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| NTRCDUCTI ON

The branch of nedicine that concerns itself with the
prevention and di agnosis of probl ens associated wth aging
is called "CGeriatrics", the termcoined in 1909 by an

Aneri can Physician, |Ignaz, Leo Vaschers.

Account s of the biophysical and behavi oral changes t hat
acconpany the process of growi ng old have been wel |l established

since long tine.

H ppocrates in 4th century B. C. described the reduced
nmuscul ar tomcity, skin elasticity and bl ood circul ation of
the el derly. The traditional philosophies on aging held
that growi ng old was an immutabl e transformati on based sol ely
on bi ol ogi c changes. CQurrent proponents of biol ogi c agi ng
can be divided into two canps: one who say that bodily cells
are programmed to deteriorate at a certain chronol ogi c age
and those who profess that aging is a passive process in

which cell's sinply wear out. (Hayflick, 1974).

The geriatric popul ation, which is one of the najor part
of the society has been found to be contributing significantly
to the betternent of society. They are a 'window to the past,
which aids in the maintenance of culture in the society. They
al so serve as a frame of reference to the youth, for meeting
various problemin the different walk of life. The well being
of the geriatric population is very inportant for the maintenant

of integrity in the society.
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The wel |l being of the older people wll be at state,
due to several changes in social, psychological and biol ogi ca
processes that occurs concomtantly with age. One of the types
of social trauma experienced as age advances i s retirenent

fromjob. This affect the nental well being of the individual.

One of the nost common problemis, a breakdown in the
comuni cation systemin the ol der people. The inpairnent in
comuni cation is brought about mainly by changes in the sensory

perceptual and speech nechani sns.

Wth increase in age, the hearing sensitivity deteriorates
resulting characteristically in a high frequency | oss. This
condition was terned as"Presbycusis"by Zawaardenaker (1899).
But presbycusi s as understood now does not |imt to only pure

tone | 0ss.

Phonem c regression, an expression coined by Gaeth in
1948, is acondition in which the ability to discrimnate
speech (neasured wi th phonetically bal anced nonosyl | abi ¢ wor ds)
Is dimnished in elderly individuals with presbycusis. The
presence of an age rel ated gradual decrease in the perception
of speech, out of proportion to hearing | oss for pure tones,
has been confirned in different studies (Pestatozza and Shore,

1955; Coet zi nger and Rowsey, 1959; Kl otz and Kel ban, 1962).

Mol I er (1981) however found only a m nor decrease in the

di scrimnation score for nonosyl | abic words with age.
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As presbycusis progresses, the decrease in hearing affects
the ability to communi cate. Age can affect several aspects of
human heari ng, whi ch has been shown by changes in pure tone
t hreshol ds, speech audi onetry, inpedance audi onetry and evoked

responses. (Bergman, 1980, Jerger, 1984),

Marshal | (1981) has revi ewed the studi es which show t hat

t he aging process affects hearing sensitivity.

The incidence of hearing loss in the elderly popul ation
is significantly high and the nbst common cause of hearing | oss
i s presbycusis, or the |l oss of hearing due to agi ng process

(Satal of f, 1966).

Presbycusi s denotes a common but not universal deteriora-
tion of auditory function coincident with aging. Presbycusis

mani f est changes in the entire auditorysystem (Schuknecht, 1955)

Presbycusi s deficit seen in nmany cases in gradual ly slopins
gradual |y progressive, high frequency sensori neural hearing | oss
The |l oss increases gradually at first and then accel erates nore
rapidly with increasing age, especially for the hi gher freguenci

(Berger, et al. 1977).

Approxi mately 35 percent of the Amrerican popul ati on over
t he age of 70 has a handi cappi ng hearing | oss. (National center

for Vital and Health Statistics, 1967).
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The agi ng person may have hearing | oss from presbycusis,
noi se i nduced hearing loss (NH) and chronic mddl e ear

di sorder (Surjan, Devald and Pal fel, 1973).

A systenmatic decline in static conpliance wi th advanci ng
age have been reported. Both nmen and wonmen showed a decline
in static conpliance beyond age 30, which is attributed to
change in mddl e ear tissues, nuscles and ossicles. A so a
systematic decline in acoustic reflex threshold w th advanci ng
age have been reported. The accuracy of predicting hearing
sensitivity using acoustic reflex thresholds for pure tone and
white noise is severely reduced in geriatrics (Jerger, et al.

1978, Hall, 1979).

The geriatric popul ati on as such nmani fest poor speech
di scrimnation on conventional speech tasks. The reduction
of speech discrimnation ability has gai ned much attention.
Herbert et al (1966) denonstrated reduced speech di scrim na-
tion score for the W22 word list for the individual over the
age of 60 years. By increasing the difficulty of the speech
task, the performance of the subject beconmes very poor. The
poorer performance of the geriatric popul ation conpared to the
younger popul ation on distorted speech, tinme altered speech
conpeti ng nmessage. t asks have been reported by nmany studies
(Bocca and Cal earo, 1963; Beasl ey and Bess, 1977; Lutermnmann,
wel sh and Mel rose, 1966; Carhart and Till man, 1977).
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The reduction in speech discrimnation associated with
t he agi ng process, cannot be considered a purely periphera
auditory problem The available data support that the speech
discrimnation difficulty in related to a generalized degene-
rati ve change in the auditory systemincluding the centra

audi tory nervous system (Bergnon, 1971; Beasel ey and Bess, 1977

Jerger and Hayes (1977) have suggested that the centra
agi ng effect may be of good prognostic value in assessing the
benefits of anplification and other aspect of aural rehabilita-

tion.

Central auditory dysfunction m ght pass undetected in
ordi nary speech test because of the high intrnsic redundancy

fof the speech material (Korson-Bengtsin, 1973).

Low redundant speech tests offer better prospects for
the evaluation of central auditory di sorders. In the elderly,
the score obtained with such distorted speech tests are con-
siderably lower than in young individuals (Cal earo and Lazzaron

1957; Antonel|l; 1970; Jerger and Hayes, 1977).

Auditory brain stemresponses (ABR) audionetry has been
wi dely used to evaluate the function of the cochl ear nerve
and the auditory systemat the brain stemlevel. Since ABRis

dependent on synchroni zati on over a large portion of the brain-
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stemauditory pathway, it is regarded to be very sensitive to

any di sturbances in this anatomcal region. (Borg, 1981).

The ol d individual s had generally | onger ABR wave | atencie
than the young subjects. The I-Vinterpeak latency (IPL) was
al so prolonged in the ol der age groups conpared with the group
of younger individual, except for subjects with pronounced
hearing | oss. The result of ABR testing indicate that an age
rel ated dysfunction of the auditory pathway in the brai nstem
can be present in presbycusis. (Rosenhal|l, Pedersm, Dotevali,

1986) .

Need for the study:

A study of the present nature is inportant for several
reasons*
First - 6%of the total population are over 60 years of age
(1971 Census). Anong the peopl e above 50 years, 57.8%have
been found to have hearing loss (GQIll and Sharma, 1957). Thus
mace than half the aged popul ation are hearing inpaired. But
the nedical and surgical services are of limted valueto
presbycusis. Therefore nore effective audiol ogi cal rehabilita-

tion services are warranted.

The rehabilitati on programcentres around an accurate
assessnent of the handicap. In order to adequately assess the

severity of hearing inpairnment, the factors of prine inportance
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I's reference standards agai nst which a person' s hearing is
eval uated. Therefore, while evaluating the sensitivity |oss
in an individual, the norns for the respective age group
shoul d be available. This is especially, so while assessing

the hearing loss in the aged.

Due to the advance in the nedical sciences, thelife
span of people all over the world is increasing. The Indian
census in 1971, revealed a decrease in the death rate by
nearly 5%during the past 70 years. The probl em encountered
by the aged has becone the central interest in social and

nmedi cal fi el ds.

The present study was conducted to exam ne the audi ol ogi ca

test results in geriatric popul ation.

The study ainmed at answering the foll ow ng questions;

1. Is there increased | oss of hearing sensitivity in geriatric
popul ati on?

2. Is there increase in hearing loss is uniformin each frequen
cies (250 to 8000 Hz at octave interval)?

3. Is thereincrease in hearing loss differ fromnale to fenale

4. |Is there any significant difference in static conpliance
val ue in geriatric popul ati on, conpare to younger age?

5. Is there any significant difference for acoustic reflex
threshold in geriatrics conpae to younger age.

6. |Is there any significant change in absol ute |atency of
different peaks (I, 11, M of brain stemresponse ingeriatr

conpare to younger age?
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7. Is there any significant change in inter peak |atency
(r-1et; 11r-v; 1-V) ingeriatrics conpare to younger age.
8. Is there any significant difference in anplitude (peak

| and V) in geriatrics conpare to younger age.



REVI EW G- LI TERATURE

The effects of aging process on the hunman auditory
systemhas been reported in the literature as early as 1800 A D
Zawaar denmaker (1894), observed progressive deterioration of

hearing for high frequency sounds w th advanci ng age.

Jerger (1973) stated, the aging process produces systenati,
changes in each of the two critical dinensions of hearing
i mpairnment - 1oss in threshold sensitivity and loss in the

ability to understand suprathreshol d speech.

Earlier the structural alterations in the presbycusis
ears was believed to be limted to the peripheral portion of
the auditory system (Davis, 1970). But in recent years,
many hi st opat hol ogi cal studies on presbycusis ears have
di sclosed that no portion of the auditory systemis inmmune
to senescent changes. The physiological alterations in
presbycusis ears thus involves all the nmajor divisions of peri-

pheral and central auditory nmechani sm

Marshal | (1981) has reviewed the studi es whi ch showed t hat
the aging process affects hearing sensitivity. The incidence
of hearing loss inthe elderly population is significantly high
and t he nost common cause of hearing | oss is presbycusis, or

the | oss of hearing due to the aging process (Sataloff, 1966).
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Pure tone audi onetry:

The pure tone test results generally reveal a bilatera
sensory neural hearing | oss sloping dowward through the
frequenci es above 2 KHz in geriatrics. Mller and Ot (1965)
reported this slop in 88%of a group of individuals over the
age of 65 years. Average hearing | oss ranged from16 to 60 dB
bilaterally. Generally, the loss of greater for nen in frequen-
ci es above 4 KHz, whereas wonen show a greater | oss toward
t he | ower frequencies (Departnment of Health, Education and
Wlfare)U S.A). Mller and Ot attributed the differences
in the high frequencies to greater noi se exposure in nen then

I N wonen.

Bunch (1929, 1931) reported a change in hearing sensitivity
as reflected by the pure tone audiogramis the best known
alternation in auditory function associated wi th the aging
process. He reported a gradual |y progressive reduction in
sensitivity beginning at about age 30. The hearing | oss
primarily affected frequencies above 1000 Hz. and was shown

to progress systematically through beyond age 60 years.

Sat al of f and Menduke (1957), observed little increase in
hearing | oss in men or wonen from age 65 years through age
90 years. The hearing loss tended to be bilaterally symetrica

as only 10 percent of the subjects had an ear difference of 10dB
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or nore. Melrose, Wil sh and Luterman (1963) reported in a
group of 62 nen between the age of 74 and 89 years. Subjects
exhibited a gradual ly sloping, bilaterally symetrical
sensorineural hearing loss with greater loss in the high fre-
guencies, No correlation was found bet ween age and degree of

hearing | oss.

Presbycusi s mani fest changes in the entire auditory

system ( Suhuknecht, 1955).

Presbycusis deficit seen in nmany cases is gradual ly sl op-
ing, gradually progressive, high frequency sensorineural hear-
ing loss. The |l oss increases gradually at first and then acce-
lerates nore rapidly with increasing ages, especially for the
hi gher frequencies. (Berger et al. 1977; Corso, 1963; Qorig and
Ni xon, 1962; dorig and Roberts, 1965). But not all presbycus

hearing | osses followthe typical audionetric configuration.

Dayal et al (1970) found a 31%i nci dence of flat audio-

nmetric configurations in the presbycusis sanple.

Schuknecht (1975) has described is different types of
presbycusi s.
1) Sensory (2) Metabolic or strial (3) Mechanical or cochleqr
(4) neural
Sensory preshycusis is characterized by an abrupt hi gh-frequency
| oss. Metabolic presbycusis is characterized by a flat audi onet

patterns.
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Mechani cal presbycusis is associated wth a gradually
sl opi ng high frequency hearing | oss. Neural presbycusis
Is inplicated Wen speech discrimnation ability is poorer,

t han woul d be expected from t he audi ogram

The agi ng person may have hearing | oss from presbycusis
noi se i nduced hearing I oss (NH) and chronic mddle ear
di sorder (Surjan and Devald and Palfal, |. 1973). Pl om(1978)
suggested that 24%of the popul ation is handi capped at the
age of 65 years. Over 30%by age 70 years and 50%by age
75 years.

