearing problemand it's effects. Wen an

ol d person can not give the infornation what an audi ol ogi st
needs or the given infornmation is not reliable; then he
should try to collect the information fromfamly nmenbers

or fromany other source which is relevant to the person.

Sel f-Eval uati on of Hearing Handi cap: - A formal quantifica-

tion of the handicap or difficulty inposed by the hearing

| npai rment can be obtained by using this nethod. Eventhough
a variety of handicap scal es have been deviced for this

pur pose, the nost popul ar one and the one used for elders

I s the hearing handi cap scale (HHS), which was devel oped
by H gh, Fairbanks, and Qorig (1964). This nethod nmay be
used infornally to alert persons to a need for clinical
auditory testing. This nethod can serve to informthe
presbycusi s patient that his probl emneed not be ignored

and that help is available to himbeginning with a ful
audi ol ogi ¢ assessnent. Use of this nethod with a relative
or friend of the aged person will provide additional infor-

mati on concerning the patient's hearing handi cap.

Audi oneteric Testing of the Aged Pure Tone Audionetery: -

Pure Tone Audionetery:- Here the auditory stimuli is pro-

duced by an electronic instrunent called "Audioneter". The

auditory stimuli nmay be delivered to ear through a set of



60

ear phones. This type of examnation is referred to as

an "air conduction pure tone test"”, since the signal passes
by air vibration through the ear canal and into the mddle
ear. Sounds may al so delivered via a bone conduction (BC

vibrator, which is generally placed on the nmastoi d process

of tenporal bone.

Through t he audi oneter, individual test tones of
f requenci es (250, 500, 1000, 2000, 4000, 6000, 8000) are
presented at various intensities (0-110 db) to determ ne
the "absol ute threshol d* (Lowest intensity at which the
patient is able to hear the test tone). An audi ogram has
two inportant paraneters (a) intensity in dB on Y-axis
and (b) frequency of test tone in Hertz or CPS on X-axi s,
using pure tone average (average of 500, 1000 and 2000 Hz)
audi ol ogi st can find out the degree of hearing | oss. The
Aneri can Acadeny of Qoht hal nol ogy and ot ol ar yngol ogy

(1965) has given the scal e of hearing inpairnment.

Degree of Hearing | oss - Hearing |eve
Nor nal 26 dBHL

9 i ght 27-40 dBHL
mld 41-55 dBHL
noder at e 56- 70 dBHL
severe 71-90 dBHL

Pr of ound 91 dBHL
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The threshol ds fromairconducti on and bone conduction
pure tone testing may be conpared to obtained information
about the site of difficulty with-in the auditory system

(Conductive; m xed, or sensory neural hearing | oss).

Pure tone testing by air aid bone conduction can be perfor
med on aged patient w thout special nodifications. HJUL and
TRAYNCR (1975) ZUKER and WLLIAVS (1977) suggested t hat
col | apsed ear canals may occur in the aged due to earphone
pressure on the soft tissue of the pinna. If B.C threshol ds
are better than A.C. thresholds, this possibility shoul d be

consi der ed.

REES & BOTWN CK (1971) and BOTWN CK (1973) noted t hat,
gi ven actual hearing function of equal |evels, the ol der
patient tend to show poorer threshol ds than younger subjects
becuase of a conservative response criterium This is
thought to be true for all sensory threshol ds because of
caution by the older patients in responding at, |evels
softer than these wh*re the stimulus is clearly present.
Despite the need for caution in the interpretation of pure-
tone findings fromthe elderly, this tendency does nmake
ol der patients very consistant, reliable responders. Hence
they are often relatively easy to test. However, sone ol der
subj ects have unusualy long reaction tines which slow down

the test procedure (WLLEFCRD 1971). Testing can be a very
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difficult process with patients having neurol ogi c di sorders,
or extreme senility or with many who are enotionally depre-
ssed. Abbreviated testing is appropriate in nost of these
cases. A.C thresholds at 500, 1000, 2000, and 4000 Hz,

along with inpedance results wll usually answer the sane
guestions as conplete air conduction and bone conduction find-
ings, and, in a nonsound-treated environnment, wll provide
nore accurate results (TRAYMR and HULL 1976). Wth these
patients it may be necessary to divide the testing tine,

obtaining threshold in tw to three sessions.

Speech Audi onetery:-  The processing of speech information is

the nost inportant task of auditory system The audi ol ogi st
enpl oys testing referred to as speech audi onetery to assess
the effect of hearing | oss on a persons ability to hear and
under stand speech. Speech audionetery is nade up of severa
types the tests which are admnistered at controlled inten-
sity levels through a clinical audioneter. Recorded speech

neterial or 'live Voice' presentation may be used.

The first type of test is the "Speech Recepti on Thresh-
old*. Two syllable (Spondee) words are presented, and |is-
t ener nust repeat back what he hears. The audiol ogist gra-
dual |y decreases the sound intensity and the softest |eve
where the |istener can repeat back approxi mately 50% of
words is considered the SRT. The results of this test often

agree with the pure tone average. The SRT scale is simlar
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to that used for pure tone threshol ds.

The second test used in speech audionetery is "Speech
Discrimnation". Here alist of single syllable words is pre-
sented at a confortable level (SR + 40 dB). After presenta-
tion of the list the percentage of words correctly repeated
by the listener is calculated. Scores of 90%and above are
generally found in cases of nornal hearing and conductive
| oss. I n sensory neural hearing | oss, discrimnation scores

will tend to be | ower.

Routine procedures in S R T. and speech discrimnation
testing may be used with nost elderly patients, but recorded
speech neterials may lead to difficulty to the aged because
of slowreaction tines. Live voice presentation allows
enough tinme for a slowresponse and therefore it is pre-
ferable in sone cases. Several investigators have studied
t he speech di scrimnation performance of aged persons and
have found reduced discrimnation scores in groups of ol der
persons. This decrease in scores may be a function of age
as well as sensory-neural hearing | oss. Perfornmance of
aged people on filtered or distorted speech tests are not
only poorer than that seen in younger subjects, but also
show a decrenent of greater nmagnitude when conpared to

scores on undi storted tests.

| npedence Audi onetery:- Here, the audiologist place a snall

probe tule at the entrance to the ear canal. A constant
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tone (220 Hz at 85 dB SPL) is sent into the ear cana

t hrough probe and the amount of reflected energy is
nmeasured. Wen a great deal of sound is reflected back,
this indicates a high inpedence of mddle ear, which is
possi bly associated with the presence of fluid or oto-
sclerosis. Wen a great anount of sound is absorbed and
little reflected, this indicates unusually | ow inpedance,
which is possibly due to dislocation of ossicular chain

or the tynpani c nmenbrane perforation.

Tynpanonetery is one of the inpedance procedures. In
this test, pressure changes (-200 mrm HO to 200 nm H,0)
are created within the sealed ear canal, to determ ne
effect of pressure changes on inpedance as neasured at
the ear drum Usually inpedance is neasured in conpliance
units (C.CS). The tynpano neteric curves nmay be cl assi -
fied as type AA B, C, As and Ad and they nay be descri bed
Interns of pressure, conpliance and shape. This inforna-
tion provides val uabl e diagnostic data, especially in
determning the status of the mddle ear. Type 'A
t ynpanogram show a hi gh peak in conpliance at or near
0 mm H,O of pressure. These tracings can be seen in
normal s and sensory neural hearing | oss patients. Type
"B curves showa relatively flat pattern across the
pressure range, and is frequently seen in cases of mddle
ear fluid patients, perforation, hard ear wax obstruction
or other conditions that nake the ear drumimmobile wth

changes in ear canal pressure. Type 'C patterns show
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a high conpliance peak at a negative pressure and seen in
cases of Eustachian tube mal function and in begi nning and
resolving otitis nmedia. Type 'As' curves show a very | ow
conpliance peak at or near '0' mm of pressure and it is
seen in cases of otosclerosis and ossicular chain fixation.
Type 'Ad'" tracings are discontinued curves, which never
make a peak and seen in cases of ossicular chain discon-
tinuity. The difference between the highest and | owest
point on a tynpanogramis ternmed the "absol ute conpliance”
The normal range for this value is from0.39 c.c. to 1.3
c.c. (JERGER JERCGER and MAULDI N 1972)

Anot her inportant inpedance procedure is the neasure-
ment of the acoustic reflex. Here the anount of conpli -
ance changes due to stepedius nuscle reflex in response to
a loud sound presented either ipsilaterally or contrul a-
terally. The lowest intensity which is enough to elicit
Stepedial reflex is termed as "Acoustic Reflex Threshol d".
"Acoustic Reflex Decay" is another variation of inpedance
procedure in which the strength of the nuscle response is
nmeasured over a 10 second period. Rapid decay ( 50% is
a diagnostic sign of a tunmor of the Vi1l cranial nerve.
The adequacy of Eustachi an tube function can al so be tested

t hrough i npedence audi onetery.

The use of inpedance testing is valuable with the

elderly, not only as an additional test but also as an
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alternative to routine bone conduction testing. An infor-
mal otoscopy is an inportant prelimnary to put the probe
inthe ear canal. |If ear was is extensive and near the
entrance to the ear canal it canclog the probe. It is
difficult toget air tight seal, in aged people with the
unusual |y large pinnae. The use of glycerin or Vaseline
or silicone putly as a coating on the outside of the
proble tips has generally produced the desired sea

(PURVI S 1974; HULL & TRAYNCR 1975} .

Speci al Test Battery:-

Usual ly,it is possible to determne whether the hear-
ing loss is conductive or sensorineural fromthe results of
pure tone audionetery. Speech audi onetery and tynpanonetery
can be used to confirmthese results. |In certain cases, it
is desirable to knowwhet her the hearing loss is due to
cochl ear lesion, neural |esion, brainstemlesions, cortical

| esi ons or of non-organic origin.

Conventional Four-Test Battery:- Audiologist may use Sl Sl,

Bekesy, |oudness bal ance and tone decay tests in a diagnostic

test battery to isolate sensory and neural disorders.

The SISl test requires the patient to detect a snall
increment in the | oudness of a steady tone. An increnent
of 1 dBis presented 20 tinmes at 20 dBSL and the subj ect
recei ves a percentage score depending on the nunber of

I ncrenents he det ects.