Liden (1967) and Ani ansson (1974) have denonstrated t hat
persons wi th high frequency hearing | osses are handi capped
In noisy situations, even if their hearing for 500 Hz, 1000 Hz

and 2000 Hz is essentially nornal *

The peripheral sensitivity loss differs for nen and wonen
interns of age of onset (Corso, 1963a; 1963 b) . Where reduc-
tion in hearing sensitivity devel oped in nal es between the age
of 26 and 32 years and in fenal es at about the age of 37 years.
The onset was seen to be nore gradual/in wonen, the rate of pro-
gression was greater in female, by age 51 to 57 years (Corso,
1963 a, 1963 b) . Were wonen exhi bited poorer |ow frequency
hearing than nen. Men showed better hearing for the low fre-

guenci es wher eas worren exhi bited better high frequency heari ng.
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CGoet zi nger and hi s associates (1961) - reported that wonen
showed better hearing in the high frequenci es whereas the mnen

showed nore sensitive hearing in the | ow frequenci es.

M | ne and Lauden (1935) - examned the pure tone sensitivi
of nearly 500 person between 62 and 90 years of age. Wnen
denonstrated a greater hearing | oss at 1000 Hz and bel ow, where
ten exhibited a greater | oss at 2000 Hz and above. The hearing
|l oss related to aging is reported to be sensorineural in nature
si ngul ar changes in the bone conduction responses have been
reported and related to the aging process. (Carhart, 1958; Melro
et al. 1963).

The Bernero phenorenon is a condition whereby corti cal
differentiation of two trains of neural inpulses (B.C) is
nore difficult than the differentiation of a single (AC) trai
Carhart (1958) described the Bemero effect, which is nmanifested
by a greater | oss by bone conduction than air conduction at
500 Hz and this change in responsivity due to central perceptua
di st urbance. (Thi sreduced bone conduction response at 500 Hz,

isnore likely areflection of central auditory dysfunction).

dorig and Davis (1961) - described a high frequency air-
bone gap that they ascribed to an age related increase in
stiffness of the cochlear partition. The air bone gap was press

at 4000 Hz and increased from 10 dB at 50 years of age to 40 dB
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by 80 years of age. The age related air bone gap m ght be
used in the identification of noise induced hearing | oss and

al |l ow for neaningful correction of conpensabl e hearing | oss.

M| ne (1977 b) - conpared air and bone conduction thresho
at 1000 Hz and 4000 Hz. At 1000 Hz, 16 percent of the nen and
18 percent of wonen denonstrated an air-bone gap greater than
10 dB, where as at 4000 Hz, 58%of nmen and 34%of the wonen
exhibited a simlar air bone gap. There was no significant
co-rel ation between age and the size of the air-bone gap.

M1l ne (1977) related the high frequency air-bone gap to a | oss
I n mechani cal activity in the nuscular joints causing a di s-

sipation of primarily high frequency energy.

Peder son, Rosenhall and Moller (1989) reported that
hearing | oss was nost pronounced at hi gher frequencies for
bot h sexes, and nen had an average of 10 dB greater hearing
|l oss at 8 KHz than wonen. The decrease in hearing threshold
I n men between the ages of 70 and 81 years was nore pronounced
at 2 KHz (27 dB) than at 4 and 8 KHz (15 and 20 dB respectively
The average hearing | oss in wonen increased at a constant rate
bet ween the ages of 70 and 79 years (15 dB), while between the
ages of 79 and 81 years the change in pure tones threshold

was m ni nal .
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H nchcliffe (1959) found significant differences in the
| evel of hearing in certain frequencies in younger age group
of both the sexes, fromhis survey he found that in all the
groups covering the age range 18-54 years the hearing |evels
of wonmen were significantly | ower than those of nen at
3000 Hz, 4000 Hz and 6000 Hz. while in ol der age groups
significant differences were also found at 2000 Hz and 8000 Hz
so they concl uded that bone conduction shift coul d be caused
by i nner ear conductive presbycusis that resulted froma

stiffening of the basilar nenbrane due to agi ng.

Magl aderg (1959) stated that atrophic changes in the
elderly occured in the supporting walls of the external auditor

neat us.

Goet zi ngon (1965) has nentioned that nmany patients were

unabl e to respond to maxi num audi onetric stinmulation at 8 KHz.

Farrior (1963) has shown that geriatric patients are also
vul nerabl e to otosclerosis which is thought by many to be a

di sease of the younger person.

dorig and Davis (1964) have al so reported data Wi ch
suggest that sonme pathol ogi cal condition exists in the conduc-
tive apparatus of the auditory nmechani smof the aged patients.
Poor maj or age effects have been identified in presbycusis.
One is central presbycusis, another is the classifical sensory
neural presbycusis; athird is mddle ear conductive presbycusis

and the fourth is inner ear presbycusis which show consi derabl e
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hi gh tone hearing | oss by bone conduction. These age affect

may occur in any conbination.

Rosen WAsser (1964) enunerated structural changes in
the aged ear as ossicular atrophy paticularly in the crura
of the stapes, ossification of the incudo nalleolar joint
with calcification of the articular cartilage, degeneration
and atrophy of the mddle ear nuscles, a thin and transl ucent,
tynpani ¢ nmenbrane and atrophy and thinning of the skin that
lines the external neatus together with | oss of elastic tissues

el enent s.

Anderson (1967) reported that the problemof aging is
t he greatest hazard faci ng nedi cal sciences since the conquest

of the infections di seases.

Aorig (1967) termed presbycusis as those inpairmnment
resul ting fromphysiol ogi c changes t hat acconpany, aging, and
| osses, stimmng fromthe noi se exposure of our social environ-

ment he calls sociocusis.

Burn (1968) freported that in presbycusis progressive
deterioration of hearing of high tones occured. From audi o-
| ogi cal studies on young and ol d peopl e he found that the
hi gher the frequency of the test tones. The greater was the
hearing threshold and ol der the person the greater was the

deterioration.
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H nchcliffe (1968) found that in a British sanple
t he average threshold for nmal es was poorer than those for
the females. This difference was attributed to the cochl ear

danage due to noise to which the nen had been exposed.

Nonmura and Kiri kae (1968) studied the cochlea of 30
aged people histologically as well as histochemcally to
denonstrates t he pathol ogy of sensorineural elenents in the
organ of corti. Loss of sensory cells was found to be nost
severe near the basal end of the cochlea and. |ess towards

t he apex.

H nchcliffe (1973) stated that inpairnment of hearing
I n advanced age, known by the name of primary ideopathic pres-
bycusi s, was a deafness of the perceptive type w thout
recruitnent and therefore the changes nere not primarily | oca-
lised in the organ of corti. It was characterized by a high
tone | oss of hearing, so that the changes m ght be | ocalized
in the basal coil of cochlea. The |ongest frequencies of
1000 Hz - 2000 Hz were inpaired much earlier, frequencies of
4000 Hz to 8000 Hz di sappeared as early as the age of 40 years.

Ichiro Kirikae, (1968) studied the effect of senile
changes in the retrocochl ear pathway on the auditory function
I n advanced age. The subject ranged from60 to 75 years. In

t hese subjects the pure tone thresholds at 250, 500 and 1 KHz
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stayed within 10 dB of normal hearing level. Their results

i ndi cated t he presence of retrocochl ear |esions in advanced
ages showi ng senile changes are distributed along the auditory
pat hway fromthe level of spiral ganglion to the auditory
cortex. Although there is no question that presbycusis is
partly caused by lesion of the inner ear, senile changes of
the nerve cells in the central auditory pathway nust al so play

an inportant role as the cause of preshbycusis.

M1 ne (1977b reported increase in hearing | oss were
smal | after one year but greater after 5 years especially at
hi gher sound frequency in a |longitudinal study of persons age
62-90 years. Some subjects showed increased | oss at all fre-
guenci es neasured. The regressions fromfrequencies of 1000 Hz,
and 4000 Hz showed age effects i.e. increase | oss over five

years as age at entry increased only in nmen at 1000 Hz.

Musci cki, et al (1989) reported in epiderm ol ogi c study
of the Fram nghamHeart Study Cohort. The subject were 935
men and 1358 wonen, age range 57 to 89 years. Using a defini-
tion of hearing |oss as threshold | evels greater than 20 dB
above audionetric zero for at |east one frequency from0.5 to
4 KHz, the preval ence was estimated to be 83% The mgjority
of cases displayed a sensorineural hearing | oss. There were
no statistically significant difference by sex at 1 KHz and
bel ow, woenen had significantly better hearing than nen at

2KHz and above.
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Ronal d et al (1980) studied the specific frequency and
degree of hearing loss in 202 elderly nursing hone resident
(159 fermal es, 43 nales) and reported pure tone averages
(500, 1000, 2000 Hz) for the better ear showed a substantia
deterioration in each decade interval beginning from ages
In the 60s and extending into the 90s. Mean threshold for
t he various age categories reveal a gradual decline in hearing
with age at all frequencies and for the better ear pure tone
average. The nean within each group are generally simlar at
500 Hz and 1000 Hz but show a drop of 58 dB at 2000 Hz and
a further drop of 13-17 dB at 4000 Hz.

Speech di scri mnati on:

Next to the changes in hearing sensitivity, the deteriora-
tion in speech discrimnation is the nost coommon characteri st

of age related changes in auditory function.

Gaeth (1948) credicted, the reduction in speech discrimna
tion that characterizes the auditory probl ens nmanifested by
aging client. He coined the termphonemc regression to descri

this clinical phenonenon.

Pest al ozza and Shore (1955) studied speech discrimnation
in agroup of subjects over 60 years of age. The reduction in
speech discrimnation could not be related to degree of hearing

| oss or slope of the audionetric configuration. No corelation
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was found between the speech discrimnation score and presence
or absence of recruitnment. They suggested therefore that the
reduced speech discrimnation was related to degenerative chang

i nvolving spiral ganglion cells and fibers of the eight nerves.

CGoet zi nger (1961) using subjects ranging in age from 60
to 90 years, denonstrated a significant age and ear effedt for
di scrimnation score obtained using the A D W22 word |ists.
The speech discrimnation problens in aging were the result of
a conposite of changes in the auditory system andwere not

related to degeneration at any single |evel.

Reduction in speech discrimnation scores has been rel ated
to the degree of sensorineural hearing |oss rather than age by

sone researchers. (Harbert and Mendul | e 1966; Kasden, 1970).

Harbert et al (1966) showed reduced speech di scrimnation
score for the W22 word list for the individual over the age
of 60 years having negatives otol ogic histories and pure sensord
neural hearing | osses. The reduced speech discrimnation score;
were nore strongly related to degree of hearing loss than to

subj ect age.

Kasden (1970) failed to denonstrate an age related reduc-

tion in speech discrimnation.

Surr (1977) did not find any differences in speech discrim
nation scores across age group wth mld high frequency hearing

| osses for NU-6 word list at 40 dB SL.
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R ntel mrann and Schunai er (1974) denonstrated a signifi-
cant age related reduction in speech discrimnation in subjects
over 60 years of age nmatched in terns of degree of hearing | oss

wi th younger hearing inpaired person.

Speech discrimnation in ideal |istening conditions:

Jerger (1973) have found decrease in PB nax. w th aging
Is simlar to the decrease in absolute sensitivity wth aging.
Jerger al so exam nined nean, PB max. Score as a function of
age for groups with varying degrees of hearing | oss (grouped
by pure tone average) and he observed slight decrease in
PB max, with age when the presentation |evel was sufficiently

I ntense to overcone the attenuating effect across all frequencies

Lut erman, Wal sh, Melrose (1966) have found nore errors for

elderly than for young listeners on W22 word list at 40 dB SL.

An age effect on speech discrimnation scores was denon-
strated by Bess and Townsend (1977) they suggested an interaction
bet ween age and degree of hearing | oss. Subjects with pure tone
averages better than 40 dB did not denonstrate any apparent age
rel ated reduaction in speech discrimnation. However, the age
ef fect becone apparent for individuals, exhibiting a sensori -

neural hearing | oss in excess of 40 dB.

The reduction in speech discrimnation associated with the
agi ng process, cannot be considered a purely peripheral auditory

probl em Avail abl e research studi es support, the contention that
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the speech discrimnation difficulty & related to a generalize
degenerative change in the auditory systemincluding the centra
audi tory nervous system (Bergnon, 1971; Jerger, and Hayes, 1977
Konkl e, Beasel ey, and Bess, 1977; O chi k and Burgess, 1977).

Bergman (1971) reported a significant reduction in discri-
mnation ability in the absence of any peripheral sensitivity
| oss, after examning the speech discrimnation ability of nornal
heari ng adults, between t he age of 20 and 79 years usi ng a vari ous

of altered speech tasks.

Konkl e et al (1977) used a tine conpressed speech di scrim -
nation task and they reported differential effects for age
and time conpression. Specifically, tine conpressed speech
di scrimnation scores showed/ a consi stent decline with increasing
age. The greater the anmount of tine conpression, the greater

was t he denonstrated age effect.

O chi k and Burgess (1977) exam ned synthetic sentence
identification (SSI-ICQVM) as a function of age of the listener.
Four age groups were examned and all subjects had normal peri-
pheral hearing sensitivity. The two oldest age groups ( t o 49
years and 60 years and above) showed a significant reduction
I n discrimnation when the synthetic sentences were presented
agai nst a conpeti ng nessage of continuous di scourse mxed in

t he sane ear (SSI-1CM.
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Speech discrimnation for altered speech: -

E derly peopl e generally experience difficulty with
all types of altered (i.e. frequency related altered, or
tenporally related altered) speech (schow, et al, 1978), but

there are many inconsi stenci es across studies.

The el derly have denonstrated decreased perfornance
on fast speech (Bergonon, Bl unenfeld, Caseardo, Desh, Levitt,
and Margul l es, 1976) interrupted speech (Bergnon, 1975;
Bergman et al 1976; Kirtkar et al. 1964) and reverted speech
(Bergman, 1971, Bergnman, et al 1976).

Korobic, et al reported found poorer perfornance for
elderly listeners in conparision with young |isteners, where
the elderly listeners had hi gh frequency sensori neural
hearing | osses and poorer speech discrimnation scores for
unal tered speech and the test words were presented at rel a-

tively | ow SLS.

I n young peopl e with normal hearing, the perfornmance/
Intensity function (Pl) for phonetically bal anced nonosyl | abl es
(PI-PB) and for synthetic sentence identification in the
presence of conpeting noise (PI-SSI) were simlar, but in
order people statistical differences are found due to their
rel ati vely poor performance on the synthetic sentence identi-

fication (SSI) task. (Jerger and Hynes, 1977).
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Persons with normal hearing or slight hearing loss in
t he ol der age group reveal ed that scores on the synthetic
sentence identification task (SSI, s/N=QJB) have a tendency
to be worse in conparislon with the discrimnation scores
for phonetically, balanced words in silence. (Debruyne, T.
Berghein, Y. 1989)%

Rel l over inplies a significant reduction in speech
discrimnationability at high intensity levels and is
consi stent with eighthnerve dysfunction. (Jerger, (1971)
suggested that significant rollover is rarely found i n cases
other than eighth nerve | egions, except in the elderly
patient. Only 9 of the 741 cases (other than 8 nerves cases)
denonstrated significant rollover in the subject over 50

years of age.

Gang (1976) found a strong relationship (r=0.83)
between the age of the listener and the anount of roll over
suggesting that the |ikelihood of eighth nerve invol venent

I ncreases W t h age.

| npedance audi onetry,

| npedance audi onetry has beconme a standard part of the
audiologic battery. Its clinical utility included applica-
tions in identification auditory as well as differential

di agnosi s.
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The | npedance battery includes three neasures: Tynpano-

netry, static conpliance; and acoustic reflex assessnent.

Tynpanonetry represents an assessnent of the changes
in efficiency of the mddle ear systemas air pressure is
varied in the external auditory nmeatus (Jerger, 1975). The
results of tynpanonetry are plotted graphically and referred
to as a tynpanogramand it is very useful in assessing mddle

ear function.

The changes that have been reported appear to interact
whi ch changes in the types of m ddl e ear disorder that
af fect various group. In children, a relatively high per-
centage of tynpanogram associated with otitis nedia are observe
An increased incidence of tynpanogramtypes associated with
ossi cul ar abnormalities (i.e. Stapesfixation) is observed

wi t h advanci ng age. (Jerger, 1970).

Bl ood and Greenberg (1976) reported that "A significant

I ncrease in inpedance was noted in aged 50 years and ol der".

Static conpliance involves the nmeasurenent of the
conpliance of the mddle ear in its resting or static state
by determning the voluneof air that has a conpliance equiva-
lent to that of the mddle ear system (Jerger, 1975). Mddle
ear system becone increasingly conpliant upto m ddl e age and

then stiffen with further aging. (A berti and Kri stensen, 1972).
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A systematic decline in static conpliance with
advanci ng age has been denonstrated (Jerger, Jerger, and
Moul di n, 1972). W mnman showed consistently | ower static

conpl i ance at each |evel.

Hal I (1979) found the six difference in static conpliance
to be nost pronounced between 30 and 60 years of age. Both
men and wonen showed a systenmatic decline in static conpliance
beyond age 30, which he attributed to changes in mddl e ear

ti ssue, muscl es and ossi cl es.

The acoustic reflex threshold is the | owest sound inten-
sity that will elicit a detectable contraction of the stapedi us
nuscl e (Jerger, et al 1972). 1In the normal hearing popul ati on,
approximately 95%of the acoustic relex threshold fall between
70 and 100 dB hearing level (H.) with a nean of approxinately
85 dB HL (ANSI - 1965).

A systematic decline in acoustic reflex threshold with
advanci ng age have been reported. No sex differences has been
observed in acoustic reflex threshold in geriatrics (Jepsin,

1963; Jerger, et al. 1972).

Seavert om and McLennon (1976) found that the acoustic
reflexes in their three age group were elicited at equival ent
sensation | evel ; the supraacoustic reflex anplitude were reduced
in the ol dest groups of 60 to 70 years as conpared to 20-30
and 40-50 years.



Jerger, Hayes, and Anthony (1978) denonstrated that the
accuracy of predicting hearing sensitivity using acoustic
reflex thresholds for pure tones and white noise is severely
reduced in elderly patients. Jerger, et al (1978) found a
decline in acoustic reflex threshold for puretone stinmuli,

but for broad-band noi se, the age effect was nonexi stent.

S lman (1979a) found no difference in acoustic reflex
threshol ds for pure tones between young and el derly nor nal
hearing adults, but found increased acoustic thresholds for

white noise in the elderly subjects.

Thonpson, Sils, Recke, and Bui (1980) found no change
I n acoustic reflex thresholds for either pure tones or
filtered white noise as a function of age for nornal hearing
adults, but did find decreased growh of the acoustic reflex

to these stimuli with increasing age.

"Thonpson, et al (1980) reported growth in anplitude
of the acoustic reflex to filtered noi se and tones of 500,
1000, and 2000 Hz. in 30 persons between the age of 20 and
79 years. A though thresholds of the acoustic reflex did
not vary significantly across the age range of the subject
sanple, the rate of growh in Amplitude decrease linegrly

with increase in age decade.
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Jerger, et al (1978) reported a gradual reduction in
acoustic reflex thresholds (ART) to tones of 250 Hz, 500 Hz,
1 KHz and 2 KHz in subjects between the ages of 20 and 59

years.

Margolis, et al (1978) reported a decrease in acoustic
refl ex threshol ds to w de-band noi se, in subjects over the

20 to 67 years age range.

Wl son (1981) reported as the i nmttance changes between
the qui escent and reflexive states as a function of both the
activator sound pressure | evel above the reflex threshol d.
There have no significant differences between the static
immttance val ues for the two groups (bel ow 30 years and above
50 years). Although acoustic reflex thresholds for the two
groups were the sanme in the | ow and md frequencyregi on (250-
2000 Hz), the reflex thresholds for the above 50 years group
were elevated significantly (8 dB) for 4000 Hz, 6000 Hz, and
noi se activators. 1In all the condition, the magnitude of the
acoustic reflex was substantially snmaller for the above 50

years group as conpared with the bel ow 30 years group.

Hal | (1982) reported subject age and sex markedly influence
reflex anplitude over the range of 20-80 years, maxi mumreflex
anpl i tude, on the average, decreased by 56% Both uncrossed and
crossed reflexes were affected, the age related anplitude

changes were usual |y nore pronounced for uncrossed refl exes.
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Anplitude for crossed reflexes is dimnished in conparision
to uncrossed anplitude in all the subject. Thereis a
mar ked sex difference in both uncrossed and crossed acoustic
reflex anplitude. Over nost of the intensity range, the
anplitude differences regularly increase with signed intensity.
At the highest intensity level, neither males nor female in
ol der group show further anplitude growth. However anplitude
growth was greater in females. The sex differences in the
ol der group is statistically significant for the 1000 Hz signal

as well as 4000 Hz and t he 500- 1500 noi se band.

Wl son (1981) reported no significant difference between
the static imnmtance value for the two groups of subject (below
30 years and above 50 years) although the bel ow 30 years group
had slightly higher static admttance (lower static inpedance)

t han t he above 50 years group, thus difference were nonsigni-
ficant. The acoustic reflex threshold for the two groups were
the sane in the lowto md frequency region (250Hz - 2000 Hz)
the reflex threshold for the above 50 years broup were el evat ed
significantly (8 dB) for 4000 Hz and 6000 Hz. 1In all the
condition, the nagnitude of the acoustic reflex was substantial ]
snmal l er for the above 50 years group as conpared with the bel ow
30 year group. The variability of the reflex nagnitude was |arg
for the both group of subjects. Saturation of the individua
grow h function, which was frequency dependent, occurred tw ce
as often with the above 50 years group as with the bel ow 30 year

of group.
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Special Auditory Test:

Pest al ozza and Shore (1955) suggest the nost inportant
indication is that theusual relationship between auditory
tests do not hold true for presbycusis. The presbycusis popu-
| ation exhibit wider variability on nost measures designed to
identify a site of lesion in the peripheral auditory mechani sm
This variability reflects the generalized deterioration that

characterized the aging of the auditory system

a) Short-increnent sensitivity index: (SISl):

Jerger, et al (1959) described presbycusis as a clinical
entity in which the SISI score was quite unpredictable. In a
group of 34 elderly subjects SISI scores at 1000 Hz and 4000 Hz
ranged fromO percent (in retrocochlear involvenent) to 100

percent (in cochlear disorder).

Young and Herbert (1967) did not found any difference
bet ween presbycusis and vari ous cochl ear di sorders for SISl
scores across a range of sound pressure |levels or at high

| evel s.

Koch et al (1969) and Cooper (1976) found that the high
intensity SISI task at either 75 or 90 dB HTL serves as an
excel | ent screener task for eighth nerve peripheral neutral
transmssion deficits. They report on confirmed ei ghth nerve
| ocus tunors where | ow scoring negative SISl val ues were report,

on the ear with the transm ssion probl em
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Jerger (1973) reported on a patient with left tenpora
| obe danmage who had suppressed SISl scores for the right ear
for sensation levels raising from60 to 95 dB. He stated that
"startling deficits in intensity descrimnati on appeared in

the ear opposite the affected side of the brain.

Punnan (1976) studies of SISl on/presbycusis shows unpre-
dictability of SISI scores. This nmay be because of |ow |eve
of presentation (tone presented at 70 dB HL) The result showed
that no pathology is detectable in the cochlea and the presbycu

ear behave |li ke normal ears.

b) Loudness bal anci ng:

Recruitnment as an abnormal growth in the | oudness
function is a clinical manifestiona generally associated with
cochl ear pathology involving the hair celle. The presence of
recruitment is indicative of cochl ear pathol ogy whereas the
absence of recruitnment is nore consistent with neural involvenent

(Fel dman, 1976).

Pest el ozza and Shore (1955) studied performance of 24
subj ects over the age of 60 years who had densorineural hearing
| osses, using the alternate binaural and nonaural | oudness
bal ance teat. The results indicated considerable variability
I n performance on the part of the presbycusis subjects with no
apparent correl ation between the presence of recruitnent and

t he speech discrimnation score.
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CGoetzinger et al (1961) studied the performance of 90
subj ects between the ages of 60 and 90 years using a variety
of auditory tests including the alternate bi naural and nonoaura
| oudness tests. The result showed that only 35 percent nen

and 17 percent wonen denonstrated conpl ete recruitnment.