In tone decay testing the patient is required to listen
to a continuous tone at his threshold to determne if he can
hear it for atotal of 60 seconds. |If the tone fades, the
level is increased until he is able to performthe task. The
decay is the difference between the threshold and the inten-
sity level at which the patient could hear it for full 60
seconds. There are several nethods of adm nistering tone

decay test, given by several investigators.

Wth Bekesy audionetery, the patient is asked to use
an automatic audioneter to trace his hearing threshold for
continuous and interrupted tones. The relationship between
these two tracings is usedto classify the findings in-to
one of five types depending upon normaly and | esion

in the auditory system

If the patient has unilateral hearing | ess (one nornal
ear), alternate binaural |oudness bal ance (ABLB) may be
admnistered. A supra threshold tone is presented to the
good ear. Another tone is delivered to the inpaired ear,
and the patient is asked to adjust it's intensity until
the signal is equal in loudness to the tone in the good
ear. The | oudness perception of the tone in the noninpaired
ear is assunmed to be nornmal. |If the |oudness natch occurs at
about the sanme intensity levels rather than the sane |evel
above the threshold, then there is an abnornal |y rapid increase
Inloudness for the inpaired ear. This indicates that

"recruitment” is present. Avariation of this procedure,
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“Monaur al | oudness bal ance” (M.B) invol ves a | oudness nmat ch
bet ween two frequencies in the same ear. Recruitnment can

be neasured or suspected using acoustic reflex test.

Results fromthis battery of four tests are often
used to pinpoint the lesion. |In conductive |oss cases,
there will be low SISl scores (0-20%; no or little tone

decay ( <10dB), type | Bekesy tracings and no recruitnent.

If the damage is located in cochlea high SISl scores
(60-100% ; noderate (< 30 dB) tone decay, or no tone decay,
type Il Bekesy tracings; and conplete recruitnent will be
seen an ABLB or MLB. In MII cranial nerve |esions we can
observe, low SISl scores (0-20% [ But sone time there
may be high SISl scores due to rapid tone decay. This is
an artifact, not real score ] rapid high tone decay ( >30
dB); type Ill or IV Bekesy tracings and no recruitmnent.

The expected results do not al ways energe on each of these
tests, but atrend is usually evident anong the najority of
the test findings. A ong with puretone, speech and inpedance
tests, these tests will contribute to differentia

di agnosi s.

Functional Test Bettery:- |If the audiol ogi st suspects

that the patient does not have an organic hearing | oss,
there are several tests to identify functional hearing

| oss cases.
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Usi ng case history, source of refferral; purpose of
audi ol ogi ¢ check up; and behavi our during case history
| i ke exaggerated attenpt to lip read, wll nmake us to sus-
pect the case. Half word responses during speech audi oneter
and di screpency between pure tone éQerage and speech recep-
tion threshold (nore then +, 7 dB), nake an audiologist to

suspect functional hearing | oss.

Lonmbord test, which is also known as voi ce refl ex
test can be used to detect functional hearing | oss. Here
the noise is introduced into normal ear while reading a
passage. |If that is nornmal ear, then the patient increases
the | oudness of his voice, if he has real hearing | oss, then

thi s voi ce change can not be observed.

In case of a symmetrical hearing loss ( 20 dB),
audi ol ogi st can use Stenger Test; to determne the
accuracy of patient's responses. Wth this test a tone
or speech signal is presented to both ears, but patient
will only be able to perceive it inthe ear inwhich it
Is loudest. |If the patient is not honestly reporting what
he hears, this will produce in consistences in the test

results.

In the del ayed auditory feedback (DAF) test, the
patient is asked to tap a pattern or read a paragraph.
Wiile he is doing this a slight delay is introduced in
what he hears. This nonitoring of the signal presantedvia

earphones is at a level below his admtted threshold. If
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he can hear the del ayed sound, it will interfere with his
performance and either the pattern will be disrupted or

the reading rate will be reduced.

I n the gal vani c skin response (GSR) test, an equi prent
I's used, whi ch al l ows a neasurenent of skin resis-
tance and sinultaneously presents a slight shock to sone
| ocation on the body. Patients are conditioned to expect
a shock when they hear certain sounds and then these sounds
are presented at lowlevel and increased until an antici-
patory, enotional response is observed through a change ir
skin resistance. |t can be assunmed that the patient heard

t he sound when such responses occurs.

A type V Bekesy tracing or certain types of inpedance

(reflex) results al so pinpoint a functional | oss.

Central Test Battery: This test battery is used to test

central auditory disorders. The tests inthis test battery
are as foll ows:
a) performance - Intensity function for phonetically
bal anced words (PI-PB function) - JERGER and JERCGER
(1971).

b) Filtered speech Test - Bocca et al (1954)

c) Staggered Spondic Wrd Test - KATZ (1962).

d) Synthetic sentence ldentification Test with contra-
| ateral conpeting massage and/or |psilateral conpeting
nessage - JERGER and Speaks (1965) & JERGER (1973).
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e) Tenporal |y D storted Speech Test.

f) Masking level difference (ML.D

g) Evoked Response Audi onetery

h) Brain stem evoked response audi onetery.
1) Auditory skills test Battery (ASTB)

This is a 15 part conprehensive assessnent protoch
that evaluates auditory processing abilities in four

maj or areas Vi z;

1. Selective attention for speech in three kinds of noise

2. Auditory discrimnationwith a plotting of a "sound
confusi on inventory".

3. Auditory nenory with special enphasis on recognition,
content, and sequenci ng; and

4. Sound-synbol relation-ships with assessnments of sound
m m cry, sound recognition, sound anal ysis, sound

bl endi ng, associ ati on readi ng and spel ling.

Thi s ASTB has™deve | oped by GOLDVAN , FRI STCE, and
WOCDOOCK (1974) and they al so devel oped norns for popu-

| ati ons who are aged between 3 and 80 years.

An audi ol ogi st need several kinds of infornation
to assess hearing |l oss in the aged people and to nmake
meani ngful recommendations. This will include non-audio-
neteric and audi oneteric procedures as well as nedical
and neurol ogi cal examnati on. These results are used to

determine if the hearing | oss can be nedically or audi ol o-
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gically renediated. |If the |oss does not involve activwy
pat hol ogy and is sinply a consequence of aging, very little
can be done nedically. In considering the aural rehabili -
tation, it nust be renenbered that there is a conplex rel a-
tion between the results of audioneteric findings and the
effect of these hearing problens on a persons communi ca-
tive ability. This nmust be considered if good nanagenent is

OoCccur.

The need for rehabilitation and various comruni cati on m
needs of a hearing inpaired old people are assessed by using

the case history, and self eval uation tools.

Pure tone audionmeteric findings will indicate the fre-
qguenci es where there is hearing | oss. Aging tends to cause
aloss in high frequencies at first, but later extends to | ow
frequencies. An audiogramw || showthe degree of hearing
| oss and type of hearing | oss (conductive m xed, sensory
neural). Wth age there will be a sl ow steady progression
in hearing inpairment. The greater the degree of |oss

the greater will be the need for renediation.

Speech audi oneteric nmneasures can be used along with
the pure tone findings to analyze the effect of hearing
| oss on the reception of coversation. Useful information
inthisregard is the S RT. and pure tone average. It
may be assumed that as the S.R T. approaches 45 dB, there

will be corresponding difficulty with normal conversati on.
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The aged nmay have even 40 to 45 dB of | oss and may not
admt handicap, if conpensation is made by persons tal k-
ing louder or if the subjects have mninmal social inter-

action.

When considering the every day influence of hearing
| oss, speech discrimna tion scores nmust be carefully
interpreted since in the routine examnation these scores
represent the clarity of a persons hearing when he is list-
ening at a confortable listening |evel rather than at a
normal conversational |evel. Another inportant factor in
anal yzi ng speech discrimnation findings for the elderly
patient is the relative inportance of vowels and consonants
i n under standi ng speech stimuli. The vowels in speech are
general |y louder than consonants and thus easier to hear.
Also the vowel s tend to be | ow pitched sounds, while many;
consonants are higher in frequency. For aged peopl e hearing
is better inthe |lowfrequencies than in high frequencies.

Thus they hear the vowels better than consonants.



CHAPTER 6

Aural Rehabilitation of Aged

Medical Treatnent: If it is true that the presbycusis is

caused, by the loss of neural elenents and possibly by the
destruction of epithelial elenents in the organ of Corti,
then the nedical treatnent is highly questionable.

SCHUKNECHT (1955), VON SCHULTHESS (1961) doubt the possi -
bility of a regeneration or replacenent of such highly differen-
tiated cells. On the other hand the amazi ng i nprovenent in
bone conduction, that can be found in Menier's disease, is
just unexpl ained as a dranatic therapeutic success of any drug
woul d be in the treatnent of presbycusis.

Four main groups of drugs have been w dely used for
the treatment of presbycusis.

1. Hornones, 2. Vasodil ative drugs, 3. Lipoproteinolytic
drugs, and 4. Vitam ns.

Hor nones: - ALFQLDY (1936) described hearing inprovenent in
old patients after intravenous adm ni stration of hyprophysis
hor nones. KOCH (1937, 1947); HOFER (1956); KROATH (1958);
BOG\ER (1954) and WESTON (1964) used sex hornones on pres-
bycusis patients and found a favourable effect on the hearing
and a di sappearance of the tinnitus. SCHURVANN (1944) adm -
ni stered fenal e hornmones to wonen between 40 and 61 years

old and round no hearing inprovenent. ZAJICEK (1938),

MENZEL (1942) and HOFER (1956) applied a speci al hornona

oi ntrrent and found hearing inprovenent in all kinds of deaf-
ness. There was 0 to 30 dB i nprovenent and definite reduction

or disappearance of tinnitis, after hornonal therapy.



However, this area requires further investigations,

as the results have been very nmuch unequi vocal .

Vasodi |l ative Drugs:- Ncotinic acid and its derivatives

cause peripheral vasodilatati on and reduce the concentra-
tion of blood lipids. 1In presbycusis cases it dilates
cochl ear and cerebral blood vessels. FERRAR (1955),
WEDER AND M SSWKA (1959) found a tenporary i nprovenent

in hearing of presbycusis patients after the admnistration
of nicotinic acid. The effect of hyderyin, as a synpathi-
colytic drug on hearing and tinnitis in old people

(TANNER, 1955), is ascribed, to the vasodilative action

of this drug.