Harbert et al (1966) used two nonaural | oudness bal ance
tests to assess the incidence of recruitnment is 50 subjects
over the age of 60 years. Recruitnment was found in |ess than
30 percent of the subjects. The absence of recruitnent was
often associated with an el evated nmural overl oad threshol d,
suggesting that the cochlear dysfunction inaging nmay be a
mechani cal di sturbance such as increased stiffness of the

basi | ar nmenbr ane.

The recruitnent is not always nanifested in sensorineura
hearing | oss associated withaging. The absence of recruitnent
may be one indication of a change in cochl ear nmechani cs and
Is consistent wth the changes in the cochlear stiffness gradua

reported by Schuknecht (1964).

c) Auditory adaptation:

Auditory adaptation is nmeasured in two ways clinically,
t hrough tone decay testing and Bekesy audi onetry. The presence
of exccessive auditory adaptation is regarded as a sign of acou

nerve invol venent. Tone decay test may invol ve threshold or
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supr at hreshol d stinmulus (A sen and Nof fsinger, 1974; Jerger
and Jerger, 1975). The anmount of adaptation usually seen
on clinical tone decay test i.e.30 dB or less (Gang, 1976; Qsei

Nof f si nger, 1974).

CGoet zi nger et al (1961) used a threshold tone decay
procedure in evaluating the subjects between 60 and 90 years.
No significant tone decay was found at any age |l evel. Few

subj ects denonstrated presence of tone decay at 2000 Hz.

Punnan (1976) also failed to obtaine any significant
decay in presbycusis. Using a suprathreshold task, Jerger
and Jerger (1975) denonstrated a significant tone decay at

4000 Hz in patients with presumed cochl ear hearing | oss.

Wl leford (1971) reported abnormal tone decay for only
a small nunber of elderly subjects. Presbycusis subjects
usual |y did not show the abnornal fatigability that is expected
with a retrocochlear site of lesion; but it is inportant to
neasure rate as well as anplitude of adaptation(WIly and Lilly,

1980) .

Jerger (1960) using Bekesy audionetry did not find signi-
ficant auditory adaptation in presbycusis. Bekesy tracings
are usual lyType | or Il (normal or cochlear site of |esion,
for presbycusis subjects (Harbert et al 1966 and Jerger, 1960)

and show not abnormal fati gue.
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Audi tory Brain Stem Response:

The auditory brain stemresponse (ABR) audiometry is of
great inportance today in the field of audiol ogy, otology,
and neurology. It is an objective way of assessing hearing
inall types of cases. ABR has been w dely used to eval uate
the function of the cochlear nerve and the auditory system
in the brain stemincluding difficult to teat subjects; since

it 1s not affected by sleep and sedati on.

Jewett and WIlliston (1971) has identified a series of
given small waves during the first 10 ms which coul d be
recorded fromthe earlobe, ver/tex electrodes in response to
a series of small stinuli, either wi de band clicks or high
frequency tone bursts. A reviewof the result of auditory
brain stemresponse on age and sex seens clear that there
was significant age and sex effects on the ABR peak |atencies
and interpeaks intervals (IPl). The results havebeen contro-

versial about the role of age on auditory brain stemresponses.

There was appreci abl e prolongation of latency with increas
ing age* The anplitude was al so dimnished with age until in
the 8th decade. This may be due to lack of syncrhony between
i ndi vi dual / responses follow ng individual stinuli. The nean
| atency of wave V fromtrial to trial and subject to subject di

not show very great changes, so it is necessary to postulate a
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greater scatter of individual response |atency and thus poor
synchrony, w th increasing age. Secondly, the increased
ti ssue inpedance may have played a part in the dimnition of
anplitude noted in the ol der subjects. (Beagley and Shel drake,
1978).

H gh frequency hearing | oss has been denonstrated to signi-
ficantly delay (i.e. 2 to 5 nms) onset of the auditory brain
stem responses even When hearing is nornmal within the prinary

speech frequencies i.e. 500 - 2000 Hz (Coats and Martin, 1977).

Rowe (1978) reported significant |atency differences bet-
ween the elderly and the young subjects; however his procedure
for selecting the subjects did not rule out the possibility
of participation of subjects with high frequency hearing | oss.
Rowe (1978) studied his subjects into two age groups of nean
age 25.1 year and 61.7 years respectively finds (in response
toclicks at 60 dB H. at a rate of 80/sec), a difference between
means of 0.2 nsec, for wave |, 0.44 msec. for wave Il and
0.36 msec. for wave V, old subject showi ng |onger |atencies
than young. The interpeak interval differences between old
and young subjects are smaller than his peak |atency difference
A der subjects exhibited | onger peak |atencies than the younger.
He al so reported shortening of the I-111, I11-V, and |-V interva
when the click intensity is reduced from60 to 30 dB HL (Qick

rate 30/ sec)- in both ol der and younger subjects.
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Beagl ey and shel drake (1978) found significant difference
regard to sex, and only a mninmal increase in |atency of wave V
as a function of age and did not find any significant diffe-
rence inlatency for any wave and observed | onger |atencies of
Waves Il and Vin nales. MCandles (1982) reported only
slight age dependence of ABR | atenci es. Hal I (1960) reported

a shorter wave V latency in females than in nmal es.

Rosenhaner et al (1980) found no significant |atency
di fference between nal es and fenal es anong the ol d subjects.
Shorter peak |atencies in fenmal es (bel ow 50 years) than nen

and sex difference was not significant above the age of 50years

Thonson et al. 1978, Jerger and Hal |, 1980 have found for
peek V and Johnson (1984) for IIl, 1V, Vand VI1 significant

| at ency differences between young and ol der persons.

Maurizi et al (1982) found a significant copul ation between

age and interpeak latency (IPL) I-Vin nales.

The percentage difference between the younger and the
ol der subj ects showed/ a decreasi ng wave occurrence wth increas-
Ing age. There was an absence of I, 11, Vwave conpl exes
wth increasing age at lowintensity levels (30 dB HL). There
was grow ng wave |latency with age. The anplitude val ue show
no significant age dependency (Von Wedel, 1979). He concl uded
that a reduction in the nunber of excited nerve fibers and

reduced transport processes, in all regions in the pathways
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upto the nucleus of the lateral with grow ng age.

Debruyne (1986) denonstrated the |atency shift of wave V
of the auditory brainstemresponse (ABR) caused by increasing
the stinmulation rate. An increased click rate causes a prol ong.
ation of wave V latency, and the effect seens to be greater
i n the ol der age groups. He reported that the wave V of the
auditory brain stemresponses showed a greater |atency prol ong-
ation when the stimulus rate was increased. He found no stati -
stical correlation between the scores on the synthetic sentence
identification task and prol onged | atency of wave V of the
auditory brai nstemresponses in ol der age group. So, they
seemto be the result of two independent processes. (Debruyne,

1989) .

Rosenhal | et al (1986) reported that the ol dindividuals
had generally | onger ABRwave | atencies than the young subjects.
The I-V interpeak latency (IPL) was also prolonged in the ol der
age groups conpared with the group of younger individuals,
except for subjects with pronounced hearing |oss. The result
i ndicate that an age related dysfunction of the auditory

pat hway in the brainstem can be present in presbycusis.

St ur zebecher and Werbs (1987) studied the age and sex
dependence of the latencies and interpeak |atency (IPL) of the
auditory brain stemresponses. The |latencies of the wave I,
Il andV as well as the interpeak latency (IPL) -V, and III-V

are significantly shorter in females than in nmales. The |atenci
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of I, I'll and Vin males and for the wave V latency in fenal es
coul d be down on a correlation |inear dependence on age. The
sl opes of the regression |lines for the dependence of ABR
|atencies I, 11l and Von age tend to doe steeper in nal es

than in fenal es.

O recent, a study of ABRin the elderly subjects denon-
strated a shift in the latency of the single waves, reduced
anpl i tude, shape changes, worsened reproducibility and i ncrease
central conduction tine. Fujikawa 1977; Rowe, 1978, Jerger and

Hal |, 1980 Quaranta, et al 1989).

Brain stemelectric responses (BSER) to clicks at 80, 60,

and 40 dB SL(rate 22.5/sec) were recorded from62 nornal |y
heari ng subj ects grouped according to sex and age. There were
four groups, young feral e (nean age 26.8 years) ol d fenal es
(56.1 years); young nales (29.6 years), and old nales (59. 3
years). The BSERs were neasured in respect to peak |atencies
(r, 11, V) and interpeak intervals (I-111, VI1-V, 1-V). Wve
replicability was seen to deteriorate with age, concerning peak
| at enci es, highly significant differences were established bet -
ween t he group of young femal es and the ot her three groups, your
femal es exhibiting shorter latencies (of the order of 0.2 nsec),
D fferences between the other three groups were | ess significant
or nosignificant at all. GConcerning interpeak intervals, the

di fferences between groups showed little or no significance.
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Furthernore, in old subjects only the individual 111-V interva]
exhibited a significant increase with reduction of click inten-
sity from80 to 60 dB SIs of theorder of 0.1 msec. Variances
of peak |atency and interpeak interval neasures were not seen
todiffers significantly between groups. (Rosenhaner, Lindstrom

and Lundborg, 1980).

Rowe (1978) and Beagl ey and Shel drake (1978) have investi -
gated the effect of age and sex upon wave | atencies. Rowe
(1978) denonstrated significant differences between old and
young subj ects, white Beagl ey and Shel drake found significant

differences regard to sex, but not in regard to age.

Janes, Jerger (1978) Hall (1978) studied the anplitude
and |atency of the auditory brain stemresponses wavef ormas
a functions of chronol ogical age in nmale and femal e subj ects.
They reported age had a slight effect on both |atency and
anpl i tude of wave V. In subjects with nornmal hearing, |atency
I ncreased about 0.2 ns. over the age range from25 to 55 years.
In the sane group, wave V anplitude decreased about 10% In
t he subjects with sensorineural hearing | oss, the |atency
I ncrease was snal ler but the anplitude decrease was equival ent.
Sex also affected the ABR. In both normal and hearing inpaired
subj ects, fenal es subject showed consistently shorter |atency
and larger anplitude at all age levels. Wave V |atency was
about 0.2 ns shorter and wave V anplitude was about 25%]I ar ger

i n femal e subj ects.
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Beagl ey and Shel drake (1978) studied brain stem evoked
potential to clicks at different intensity |level (60, 70 and
80 dB) in a group of 70 nornally hearing subjects (nale and

femal e) for each of decades fromthe second to the eight.

The result indicated that there was no increased in
| atency as a function of age. In femal es | atencies were
shorter than mal es subjects of all ages. The anplitude were
reduced i n case of older subjects. The tendency for anplitude
todimnish with age, until in the 8th decades 50%of cases
had an anplitude of greater than and equal 0.20 /uV and 50%
of less than 0.20 /uV. They specul ated two possi bl e expl ana-
tion about the cause of the anplitude dimnition wth age.
Lack of synchrony between individual responses fallow ng indi-
vidual click stimuli. The nean latency of wave V fromtri al
to trial and subject to subject did not show very great changes
SO it is necessary to postulate a greater scatter of individua
response | atency, and thuspoor syncrhony wth increasing age.
| ncreased tissue inpedance nmay have played a part in the dimni

of anplitude in the ol der subjects.

Keith, Gaville (1987) reported in high frequency | osses
wave Vis delayed at lowintensities. Wave | tends to be del ay
at different intensities and by a greater anount than wave V.
The |-V interpeak |atency interval is often reduced with the

effect maxi mal at higher intensities.
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Von Wedel (1979) reported the percentage differences between
young and ol der subjects which shows a decreasi ng wave occurrei
with grow ng age. There will be an absence of the II, IIl and
V wave conplexes with increasing age at low intensity |eve
(30dBHL). There was growi ng wave |atency with age. The
anpl i tude val ues show no significant age dependency. He

concl uded that a reduction 6f excited nerve fibers and reduced
transport processes, in all regions in the pathway up to the

nucl eus of the lateral |emiscus with grow ng age.

M ddl e | atency conponents: Mc Randle, Smth and Gol dstein,

(1974), oldstein and M Randle (1976), Mendal et. al., (1977)
have reported that there is little difference between adult
and infant norphol ogy for mddle conponents, as a function of
intensity, or rate of stinmulus presentation. Neonates
denonstrate slightly shorter latencies and smaller anplitude
than do adults. In hearing inpaired individual. M Farland
et. al., (1977), Vivionet. al., (1979) have found systematic
and reliable differences in the mddle |atency wave forns

conpared to normals at the sane suprathreshold intensity

| evel .