Li poprotei nol ytic Drugs: Tnese drugs have sonething to

do with arteriosclerosis and are al so used for the treatnent
of presbycusis. MAYQUX et al. (1955) used 'heparin' wth
presbycusis patients and found an audi onetric i nprovenent
in 25%of cases. In 45%of cases tinnitus and vertigo

di sappeared. But BOUCHE (1956) says this drug is nore
useful to treat tinnits and vertigo than for hearing.

GALLI DELIA LOG3 A (1956); CERR & MARCUCC (1957); and
BREU (1956) support BOUCHE S statenent. DEL GUD CE &
AMORELLI (1960) believed that these drugs hel ps in del ayi ng

t he onset of presbycusis.

Vitamns:- QOVELL (1940) studied the role of vitamns
in deafness. Vitamn 'A deficient animal s showed a

degeneration of cells in the stria vascularis and parts of the



organ of Corti with slight to noderate denyelinisation of
the cochlear nerve. Vitamn 'B deficient aninals showed
degenerative changes in the external hair cells and of the
cochl ear nerve. The data available indicated that the

cochl ear nerve is the cranial nerve which is nost vul nerabl e
to lack of vitamn "B . Mitamn 'C deficiency was found
associated with swollen and partly degenerated cells in
organ of Corti. Mtamn 'D deficiency was associ at ed

wi th denyelinisation of the cochl ear nerve. An increased

i ncidence of mddle ear infections was found in all vitamn

deficient ani nal s.

LOBEL (1949 & 1951); ANDERSQN, ZOLLER & ALEXANDER
(1950); BAU & SAVI TT (1951); BARCN (1951); NAGER (1952);
RUEDI (1954); ESCHER & RUPP (1953);: STOPPLER (1956); FLEI SHER
& KNOBLOCH (1957); and WEDER & M SbURA (1959) found vitamn "A
to be useful in prebycusis treatnent. They found i nprovenent
froml1l2 to 46%of the patients. PERLNMAN (1949); W LLEVMSENS
& HULK (1960) and WARD & GLCRI G (1960) found no hearing
I nprovenent in presbycusis patients treated with high

doses of vitam ns.

Audi ol ogi cal Managenent

Traditionally, aural rehabilitation has been consi dered
to be consisting of hearing aid evaluation and orientation,
counsel ling for client and famly, auditory training,
speech readi ng and speech conservati on (NEVBY, 1972). It

is any effort nade to rehabilitate the hearing inpaired
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t hr ough non-nedi cal procedures. RASSI & HARFORD (1968);
NORTHERN & SANDERS (1972); OYER, FREEMAN, HARDI C, DI XON,
DONNELLY, GOLDSTEIN, LLOYD and MJUSSEN (1976) observe

that traditional aural rehabilitation has not been popu-
larly received by the adult hearing inpaired. ALPINER
(1973) felt that aged hearing clients do not have notivation
to get rehabilitated and nost of the tine it is not
successful. But there is sone evidence to indicate that

aural rehabilitation can be successful (NORTHER\ O LI KK
ROTH & JOHNSON, 1969; ESERSTEN, 1974; BINNIE, 1976).

The inportance of aural rehabilitation is under-
scored by the fact that there are so many hearing-inpaired
persons needing rehabilitation. Wen conpared to persons
with other difficulties, the hard-of-hearing person is
grossly neglected. Failure to recognize and rehabilitate
peopl e with hearing inpairnment nay have serious consequences
besi des the denoralizing effects (YAR NGTQ\, 1976) .

KAY, BEAM SON & ROTH (1964) found a substantial proportion
of elderly psychiatric patients di agnosed as Schi zophrenics

of late onset had a severe auditory deficit.

It is apparent, that hearing | oss nay have devastati ng
effects, inthe elderly. |[If nmedical nanagenent is not
indicated for correcting the disability, then aural reha-
bilitation is needed. Several forns of a total adult
aural rehabilitation program havebeen suggested recently
(SANDERS, 1971; NORTHERN, 1972; RCSS, 1972; ARA, 1973,

O NEILL & OYER, 1973; A S H A 1974; OYER & FRANKVANN, 1975;



BINNLE, 1976; and OYER & HODGSON, 1977). All of these pro-
grans suggest a broadly based approach to aural rehabilitation,
and nost include the follow ng areas after prelimnary

heari ng assessnent aspects are conpl et ed:

Hearing aid eval uation

Hearing aid Orientation

Counseling of client and famly

Communi cation rehabilitation including auditory
trai ning and speech readi ng.

5. Conprehensive planning for enotional, social,
and vocational adj ustnent.

B w e

Hearing Ald Evaluation:- It is a nost inportant step in aura

rehabilitation, to determne, if a hearing aid can be used
by the patient. The nost appropriate aid is selected if
anplification is indicated. The need for a hearing aid eva-

| uati on can be determned by a thorough audi ol ogi c assessnent.