Linzi A Chiarelli G Sanbetaro G (1989) reported
changes in all their paraneters of mddle |atency response
(MR} of the elderly subjects deterioration of the
performance of waves, worsining of reproduclbillty [Iatency

shift of the single peaks with increased central conduction



time, remarkable inter and intra individual anplitude
variation. A significant shift in the absolute |atency

of waves, in particular of P, which appeared nost reliable
i ndex. For peak N,, a lower progression of the |atency

i ncrease was observed as a function of age, where as for
peak N, a wi de dispersion of data were denonstrated. The
shorter |atency of evoked potential sin the young femal e

was remarkably reduced in elderly subjects.

Lat e-| atency conponents: Mat uration and maturity affect

the latency of these conponents. They decrease in |atency
frombirth to about 10 years of age, and |engthen thereafter.
The amplitude increases in the childhood and then becones
stabl e, eventually decreasing w th advancing age (Callaway
and Hal liday 1973, Ellingson, et. al., 1974, Hunderson et.
al ., 1978b).

Long-l atency conponents : Latency of the P; conponents

has been found to increases as a function of age of subject

(Coddin et. al., 1978a)

Central Auditory D sorder

The hearing problem of elderly patients are exceedingly
conplex. In addition to loss in peripheral sensitivity
central auditory aging also exists in the ol der person.

The principal effect of peripheral sensitivity loss is a
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decrease in the ability to hear speech, the effect of

central auditory aging is a loss in the ability to under-
stand speech, especially in difficult listening situations.
Peri pheral effects reduce overall speech intensity but centra

effects restrict overall speech understanding.

Central auditory disorders and their resultant effects
have been studied with test batteries designed to eval uate
central auditory function at a specific |evel ofperfornance

(Jerger 1960, Jerger and Jergey 1975, Lynn and Glory 1977).

A typical test battery include neasures of neural
transm ssion in the brain stem pat hways, such as auditory
brai n-stem response (ABR) audionetry and tests of tenpora
| obe speech processing, such as a dichotic listening task.
(Duane et al., 1977, Starr and Achor 1975, Calearo 1957,
Ketz et. al., 1963).

Bot h hi st opat hol ogi ¢ and behavi oural studies suggest
that age-related changes in the central auditory system
occur as early as the fourth decade of age. (Bergman et. al .,
1976). Histopathologically changes includes loss in
neuronal popul ati on and accunul ati on of |ipofucin, a cyto-
plasm c material through out the central auditory system

Accurul ation of lipofusin in brain stem auditory nuclei begins

inearly mddl e age (Bondareff, 1977).
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Brody (1955) reported a reduction of nore than one
half in the cells of the superior tenporal gyrus (the
primary auditory area) over the age range from 20 years

to 75 years.

Behavi oural studies of 'sensitized (distarted speech)
materials al so suggest that central auditory aging begins

in the age decade 40 to 49 years.

Bergman (1971) evaluated the performance of subjects
ranging in age from20 to 80 years for a variety of speech
mat eri al s including unaltered speech, reverberated speech
Overl appi ng speech and interrupted speech. Performance for
all forns of distorted speech started to decrease in the
decade 40 to 49 years. Performance for unaltered speech

di d not show substantial decreanents, until 70 to 79 years*

Konkle et. al. (1977) found a difference in performance
for time conpressed, nonosyllabic words of over 20 percent
bet ween subject of the average age 57 years and 78 years.
The difference in performance between 57 year old subject
and 21 year old subject was |less than 20 percent. The
performance changed less in the 86 years span from 21 to 57 yea

than in 20 years span fromage 57 to 78 years.

Gaeth (1948) observed a disproportionate |loss in

intelligibility for cormon words in hearing inpaired subject
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age 60 and ol der. This phenonmenon was nost prevalent in
subjects with noderate to severe hearing |osses, but it

was al so associated with advanci ng age,

Pest al ozza and Shore (1955) showed that perfornmance for
nonosyl | abi ¢ phenami cal ly bal anced (PB) words for subject
age 60 years and higher was 20%to 40% poorer than perfor-
mance of subject age 50 years and younger, in spite of

control for degree of sensitivity |oss.

An increase in speech understanding ability w thage
is not the result of peripheral hearing loss. 1In spite of
rigorous control for sensitivity loss elderly subjects
continued to exhibit a disproportionate |oss in speech

intelligibility.

Jerger (1973a) studied single word intelligibility
as a function of age with hearing loss constant in 2000
patient ranging in age from6 to 89 years. He found at
any |l evel of sensitivity |oss, there was a systematic

decrease in performance for PB words with increasing age.

Cal earo and Lazzaroni (1957) reported that altering
speech rate severely affected speech understanding ability
inthe elderly. They presented sinple sentences of appro-

ximately two and one half tinmes faster than the normal rate.
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Young subj ects showed no performance decrenents in this
condition, but elderly subjects exhibited a decrease in

perf or mance.

Bergman (1971) found deterioration of performance for
tenmporally distorted speech material in subjects aged 40 to
49 years and ol der. He used a nunber of speech materials,

i ncluding unaltered, overlapping and interrupted words and
sentences. Performance for all material decreased as a
function of age, but decreanment were greater for interrupted

speech.

Konkl e et. al. (1977) observed that intelligibility
for tinme conpressed, nonosyll abic words decreased as a
function of increasing tine conpression and age and decreasing
sensation level. In spite of strict control for degree of
sensitivity loss, the performance of subjects age 54 to 84
years systematically decreased as age increased. They
concl uded that "changes in speech intelligibility associated
with the aging process appear to be closely allied to changes
in tenporal resolving power of central auditory processing

system "

Speech under st andi ng declines progressively with age. It
has been assuned that this decline could be explained by
the concomtant progressive decline in the auditory sensiti-

vity with age. In recent years sone investigators have
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suggested that at |east a part of decline nmay be the result
of age related changes in the central auditory system rather

than in the auditory periphery.

Several investigators have reveal ed poor performance
anong the elderly on neasures of speech understanding
involving tinme altered speech (Bergman, Blunfild 1976,

Konkle et. al., 1977, Mc Croskey et. al., 1982, Schmtt

and Corrol, 1985) and sentences agai nst a background of
speech conpetition (Dubno et. al., 1982, Jerger et. al.,
1977a, Mc Candl ess 1982). Such deficit in speech understand-
ing are not confined, however, to the elderly. Simlar
finding has been noted in patients with focal brain |esions
affecting the auditory pathway sin the central nervous
system The nature of central auditory processing disorder
(CAPD) in such patients is a deficit in speech understand-
ing that cannot be explained on the basis of peripheral
sensitivity deficit (Jerger and Jerger 1984). Simlarity

in the patterns of result between brain |esioned and

elderly individual has led to the hypothesis that age rel ated
changes in the central auditory pathways produce central

audi tory processing disorder (CAPD) in the sane manner as
known lesion of the central auditory system (Heyes and

Jerger 1979, Stach et. al., 1985).
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Thi s hypothesis is supported fromthe evidences of
progressive structural changes in central auditory
systemw th increasing age. Histopathologic and norpho-
| ogi c studies have denonstrated age related alteration in
the auditory nerve and the central auditory pathways at
both the brain stem and tenporal |obelevels (Schuknecht,

1974, Hinchcliff 1962, Corso 1977).

The senescent changes are not only confined to
the auditory system There is considerable evidence that

certain cognitive abilities declined progressively with age

as well (Salthouse 1985). Age related decline have been
observed in working nmenory, episodic nenory and speed of

i nformation processing.

The age related deficits in cognitive abilities m ght
explain nuch of the age related decline in speech under-
standi ng. The performance on speech audi onetric neasures
depend on such factors as nenory, senentic know edge,
per ceptual organization and attention, deficit in these
areas m ght explain the depressed speech audionetric scores
whet her elderly patients with deficit in speech understand-
ing do show related cognitive deficits that m ght explain
poor performance on tests of speech understanding. There
may be three explanation for the decline in speech under-

standing with age. Firstly, the age related changes in the
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audi tory periphery could account for changes in speech under-
standi ng (Johnson and Hawki ng 1972, Mdel 1981). Secondly,
aging in the central auditory pathways |leads to a specific
central auditory processing deficit whose inpact on speech
understanding add to the problem produced by peripheral
sensitivity loss. Thirdly, possibly is that deficit in
speech understandi ng not explicable by peripheral sensitivity
| oss m ght be expl ai ned by conconitant changes in those
cognitive abilities inportant to tasks involved in nmeasures

of speech understandi ng.

Jerger et. al.(1989) studied the auditory and cogni -
tive status in 130 elderly persons in the age range from
51 to 91 years. The preval ence of central auditory proce-
ssing disorder was 50% and the prevel ance of cognitive
deficit was 41% Results in the two areas were congruent,
inonly 63%of the total sanple. Central auditory status
was abnormal in the presence of normal cognitive function
in 23%of the subjects. Central auditory status was
normal in the presence of cognitive deficit in 14%of the
subjects. In general, results did not support the hypo-
thesis that declines in speech understanding in the elderly
can be explained as a consequence of conconitent cognitive

decl i ne.

| ndi an St udi es:

Kapur (1967) surveyed the hearing sensitivity in Todas

a tribal population living in the hilly regions of Nilgiris.
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This tribe had m nimal exposure to noise, they neither used
weapons |like guns for hunting, nor did they use any nusica
instruments for entertainment. Hearing neasurenments were
conducted in a nobile/anbul ance, w th anbient noise |eve

of 40 dB (C scale). Total nunber of subjects included, 50

mal es and 43 femal es, of age ranging from6 years to 70 years.
The analysis of the results reveal ed normal hearing in 74%
and hearing loss in 26%of the test population. O the
latter, 25%had conductive loss and only 1% manifested

sensorineural hearing | oss.

To study the characteristics features of presbycusis
Kapur (1967) collected once nore sanple conprising of 31
mal es and 29 females. The value given by Qorig et. al.,
(1957) for the 10 to 19 years age group, was used as
reference zero and data were anal ysed. The anal ysis of
data revealed a slight elevation of threshold with age,
in mal es but not observed in females. The changes in
threshold in mal es was maxi numat 250 Hz, 500 Hz, 6000 Hz and

8000 Hz. The general trend reveal ed better mean bearing |evel

in femal es, conpared to nmales at all frequencies except at
2000 Hz. Analysis of nedian threshol ds, reveal ed better
hearing in females at all frequencies except 2000 Hz & 8000 Hz
Conpari son of nmedian threshold of nmale and fermale Todas wth
Mobaans, reveal ed better hearing in Todas, at all frequencies
except at 6000 Hz in nmale and female. The findings of the

above study cannot be accepted w thout reservations as the
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criterion used for the selections of subjects for presbycusic
study has not been specified. The statistical neasures

enpl oyed are not specified and the conclusion are based on
anal ysis of nmeans and nedian values. This being a field
study the finding are not conparable to strictly controlled

| aboratory studies.

Seth and Kocker (1971) assessed the |evel of hearing
in a sanples of 100 subjects, ranging in age from 5 to 77
years. The subjects for the study conprised of student
popul ations and patients visiting the out patient sections of
the All India Institute of Medical Sciences, New Del hi and
the relative of the patients. The criteria used for selection
was a negative history of ear pathology, conplaint of hearing
| oss or dizziness. Hearing neasurenent were conducted at 8
frequencies 125 Hz to 8000 Hz in both ear of each subjects.
The subjects were categorised into 8 age groups, wth a
class interval of 5 years. The result of the study, reveal ed
a gradual increase in the loss of hearing with increasing age
especially after fourth decade of life. The hearing |oss was
nore marked at high frequencies while the speech frequencies

were preserved. This study has a nunber of drawbacks. The

criteria for selection of subjects was very |ess. Exposure
to noise, which exerts the nost contam nating influence on

presbycusi s val ues, has not been ruled out in the study sanple.
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As a majority of subjects were fromthe patient popul ations,
the influence of other ailnents on hearing is probable. Thus
t he val ues obtained do not reflect purely the effects due to
aging. The nunber of subjects has not been naintained
constantly in the various age groups. Only data for the two
age groups (11 years to 20 years) and (61 years to 70 years)
were anal ysed, in detail, and for all others only nedian and
rays was conputed. The statistical nmeasures enployed has
not been specified, and all the conclusions are based on

medi an threshol d val ues for each group.

Babu Punnan (1976) has nmade an attenpt to study the natur

and degree of hearing loss in the aged popul ation. He

sel ected a sanple of 100 subjects of age ranging from 35
years to 74 years fromthe attendants of patients, reporting
at a speech and hearing centre. The subjects were categorised

into 4 age groups, conprising of 25 subjects in each. Al
the subjects were otologically screened prior to testing.
Heari ng nmeasurenents were conducted in a sound treated room
at frequencies ranging from 250 Hz to 10,000 Hz at octave
intervals for both the ears. The analysis of date reveal ed
a gradual increase in hearing loss with age and frequency.
The onset of hearing |oss was reported to be earlier by about
5 years conpared to western reports. Thi s study has a nunber
of limtations, which Iimts its applicability. First apart

from otol ogi cal screening, the criteria used for the selection
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of subject and the six representations of the sanple has not
been specified. These two factors are nost inportant, as they
have a significant effect on the age rel ated changes of hearing
acuity. The only statistical measures reported in the study
are the nmean, mnmedian and standard devi ation scores. Details
of the statistical analysis has not been given. The utility

of the study is limted due to inadequate statistical analysis.

I ndrani R (1981) studied the age and sex variation if
any, in hearing by air conduction , anong a group of subjects
I ndian nationality, A sanple of 180 subjects of ace ranging
from 10 years 6 nmonths to 87 years were selected randomy fron
t he general population. The sanple was categorised into six age
groups (10.6 yrs to 20.6 years, 20.6 yrs. to 30.6 yrs.,
30.6 yrs to 40.6 yrs, 40.6 to 50.6 yrs., 50.6 to 60.6 yrs.,
and 60.6 yrs. and above). Background information to rule out
the history of mddle ear pathology, ototoxicity, noise
exposure was obtained for each subjects. Air conduction
pure tone autionetry testing and inpedence autionetric
testing was done for each subject in sound treated room The
results obtained were as follows: Hearing threshold increased
as function of age. The six differences in thehearing
acuity was not significant across nost of groups and frequen-
cies. In the age group of 50 years 6 nonth to 60 years 6
nonths a significant six differences was obtained at 500 Hz.

only in the left ear. The dependency of hearing acuity on
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frequency was nost marked in the ol der groups conpared to the
younger age groups. The ear differences was not found to be
statistically significant. The variables was found to be nore

at high frequencies and in older age groups.

Kri shnanmurthy (1987) conducted the study to exam ne the
changes in latencies and anplitudes in the geriatric popu-
lation with near normal hearing. Ten subjects (7 male and
3 female) with age ranging fromb52 to 71 years were taken for
the study. These subjects were tested for brain stem evoked
responses (BSER) using evoked response audionetry (ERA)
nodel TA-1000 at 80 and 100 dB logon stimuli for 2, 4 and 6 KH
in right ear for 2048 sanples at the rate of 20 stimuli/second;
The latency (in nms) and anplitude in (uV) of each identifiable
waves (I through V) were obtained for all the subjects. The
resul ts obtained were as foll ows. There was an increase
in latency in all the five waves as the intensity of the
stimulus was reduced from 100 to 80dB Hz. The increase in
latency of all the five waves was greater than 0.2 ns. at
2, 4 and 6 KHz when the stinulus was reduced from 100 to
80 dB Hz. The | atency values obtained in the geriatric
popul ati on were |onger than those obtained in the adult
popul ation. The over all latency differences exceeds 0.1 ns.
More than 50% of the cases showed small (less than 0.2 /uV)

anplitude in the geriatric group. Anplitude values of | and |

waves obtained in the geriatric group were smaller than those
obtained in the adult group (at both 80 & 100 dB Hz | evels).
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MVETHODOLOGY

The net hodol ogy of the nresent study is described

under the follow ng headings.

=

Subj ect s

2. Test environment
3. Equi prent
4

Pr ocedur es

SUBJECTS: Total fourty subjects with equal nunber of

mal es and fenmales (5 male and 5 female) in four age groups
i.e., 20 to 29 years, 50 to 59 years, 60 to 69 years and

70 to 79 years were selected for this study. Al the subjects

reported no difficulty in conversation in quiet environnent.
The subjects were selected based on the follow ng
criteria:

1) They should not have any history of hearing |oss, chronic
ear discharge, tinnitus, giddiness or any other otol ogical

compl ai nts.
2) They should not have famly history of hearing | oss.

3) They should not have any history of epilepsy or other

neur ol ogi cal conpl ai nts.



4) They should not have history of noise exposure and
consunption of ototoxic drugs i.e., streptomycin,

kananyci ne, neonyci ne, etc.

5 At the tinme of study they should not be under any

medi cat i on.

TEST ENVI RONVENT: The experinment was carried out in

sound treated control cumtest room conbination. The

noi se neasured using sound level neter (B & K 2209) coupl ed
with an 1/2" condensor m crophone (B& 4165) with the asso-
ciated octave filter set. The noise level were found to be

sufficiently low as not to interfere with the test results

(Appendix - 3 ) .

EQUI PVENT: For the purpose of obtaining pure tone thres-
hol ds, a dual channel clinical audioneter (Madsen OB 822)
W th ear phone (TDH 39) set in supreoural cushions (M 41/ AR)

was used for all the subjects.

An i npedence audi oneter (Madsen ZO 174) equipped with
ear phones (TDH 39) set in supraaural cushions (M 41/ AR) was

used for inpedence neasurenent. The

Auditory brain stem responses was r-corded using

evoked response audioneter (N colet conpact auditory system).



Calibration: The audioneter was caliberated for pure tone

and speech noises as per 1Sl (1973) standards. Prior to
each test session. Details of calibration procedures given

in appendi x- C .

PROCEDURE: A detail case history was obtained in quite

room before going under audiol ogical investigation.

Pure-tone Testi ng: Pure-tone threshol ds wer e obtai ned

using the nodified Hughson-Westl| ake procedure (Carhart and
Jerger 1969). The pure-tone threshol ds were obtained for
frequencies ranging from250 Hz to 8000 Hz at octave intervals.
Threshol ds for air conduction were obtained for both right

and left ears.

Prior to the comencenent of the testing, the instruction

given to the subject were as follows:

"I amgoing to test your hearing by presenting different
ki nds of tones to your ear, throughthe earphones. First the
tone will be presented at the level you can hear well. As
soon as you hear the tone, raise your finger and hold it up
as long as you hear the tone. As soon as you stop hearing the
tone, put the finger down immediately. The |evel of the tone

wll be varied each tinme. Even if you think, you hear the
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tone, you should raise your finger. |If you don't hear the

tone, don't raise your finger.

| npedance mneasur enent: For each subject, Tynpanogram

Static conpliance and acoustic reflex threshold were obtained,
for both the ear. Tynpanogram was obtained with a 220 Hz
probe tones for the both ear of the subject. Static conpliance
readi ng were noted down fromthe direct display on inpedence
audi oneter (Madsen ZO 174). The both ipsilateral and

contral ateral acoustic reflex threshold were nmeasured for

frequencies ranging from500 Hz to 4000 Hz at octave interval.

Audi tory brain-stem response: Ni col et conpact auditory

system was used for recording the auditory Brain-stem
responses (ABR). Cotton soaked in rectified spirit was
briskly rubbed to clean the skin area where the el ectrodes
are to be placed. The electrodes were placed with hel p of
el ectrolyte gel. The adhesive plaster was used to hold the
el ectrode into firmcontact around. El ectrodes placenent
were as follows: -

Common was pl aced on forehead (FPz)

Positive waspl aced on vertex ( Cz)

Negative was placed on each mastold (R ght A2; Left Al )

El ectrode inpedence was neasured before the recording
of auditory brain stemresponces. All the el ectrode inpedence

should be Iess than 5 K ohns at each point. The subject was



59

asked to sit in reclining position confortably on a chair.
Subj ects were instructed to relax and close his/her eyes.
The stimuli clicks were presented through TDH 39 ear phone

in a MX 41/ AR cushion. The clicks were presented at rate

of 11.4/Sec. for 2000 sweeps at 75 dB stinmulus intensity and
responses were recorded. The filter setting 130 Hz (LFF)
and 3000 Hz (HFF) were used in this study. The obtained data
was stored on a disk and analysed latter. Peaks in the
conposite auditory brain stemresponses have been identified
visually and | abelled. The absolute |atency of peak I, I1I
and V and interpeak latency I-111, 1I1-V, 1-V and anplitude -

of Peak | and V have been neasur ed.
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RESULTS

In this chapter are presented the results of test-
pure tone inpedence and ABR. Results are presented in
tabular form- nmean, standard deviation and statistica

anal ysi s of data.

Pure Tone Audionetry:

Dat a was collected for air conduction pure-tone
t hreshol ds for 40 subjects (rmale and female) in the four
age groups i.e., 20 to 29 yrs., 50 to 59 yrs., 60 to 69
yrs., and 70 to 79 yrs for both right and left ears, at
seven test frequencies; 250 Hz to 8000 Hz, at octave
intervals. This data was subjected to statistical analysis.

Measures of central tendency (nean) and variability (stand-

ard deviation) were conputed for each age group, for each ear,

at all test frequencies for both nale and fenal e subjects.
Mean val ues were conputed for plotting the audionetric

curves. These results are given in Table No.l to 4.

The 't' test was anplied at each frequency for al
the age groups to determ nes and conpare the age differences,
sex differences and their interaction effects on hearing

acuity. These results are presented in Table No. 5 to 7.
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The audi onetric profiles for nales and fenmal es, for
all age groups was prepared by plotting the nean threshol d
val ues for the respective age groups as a function of
frequency. The profiles for the right and left ears are given

separately. (Fig- 1- 8)

The anal ysis of data are given bel ow. -

Age Vari ation:

The nean hearing thresholds are presented in table
1-4, reveal an increase in hearing threshold in the ol der
age groups conpared to the younger group (control group)
for both male and fermale in both the right and left ear,

in the whole sanple.

The variability, conputed from standard devi ati on
reveal ed greater variability anong the ol der groups conpare
to the younger age group for both male and fenmale in both

t he ear.

The audionetric profiles conprising age curves and
frequency curve, also shows an increase in hearing threshold
With an increase in age in the geriatric age group and the
increase in hearing threshold is maximally at higher
frequencies (4 KHz, 6 KHz, 8 KHz) for male and fenale in
both the ear, which is manifested by a horizontal and
vertical shift in the audionetric centres for the whole

sanpl e.
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The 't' test conputed, at each frequency for right
ear, for both males and femal es for each age group reveal ed
a statistically significant age difference on hearing
acuity for all the three older age group (50-59 yrs., 60-69
yrs., 70-79 yrs.,) conmpared with the younger age groups
(20-29 yrs). That is, a significant increase in the hearing
t hreshol d was observed with age, across 611 frequencies in

the right ear for both nales and fenal es.

Sex Vari ation:

The maxi mum hearing |oss was at 8000 Hz for both nales
and females. The increase in hearing threshold in fenales
was nore conpared to males, at |ower frequencies, but at
hi gher frequencies the increase in hearing threshold was nore

in mal es conpared to the females (Table No. 1 to 4).

The standard deviation al so showed an increase in
variability with an increase in age in both males and

f emal es.

The audionetric profiles (Fig. 1-8) conprising age
curves and frequency curves for nmales and fenal es, does not
show, a consistent sex differences, across frequencies and

age groups.

The 't' test conputed also failed to reveal a stati-
stically significant sex differences at each frequency in

all the age groups in the right ear. There was no
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statistically significant difference observed between male

and female for all the frequencies.

Frequency vari ati on:

The nean hearing thresholds, at the test frequencies,
showed a nore marked increase in the hearing level, wth
i ncreasing age at higher frequencies, conpared to |ower

frequenci es.

The variability, commuted fromthe standard devi ation
revealed an increase in variability, substantially with an

increase in frequency (Table 1-4).

The frequency curves for the various age groups, al so
shows a prom nant, high frequency slope for both nales
and females, in both right and left ears in the ol der age

gr oups.

The hearing acuity, was observed to very nore as a
function of frequency in the older age groups conpared to

t he younger age groups.

Ear Di fference:

The mean val ues conputed for the two ears, in all the
age groups and at each test frequencies failed to reveal a

consi stant ear difference.