HCDGSON (1979) has suggested a cursory gui deline which
outlines when individuals should be referred for hearing aid
evaluation. It is based on the pure tone average and speech
reception threshold, in better ear. There are exceptions
tothis guide, as in the case of persons with unilatera
| oss or for those with unusual audi ograns, who nay need
hearing aids. The self-evaluation of hearing through a scale
provi des a hel pful guideline regarding the need for rehabi -

litative help (HG, FA RBANKS, & ARG 1964).

Wien a hearing aid evaluation is undertaken, a nunber

of approaches may be used. The nost popul ar nethod is the



Carhart's nethod (1946). In this procedure, the subject

is clinically tested in several conditions, both wth and
without anplification. Qher procedures are (a) the use

of a master hearing aid (WASSQN, 1963); (b) Prescription
procedure (BERGEER 1976); and referral to a hearing aid
deal er for selection after audionetric assessnent and
counsel I i ng by an audi ol ogi st (RESN CK & BECKER, 1963).
RP.AG (1973); HE W (1975) and ASHA (1977) cited that
hearing aids are soneti nes di spensed to persons who do

not benefit fromusing these devices. This is particularly
serious in case of elderly persons where numerous probl ens
nmay energe in obtaining a good fit and in achieving an
adequate adjustnent to the aid. In case of elderly persons
audi ol ogi sts can provide very hel pful services before
and after an aid is provided. Through aural rehabilitation
prograns much can be done in hel ping the newuser in the
adj ustnent process. In addition to these potential problens,
there are many who have not obtained an aid but who shoul d.
One advant age of havi ng an audi ol ogi st performa hearing
aid evaluation is that if a hearing aid is not indicated*
then the person having hearing problemmay obtain help
through other forns of aural rehabilitation. These rehabi -
litation services are seldomprovided by hearing aid

deal ers (LIBBY, 1974). It may be noted that hearing aids
are not recommended for approximately 10-20%of hearing | oss
popul ati on (HOCPLE, 1960; and HARDI CK, 1977).



Thr ough audi ol ogi ¢ procedures decisions can be nade
as to whether or not a person can benefit froman aid;
what type of aid (ear |level or body) should be used; the
ear(s) for which the aid shoul d be used and specific
characteristics (such as frequency response, gain, MP.Q,
ear nold coupling, distortion) which the aid shoul d have.
Once a person obtains an aid, periodic hearing aid
re-eval uations, are recommended, to ascertain that optinal
hel p is being achieved from anplification (ALPINER 1975;
HODGSQN, 1977) .

Wiile hearing aid evaluation is conducted with all
age groups in nost clinics, but noteexclusively for elderly
(ALPINER 1973; BOMWAN, 1974; BLOOD & DANHAUER, 1976). The
elderly require a special consideration which may not be
required wi th younger patients (CANFIELD, 1973). RUPP,

H G3 NS & MAURER (1979) have devel oped a scale for predi-
cting the feasibility of hearing aid use with ol der indi-
viduals. This scale incorporates the follow ng factors:

magni tude of hearing | oss, self assessment scores; noti-
vation to hear better, adaptability, attitude towards hearing
ai ds, age, nmanual exterity, visual ability, financial
resources and famly support. Al these things play sone

part in predicting the prospects of success.

Anot her procedure designed for the use with the elderly
calls for the utilization of the sentence portion of "Wley
Lip Reading Test". DODDS and HARFORD (1968) use this test
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to allowfor visual input along with auditory input which
i's heard under two conditions, both with and w thout
anplification. In this way, sone elderly clients who do
very poorly on both aided and unai ded auditory discrim-
nation tests can be show to benefit froman aid. This
can serve as an encouragenent to patients who m ght
otherwise reject anplification. Sonetines with elderly,
the opposite problemis encountered. Most experts

agree that the person with presbycusis should get a
hearing aid before the time of intense need is upon

hi m (RUPP, MLAUCH.I N HARLESS & M KULAS, 1971). The old
person will probably be able to nake the adjustnent to
anplification better before he has an extrene | oss and
bef ore he reaches an advanced age. Thus, careful nonitoring
of the loss fromyear to year is indicated and in sone ,
cases an aid will be recommended for an elderly person

sooner than it would be tor a younger adult client.

The problemwi th the traditional hearing aid evaluatio
is that the procedure is too lengthy for sone el derly
subjects. OYER et al. (1976) have suggested that one
reason rehabilitation has not been successful with the
elderly is that they have becone di scouraged after enduring
the tediumof the usual hearing aid evaluation. HARD CK
(1977) uses a procedure in which a hearing aid is sel ected
in a series of shorter sessions over an extended period

of tine.



Heari ng aid Oientation and Gounsel |ing: -

After selection of an appropriate hearing aid, it
shoul d be obtained for use in atrial period. The new
user sonetinmes able to adjust quickly to anplification,
but quite often there is sone difficulty with a | onger coping
process. HARDI (K (1977) estimated that of all new hearing
aid users about 75%need only a brief introduction to the
benefits, limtations, and care of hearing aids. He cl ai ned,
anong the aged people, only a snaller percentage nake qui ck

adj ustnent and that nmany need extensive orientation .

The inportant conponents of a hearing aid orientation
and counsel | i ng sessi on shave been descri bed by SANDERS (1975
and HASTEN & WARREN (1977). They suggest inclusion of the

follow ng information: -

1. Introducing the hearing aid, including it's conponents

and controls.