The graphical representation of the scores for the

two ears, was not very different for the right and left ears.
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The results were not further conputed for statistical
anal ysis to observe sex differences also the results were
not further conputed for a statistical analysis to observe
age differences, sex differences and the frequency diffe-

rences for the left ear.

| npedence Audi onetry

On inpedence audionetry data was collected for static
conpl i ance, tynponenetry and acoustic reflex threshold
for all 40 subjects in four age group conprising 20 to 29 yrs.
50 to 59 yrs., 60 to 69 yrs., and 70 to 79 yrs, for both
right and left ear. Ipsilateral and contral ateral acoustic
reflex threshol ds were obtained for 500 Hz, 1000 Hz, 2000 Hz,
and 4000 Hz . This data was subjected to statistical analy-
sis. Measure of central tendency, mean and standard
devi ati on was conputed for each age groups for each ear for

both nmale and fenmal es.

The 't' test was applied for each neasure i.e. static
conmpliance and acoustic reflex thresholds at (500, 1000,
2000 and 4000 Hz) for all the age groups to determ ne and
conpare the age differences, sex differences and their
interaction effect on hearing acuity. Tynpenogram in both
the ears showi ng' A'type was taken for other inpedance

nmeasurenments. Al the forty subjects had type 'A tynpanogram



in both the ears.

Static conpliance:

The nean val ue of the static conpliance presented in
the table-15, reveal a decrease in the static conpliance
i n ol derage groups conpare to younger age group, for both
male and fermale in both the right and left ears in the

whol e sanpl e.

The standard deviation revealed greater variability
anmong the ol der groups conpare to the younger age group

for both male and fenales in both the ear.

The 't' test conputed for each group of nmales and
females for the right and left ears revealed no statisti-
cally significant age differences. Al so there was no
statistically significant difference found between nale and
femal es and between the two ear on static conpliance

nmeasur es.

Acoustic Reflex Threshold

Age vari ation: The nean val ue of acoustic reflex threshol ds

presented in Table-g-11, reveal an elevation (Increase) in the
ipsilateral and contral ateral acoustic reflex thresholds in
ol der age groups conpared to younger age group (20 to 29 yrs)
for both male and fermale in both the right and left ears

except at 500 Hz.
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The standard deviation reveal ed that there was not
much variability among the ol der age groups comared to

the younger age group.

The 't' test done at each frequency (500 Hz, 1000 Hz,
2000 Hz and 4000 Hz) for the right ear for each age groups
both ipsilateral and contralateral acoustic reflex threshold
for both males and femal es revealed a statistically signi-
ficant age difference on acoustic reflex threshold in ol der
age groups (70 to 79 yrs) conpared with younger age groups
(20-29yrs).

That is a significant increase in acoustic reflex thres-
hol d was observed with increasing age, across all four test
frequencies (500 Hz, 1000 Hz, 2000 Hz and 4000 Hz) in right
ear for both males and females. However, there was no
statistically significant difference found anong the various
age groups for females on ipsilateral acoustic reflex

threshold at 1000 Hz.

Sex differences

Both ipsilateral and contral ateral acoustic reflexes
were absent at 4000 Hz in both the males and the females in

the ol der age groups.

The variability, conputed from standard devi ation
reveal ed not nuch variability anong the ol derage groups

conpared to the younger age groups.
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The 't' test conputed, also failed to reveal a stati -
stically significant sex differences between nmale and
female for ipsilateral and contral ateral acoustic reflexes
at each frequency for both younger age group and ol der age

gr oups.

Frequency Vari ation

The nean ipsilateral and contral ateral acoustic reflex
threshold at the test frequencies showed a nore nmarked
el evation in acoustic reflex threshold with increasing age

at all the frequencies.

At 4000 Hz both ipsilateral and contral ateral reflexes

were found absent in the older age groups.

No significant differences was found at 500 Hz for
both ipsilateral and contral ateral acoustic reflex thresholds
for both male and fenal e subjects between ol der subjects
conpared to the younger subjects. At 2000 Hz, statistically
significant difference was found on ipsilateral and contra-
| ateral acoustic reflex threshold for both sexes in the right
ear for older age groups 50 to 59 yrs, 60 to 69 yrs and 70 to
79 yrs. as conpared to the younger age group (20-29 yrs).
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Ear differences:

The nean val ues conputed for the two ears, in all the
age groups and each test frequency, failed to reveal a
consistent right and left ear differences on both ipsilate-

ral and contral ateral acoustic reflex threshol ds.

The results were not further conputed for statistica

analysis to observe ear differences.

Brai n-stem Evoked Responses

Brai n-stem Evoked Response data was collected for
di fferent peaks latencies (I, IIl and V) and inter peak
latencies (I-111, 111-V, 1-V) and anplitude for | and V
peaks. For all 40 subjects in four groups, conprising
20 to 29 years, 50 to 59 years, 60 to 69 years and 70 to
79 years, for both right and left ear, each tested for
click stinmuli at 75 dB nHL (using 11.4 stinuli(click)/sec).
This data was subjected to statistical analysis. The neans
and standard devi ation was conputed for each age groups,
for the both ear (right and left) for both males and

f emnl es.

The 't' test was applied for different peak |atencies

(I, 1l and V) interpeak latencies (I-111, 1Il1-V, I_V) and

anplitude for | and V peaks for all the age group to determ ne
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and conpare the age and sex variation. On different peak

| at enci es, interpeak |atency and anplitude.

The anal ysis of the data has been given bel ow

Age Vari ation on Latency:

The nean latency for peak I, 11l and V presented in
table 18-21 , reveal an increase in latency in ol der age
groups conpared to younger age groups for both nmal e and
femal e, except the nean |atency for peak V was greater
for female in the right ear in age group 50 to 59 years,

conpared to age groups 60 to 69 and 70 to 79 years.

The standard deviation reveal ed greater variability
anong t he ol der groups conpared to the younger group for

bot h sexes.

The ' t' test conputed, for the different peaks, for
right ear, for both nales and femal es, for each group reveal ed
statistically significant age differences (at .05 level) for

all the three peak latencies (I, 11l and v) for all the three
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ol der age group (50-59, 60-69 and 70-79 yrs) groups conpared
to the younger age group (20-29 yrs). However, there was no
significant difference for | peak |atency between age groups
50 to 59 years and 60 to 69 years conpared to younger group
(20-29 yrs) for females.

For males no significant difference for peak | [|atency
was found between ol der age group(50 to 59 yrs) conpared to
younger age groups (20-29 yrs) also no significant difference
was found for latency of peak V in fenale, between ol der age

group conpared to younger age group.

The nean |atency for peak V was |esser for females

with males for all the age groups.

Sex difference

The nmean |atency val ue for peak V was considerably [|onger

for nmale than the female for the all age groups.

The variability conputed from standard devi ati on reveal ed
greater variability anong ol der groups conpare to the younger

groups for both/dale and fenual e.

The 't' test conputed failed to reveal a statistically
significant sex differences for | and IlIl peak |atency for

all the age groups for the right ear.
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However, the 't' test revealed a statistically significant
sex difference for peak V |l atency, except the 50-59 yrs. age

groups.

For peak V latency, a statistically significant diffe-
rence was found anong feral es of ol der age groups conpared
with the younger age groups. However, statistically no
significant differences was found on peak V | atency anong

mal es of ol der age groups conpared with younger age group.

Age vari ati on:

I nter-peak | atency:

The nean interpeak |atency value for I-1I11, IIl-V and
|-V are presented in table. 18-21, does not reveal any
consi derabl e changes in the ol der groups conpared to the

younger group.

The 't' test conputed, for interpeak |latency (I-111
[11-V and 1-V) revealed no significant age differences for

all the older age groups conpared to younger group.

Sex differences in Inter-peak |atency:

The nean interpeak latency of I-111, I11-V and |-V
presented in the table, reveals a greater differences in
males than in females i.e., nean interpeak latency (I-111, 11
V, 1_V) was considerably greater for male than fenmale for all

the age groups.
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The '"t' test conmputed for interpeak latency (I-I11,
I11-V, 1-V) revealed no significant sex differences for
all the age groups except 60-69 yrs. age group for 1-V

inter peak latency, conpared to younger age 20-29 yrs.

Age variation in Anplitude

The mean anplitude val ue for peaks | and V presented
inthe table, 1821 reveal a lower anplitude value for the
ol der age groups conpared to the younger age group i.e.
a decrease in anplitude value as the age increases was

observed.
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DI SCUSSI ON

The results of the present study are di scussed al ong

the followng |ines.

Acre vari ati on

Pure tone Audi onetry: The results obtained in the present

study revealed an increase in hearing thresholds in ol der
(geriatric) age groups (experinental group - 50-59, 60-69 and
70-79 yrs) conpared to younger age group (control group -
20-29 yrs) in both male and femal e. The onset of hearing

| oss, as a function of age occurred in the 5th, 6th and 7th
decade of life for bothmale and female. The el evation of
hearing thresholds was nore marked in 7th decade conpared to
Sthand 6th decade of life for both male and female. This
general findings is in agreement with findings of nost of
several other studies. (Carso 1963; Coetzinger 1961, Satal off,
1966, G orig and N xson 1962, Burn 1968, M| ne 1977, Punnan
1976, Indrani 1981, Padersonet. al., 1989).

The results also revealed a statistically significant
age difference on hearing threshold for geriatric (ol der

age) groups conpared with the younger age group.



Satal of f (1961) reported the incidence of hearing
loss in the elderly population is significantly high and
the nost comon cause of hearing loss is presbycusis or
the loss of hearing due to the aging process. Bunch (1931)
reported a change in hearing sensitivity, as reflected by
the pure tone audiogramis the alternation in auditory
function associated with aging process. He also reported
gradual |y, progressive reduction in hearing sensitivity
begi nning at about age of 30 years.Corso (1963), also reported
onset of hearing loss in 3rd decade. Since in the present
study the geriatric (older age) group was taken about the
age of 50 years, the reduction in hearing threshold beginning

in 3rd and 4th decade is not reported.

Berger et. al. (1977) reported presbycusic deficit in many case
is gradually sloping, gradually progressive, high frequency
sensorineural hearing loss. The loss increases at first and
their accelerates nore rapidly with increasing ages,

especially for the higher frequencies. The present study
result shows the simlar type of findings. Punnon (1976)

and Indrani (1981) also revealed a deterioration in hearing
acuity with increasing age. This finding is in agreenent

with the findings of the present study.
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| npedance audionetry

The results obtained on static conpliance in the present
study revealed a slight decrease in static conpliance in
the geriatric (older age ) groups conpared to younger age
group for both males and fermal es. However, the results
reveal ed no statistical age related differences for both
mal es and females. The finding is in agreement with the find-
i ng of several other studies. (Jerger et. al., 1972, Hall,

1979).

Jerger et. al. (1972) reported a systematic decline
in static conpliance with advancing years. Static conpliance
i nvol ved the neasurenent of the conpliance of mddle ear in
its resting or static state by determ ning the volume of air
that has a conpliance equivalent to that of the mddle ear

system

Al bert et. al. (1972) reported m ddl e ear system becones
increasingly conpliant up to mddle age and then stiffen with
further advance in age. Hall (1979) reported that the static
conpl i ance val ues was maxi mumbetween 31 and 40 years of age
and then decreases relatively systematically with increasing

age.

The results of acoustic reflex threshold neasurenent
reveal ed an elevation in both ipsilateral and contral atem
acoustic reflex threshold in the geriatric (older age) group

conpared to the younger age group. Both ipsilateral and
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contral ateral acoustic reflex threshold revealed a stati-
stically significant age differences for both males and
femal es in the older age group (70-79 yrs) conpare to
younger age group (20-29 yrs). This finding is in agree-
ment with the findings of other studies (Jerger et. al.,

1972, Jerger et. al., 1978, Margolis, 1978).

Thonmpson et. al. (1980) reported growmh in anplitude
of the acoustic reflex to filtered noise and tones of GOO Hz
1000 Hz and 2000 Hz in 30 persons ranging in age from20 to 79
years. Although threshold of the acoustic reflex did not
vary significantly across the age range of the subject sanple,
the rate of growth in anplitude decreased linearly with an
increase in decade. The result of this study does not support
the result of the present study, the variability may be due
to the different types of stinmuli used to elicit the acoustic

refl ex threshol ds.