2. Putting the aid on, and listening to anplification

3. caring for earnolds and batteries,

4. using the tel ephone, T.V., alarmcl ocks, and other
communi cat i on devi ces and,

5. checking the aid and getting it repaired.

I n counsel | i ng HASTEN & WARREN (1977) suggest: -
1. Describing the levels of hearing such as primtive,
warning and synbolic;

2. Explaining the audiologic findings,
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D scu-ssing the handi cappi ng aspects of hearing | oss
Describing the benefits and limtations of aids.

Anal yzing total comunicati on needs and;

SR L

Fi ndi ng sol utions for communi cation probl ens.

TANNAHI LL (1973) devel oped a hearing aid adj ust ment
program whi ch i ncor por at ed.

1. The gradual increasing inthe wearing tine;

2. using appropriate volume settings and

3. increasing speech discrimnation performance. A

spirit of conradery devel oped in the groups tried to

achieve their goals in this programthan individuals.

Through such a process, clients were hel ped to nake the
initial adjustnent to anplification while |learning and sharing
experiences in a group setting. This programhas al so

been applied with as few as four sessions through a conbi na-

tion of group and individual therapy.

The nost inportant factors in predicting success were
heal th, nental status, and | anguage function. Age, visual
i npai rnment notor di sturbances and personality were of |lim-
ted influence. According SMTH & FAY (1977) the extent of
auditory inpairment was al so a secondary factor in predict-
ing the success. They stated "Poor speech discrimnation

predi cted not hi ng, except the need for nuch training".

Communi cation Rehabilitation: -

Auditory trainin g and speech reading are usually the
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procedures that first come to mnd, when aural rehabilita-
tionis nentioned. Actually, bothterns are used to refer
to awide variety of techniques. To sone professionals,
auditory training includes the various activities dis-
cussed in the above paragraphs. To others it neans a
series of listening activities, and to others it sinply
nmeans | earning about t he dynamcs of conversational situa-

ti1ons.

Speech reading is a process of being visually alert

toall lip, facial, gestural and environnmental clues.

FLEM NG et al (1973) reported a varie ty of activities
of auditory training and/or speech reading to be included in
communi cation rehabilitation. These consists of teaching

and encouragi ng the patient to:

1. physically position hinself to maxi m ze |ighting,
reverberation and signal to noise factors.

2. Develop expertise in interacting wth conversational
patterns.

3. Maxim ze acoustic and lighting conditions in his usual
conversational | ocati ons.

4. Becone a better |istener by being nore interested and
attentive and,

5. Deal with the inpatient normal hearing conversational

partner.



LUNDBCORG LI NZANDER, ROSENHAMER LI NDSTRCM SVARD and
FRANSSON (1973) recommended a sel ectivex use of such comm
unication training. They also suggest that nore extensive
therapy is required in cases with nore extrene | oss, and
th at these procedures becone nore difficult to apply with
the aged. Wile communication aspects mnmay thus be applied
on a selective basis, they can also be nerged in a total

t her apy program

Several total rehabilitation prograns have been dis-
cribed for the elderly. HARD K (1977) described an aur al
rehabi litation programfor the aged. He feels that a progra

for the elderly should be: -

1. Adient centered to neet individual needs. This is can be
done through a combi nati on of individual and group
t her apy.

2. revolving around anplification and /or nodifying the

conmuni cati on envi ronment .

3. requiring the attendance of a relativelor friend to gain

admttance to the group.

4. short-term involving a weekly neeting for 6-12 weeks,
dependi ng on how qui ckly the goals of the group is accom
pl i shed and;

5. able to dissemnate as rmuch informati omas possible to th
gr oup.

The goal s HARDI (K descri bes for the programinclude the najor



86

aspects of aural rehabilitation. Jdients are told about
their hearing loss and their hearing aid. There is an

ext ensi ve experinentation with hearing aid use until the
right aid is selected. The electro acoustic aspects of the
aid are then neasured and recorded. Listening practice is
given to awaken the person's interest in hearing again.

They are infornmed about speech-reading, with it's difficul-
ties and are encouraged to use their native skill. Attitudes
and behavi ours are di scussed and sone are di scouraged, such
as bluffing, self-depreciation and guilt. Finally, helpfu
suggestions are given about alarmcl ocks, T.Vs, telephones;
and personal safety. HARD C admttedly takes a conservative

view of the benefits of speechreading and auditory training

The basic approach is to present to the client a variety
of ways by which he may inprove his overall communicati on,
Thus, by pooling all information avail able to hi m ( SANDERS
1975) it is possible to conpensate for the |oss of audition.
A ternative source of information include anplification,
know edge of | anguage, awareness of situational constraints,
the visual attentiveness to |ip novenents, facial expression
and gestures. In addition attentive listening is discussed
wi th suggestions for inproving one's listening skills. In
this therapy program speech reading is discussed interns
of those factors which make it easier or nore difficult.
However, no extensive drill work is undertaken, and the
enphasis is on visual alternatives rather than an visua

phonem c reception.
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The audi ol ogi st nonitors progress and attai nnent of goals

in these seesions with auditory, visual, and handicap nea-
sures. Auditory testing includes S.R T. discrimnation,

and el ectro acoustic aid perfornance. Basic vision and

pr e- and- post speech readi ng scores are neasured. Scoring is
based not only on response accuracy but also on the attenpts

made. So that listening strategy of client can be assessed.

In rehabilitation of aged nmuch depends upon the patients
health, attitudes, and circunstances. These may influence on
t he acceptance of disability and the responses of therapy.
Under st andi ng and awar eness of these factors is therefore
inportant inthe auditory rehabilitation efforts for the elder
ly. ALPINER (1963) advised that in working with the elderly

one shoul d renenber that they are: -

1. Not as old as they used to be, physically or nentally:
2. No like children; they nust be approached on a nmature | evel
3. Individuals and are varied as in any age group;
4. subj ect to basic human needs; they need to |ove and be
| oved, to feel useful, to belong so newhere, to | ough

to believe in something and;

5. CGenerally nmuch nore flexible and capable of | earning

new things than we. give themcredit for.



CHAPTER 7

ROLE OF THE FAM LY

As a person gets older his famly assunes an ever
I ncreasi ng anount of inportance. The famly is the ol der
person's mai n source of enotional strength, conpani onship,
and, nore inportently, a prinme source of help in an ener-
gency or inthe case of illness. (R LEY & FONER). Aged
persons wi |l have fewer formal group re-lationship and
closer ties with specific individuals. These |ost
social ties to which theelderly cling are often those
of their immediate famly. Aged people who are sick
or whose activity is limted by chronic ailnents are nore

likely to live with one of their children.

LEHVANN, DE LATEUR .. et al (1975) found that of
a famly is available and if it can get the needed direction
and encouragenent froma health care team the comuni ca-
tively handi caped patient can often live at hone and recei -
ve better care as well. For this reason, delivery of health
care services should not be directed solely to the aged
person with a hearing disorder but should be a famly-
oriented activity. Quite frequently the famly needs help
as much as the patient does. Mst famlies want to do
sonething, to help intime of need, but in many cases,
their efforts are ungui ded, non-productive, or even counter

producti ve.
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Unfortunately, the geriatiic patient with a communica-
tion problemis not always understood, even by famly nenbers,
as to his limtations and reduced abilities. For these
reasons, the re habilitative challange presented by the ol der
hearing inparied patient will also require the famly to seek
and expect help fromthe health care professionals. Wen a
famly has sone understanding of the na ture of an elderly
patient's disorder, what can be reasonably expected, and
howto affectively help, than adjustnments are easier to
make, m s understandi ngs are avoi ded, and worthwhile

patient care results.

The famly of an aged handi caped person is often required
to assunme the role of nurse, occupational therapist, physica
t her api st, psychol ogi st, Rehabi | itation: audiol ogi st, and
speech therapi st for nonths or years wthout any warning or

training. |n case of the aged person who has a hearing

| oss, both the famly and the patient need to know howto
communi cate with each other effectively and to know the

I nportance of nonitor ing residual hearing. Simlarly famly
menbers shoul d seek information about the physical enotiona
probl ens of the hearing inpaired. YOUANS AND YARRON (1971)
poi nted out that an intact, supportive and intinate socia
environnment is an inportant sociopsychol ogical factor in
resisting disorders inold age and is a significant factor

i n survival
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Sonetimes it would seemthat menbers of the famly

of someone with hearing inparinent suffer as much and perhaps
even nore than the inpaired person hinself. The elderly
person with hearing | oss may appear serene and cal m basking
I n the peace and quiet which the inpairnent provides, while
al | around himeveryone else tries in vain to comunicate.

O course it is not generally pleasent to be cut off from
dai |y comuni cation, and having such a disability is worse

than it may seem Nevertheless, the famly suffers as well.

Common conpl ai nts about the hearing inpaired by the
famly include
(a) He hears what he wants to
(b) He blame everyone el se for his hearing problem
(c) He won't use his aid or, when he uses it, he still acts

i ke he can't hear.

The famly nenmber should realise that it is possibleto
hear s o me parts of conversation or sone voices nore easily
than ot hers. Thus thehearing inpaired are usually inno-
cent of the thing they are so often accused of, nanely,
hearing only what they want to hear, Wen a person has
a hearing loss, it often requires great concentration and
use of visual and other clues to fill in parts of the nessage
whi ch are not heard. XMAAMEAQM QFt AAKRO&APNE Abeapd. | f
full effort is not put forth, the conversational neaning
can easily be mssed. Wth normal hearing, by contrast, one
can hear and understand with very little effort . Wen
the hearing inpaired are tired or not watchin g carefully,

It may require nore concentration than they can master to
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participate in communi cati on.

It is not an easy thing sonetine s to accept the fact
that one has a disabili ty. Considering the gradual
way in which pres by cubic |osses develop, it is not
surprising that many el derly persons who have a | oss deny
it and bl ame others. Wth gentel comrents, the famly
menbers may be abl e to help the inpaired person recogni ze
that he possibly has a problem and encourage himto seek
proper help. Wen a hard of hearing elderly person is seen
by an audiol ogist, it is helpful for a nenber of the famly
togowi thhim It is also inportant; to attend aural

rehabilitation classes with the new hearing aid user.
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