Brain Stem Evoked Response:

The results obtained revealed an increase in the
|atency for peaks I, I1l and V in older age group conpare to
younger age group, for both male and feral e subjects.
However, the nmean |atency for peak V was greater in age group
50 to 59 years old conpared to other ol der age groups (60
to 69, and 70 to 79 yrs). There is an increase in |atency

with increasing age. A statistically significant age difference
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(at .05 level) was observed for the latency of the peak I
Il and V, for all the older age group conpared to younger

age group.

The general findings of the present study is in
agreement with the findings of several other studies (Coats
and Martin 1977, Rowe 1978, Thonpson et al., 1978, Jerger
et. al., 1980).

The results of the interpeak latency (I-111, 111-V
and I-V) of the auditory brain stemresponses reveal ed no
consi derabl e changes in ol der age group commare to younger
age group. Statistically no significant age differences

were found in the ol der age groups.

Oto and M Candless (1982) found that the |atency of
wave V was slightly longer fromthe elderly subjects than
for young ones. They found no consistant pattern of |engthe-
ned |atency due to aging, after conparing the interpeak
| atency differences between different age groups. The
present study supports the findings of Gto and Mc Candl ess
results. Information regarding the influence of age on inter-
peak latency is contradictory. |In contrast to the present
study, Rosinhaner et. al.,(1980) found that the I-V inter
peak | atency was constant and independent of hearing loss and
age. Also Maurizi et. al. (1982) found a significant prolon-
gation of the I-V interpeak latency in old persons with

-preshycusis indicating that age related changes involve that
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not only the end organs but also the brainstem structures.
Mol | er and Bl egvad (1976) reported sensorineural hearing |oss
affecting the high frequencies, results in a prolongation

of all auditory brain stemresponse wave |atencies. In the
present study, the absolute |atencies of the ABR waves (I,

1l and V) were longer in the group of ol der subjects than

in the normal hearing younger subjects, which nmay be the

result of sensorineural hearing |oss at higher frequencies.

Sex Vari ati on

Pure-tone Audi onetry:

A deterioration in the hearing acuity with age was
mani fested in both nales and fenal es. The poorest hearing
threshold was at 8000 Hz in both males and fenales of the

all age groups.

The increase in hearing thresholds was greater in
femal es conpared to mal es at |ower frequencies, but at
hi gher frequencies, the increase in hearing threshold was

greater in males conpare to fenales.

A statistically significant sex difference was not
observed at every frequency between all the older age groups
and younger group. This findings is in agreenent with the
findings of several other studies (Ms Cicki 1985, |ndrani

1981).
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Moscicki et. al., (1985) reported in epidermologic
study of the Fram nghom Heart Study Cohort. There were
no statistically significant sex difference at 1 KHz and
bel ow was observed. Wnen had significantly better

hearing than nmen at 2 KHz and above.

In contrast to the present study, Corso (1963) found
a significant sex difference in his study of U S. subjects
age ranging from 18 yrs to 64 yrs. The hearing acuity
in wonen was found to be nore acute conpared to that of
men. Also he reported that the differences between the
two sexes was nost marked at high frequencies, but present
study does not support this view  Sex differences was not

statistically significant in present study.

Sex differences in hearing acuity has been reported
in Todas, a primtive tribe in residing in the hilly
regions of Nilgiris in India. The female Todas were found

to have better hearing conpare to nmale Todas (Kapur, 19671

I ndrani (1981) found the age rel ated changes in hear-
ing seens to be common for males and femal es. The present
study finding in agreenent with the result of earlier

finding (Indrani 1981, Moscicki, 1985).
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| npedance Audi onetry

The results obtained on static conpliance in the
present study revealed , statistically no significant sex
differences for all the age groups. The present study
finding in agreenment with other findings (Jerger et. al.,
1978). Hall (1979) reported distinct sex differences in
static conpliance values at all age |evels except for
patient 60 years and ol der. Belowthe age of 30 years, static
conpliance val ues were slightly greater in the female
subject. For 31 to 60 year of age, however, the static
conpliance values for men were substantially greater.

Above age of 60 years, average static conpliance val ues for
men and wonen were conparable. The sex differences in

static conpliance to be nmore pronounced between 30 to 60 year
of age. Both nmen and wonen showed a systematic decline in
static conpliance beyond age of 30 years, which is attributed
to changes in mddle ear tissue nuscles and ossicles. The
results obtain on ipsilateral and contral ateral acoustic
reflex threshold revealed, statistically no significant sex
di fferences at each tested frequencies (500 Hz, 1000 Hz,

2000 Hz and 4000 Hz) for both younger and ol der age groups.

Both ipsilateral and contral ateral acoustic reflex
was absent at 4000 Hz in both the male and female in the

ol der age groups. (50-59 years, 60-69 yrs, 70-79 yrs).
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Jerger et. al., (1978) reported a gradual reduction
in acoustic reflex thresholds to tones of 250 Hz, 500 Hz,
1000 Hz, 2000 Hz in subject between the age of 20 to 59
years. The finding of present study is in agreenent

with earlier studies (Jerger, 1978).

Brain Stem evoked response

The nean | atencies of the waves I, 11l and V as well
as the nean inter peak latencies of I-1I1, I1l1-V and |-V are
significantly shorter in females than in nmales in younger
age group as well as in the older age group subjects. However,
statistically no significant sex difference was found for
| atency of peak | and peak 11l between the ol der age group
(50-59, 60-69, 70-79 years) and younger age group (20-29 yrs).
Al so, statistically no significant sex differences were
found for interpeak latency (I-111, 11I1-V, 1-V) between all
the ol der age groups and younger age group. A statistically
significant sex difference was found for peak V. Jerger
and Hall (1980) and Thonpson et. al., (1978) also reported
a shorter wave V latency in females than in males. The
result of the present study is in agreenent with Jerger
and Hall's study (1980). Sex differences in the auditory
pat hway |ength can play only a mnor role, as they do not
explain the increase in the latency difference between nale

and female in the geriatric popul ation.
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Frequency vari ation

Pure tone audionetry

A significant frequency variation on hearing acuity
was observed in the geriatric groups. The degree of
hearing inpairment with increasing age was nore at higher
frequenci es (above 2000 Hz) conpared to |ower frequencies

(bel ow 2000 Hz) .

This findings is in agreenment with the findings of seve-
ral other studies (Coetzinger 1961, Corso 1961, Punnon 1976,

I ndrani 1981).

Corso (1963) reported that the hearing acuity was
within 20 dB at | ow frequencies (250 Hz, 500 Hz, 1000 Hz,
1500 Hz) even in the the ol dest age group. The results of
the present study varies slightly fromCorso's (1963) findings.
In the present study the mean hearing threshold was |ess
than 35 dB at |ower frequencies than 2000 Hz in the ol der
age groups, and the nean hearing threshold was nore than 35 dB
at hi gher frequencies above 2000 Hz. 1In all the three age
groups (50-59, 60-69 and 70-79 yrs) slight involvenent of |ow

frequency was observed.

Fi el dnen and Reger (1967) obtained results simlar to
the present study findings. |In their study of subjects of
age 20 years to 29 years and 50-89 years , they found a high

frequency hearing loss in the 50-89 years age group.
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| npedance Audi onetry

The result of both ipsilateral and contral ateral
acoustic reflex threshold reveal ed a marked el evation
in threshold with increasing age at all the frequencies
(500 Hz, 1000 Hz, 2000 Hz). At 4000 Hz both ipsilatera
and contral ateral reflexes were absent in the older age
group. This is mainly due to a greater anount of hearing
| oss at 4000 Hz conpare to frequencies bel ow 4000 Hz. For
the test frequency 500 Hz, statistically no significant
di fference was found for both ipsilateral and contral ateral
acoustic reflex threshol ds between the ol der age groups
conpared with the younger age groups. At 2000 Hz, stati-
stically significant difference was found on ipsilateral
and contral ateral acoustic reflex thresholds in the right
ear for ol der age groups (50-59, 60-69 and 70-79 yrs)
conpared with the younger age group (20-29 yrs).

This findings is in agreenent with the findings of

several other studies (Hall and Jerger, 1980, Silnmen 1979).

Ear difference

In general, ear differences were not found in the
present study. There was not mnmuch variability found in
the mean pure tone thresholds and acoustic reflex threshol ds

at each frequency between the two ears. Therefore further
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statistical analysis was not conputed to see the ear diffe-
rences. This findings is in agreement with the severa

ot her findings (Corso 1963, Indrani 1981).
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Table 1: Mean and Standard Deviation scores at 250 Hz, 500 Hz

1000 Hz,

2000 Hz,

4000 Hz,

6000 Hz and 8000 Hz for

right ear of males of all age groups.
20-29 Yrs. 50-59 Yrs. 60-69 Yrs. 70-79 Yrs
(A) (A) (As) (A1)

250 Hz Mean 5 14 15 19

SD 3.16 6. 63 3.16 4,89

Mean 7 15 16 22
500 Hz

SD 2.44 7.74 2.20 8.12

Mean 4 20 17 23
1000 Hz

SD 2.00 7.74 2. 44 7.48

Mean 6 25 20 35
2000 Hz

SD 3.74 8.36 7.07 6. 32

Mean 12 44 36 53
4000 Hz

SD 2.44 15. 93 5.83 10. 77

Mean 9 49 54 66
6000 Hz

SD 2.00 14. 62 10. 19 7.39

Mean 7 54 59 70
8000 Hz

SD 2. 44 13. 56 10. 19 8. 36

Mean given in decibal (dB)
SD = Standard devi ati on



Table 2: Mean and Standard Deviation scores at 250 Hz,
500 Hz, 1000 Hz, 2000 Hz, 4000 Hz, 6000 Hz and
8000 Hz for right ear of fenale of all age groups.

20-29 Yrs. 50-59 Yrs. 60-69 Yrs. 70-79 Yrs.

(A1) A
1 ( 2) (AB) ((A‘l)
Mean 7 18 17 20
250 Hz.
SD 2. 44 2.44 5.09 7.07
Mean 6 21 22 25
500 Hz.
SD 3.74 5. 83 5.09 4. 47
Mean 6 23 20 25
1000 Hz
SD 2.00 4. 00 5. 47 6. 32
Mean 7 23 27 37
2000 Hz
SD 4. 00 4.00 8.71 4. 00
Mean 7 38 35 49
4000 Hz
SD 2. 44 10. 77 8. 36 6. 63
Mean 11 51 49 65
6000 Hz
SD 2.00 9. 16 8.60 5.47
Mean 10 54 54 73
8000 Hz
SD 3.16 10. 19 8. 60 8.71

Mean given in decibal (dB)
SD = Standard devi ati on.
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Table 3: Man and Standard Devi ati on scores at 250 Hz,
500 Hz, 1000 Hz, 2000 Hz, 4000 Hz, 6000 Hz,
8000 Hz for left ear of nale of all age groups.
20-29 Yrs. 50-59 Yrs. 60-69 Yrs. 70-79 Yrs.
(A) (A) (As) (As)
Mean 4 13 14 21
250 Hz op 3.74 4. 00 3.74 4.89
Mean 6 20 16 24
500 Hz
SD 3.74 6. 32 5.83 8.00
Mean 5 17 16 22
1000 Hz
SD 4. 47 8.12 3.74 6. 78
Mean 6 24 22 34
2000 Hz
sD 2.00 8. 60 5.09 8. 60
Mean 10 46 37 55
4000 Hz
SD 3.16 7.34 9. 27 9.48
Mean 9 54 49 70
6000 Hz
SD 2.00 10. 67 10. 19 9.48
Mean 10 56 58 74
8000 Hz (A1)
SD 3.16 11.57 9.27 .67

Mean given in decibal (dB
SD = Standard Devi ati on.



Table 4: Mean and Standard Deviation scores at 250 Hz,

88

500 Hz,

1000 Hz, 2000 Hz, 4000 Hz, 6000 Hz, and 8000 Hz for
left ear of female of all age groups.
20-29 Yrs. 50-59 Yrs. 60-69 Yrs. 70-79 Yrs.
(A1) (As) (A1)
Mean 9 21 15 22
250 Hz
SD 3.74 4. 89 5. 47 5.09
Mean 10 19 15 24
500 Hz
SD 3.16 5.83 3.16 5. 83
Mean 8 20 18 26
1000 Hz
SD 2. 44 4. 47 6.78 3.74
Mean 6 22 25 36
2000 Hz
SD 2.00 5. 09 9.48 5.83
Mean 10 39 34 50
4000 Hz
SD 3.16 8. 60 3.74 11. 83
Mean 10 49 49 65
6000 Hz
SD 3.16 6. 63 11.13 4,47
Mean 8 56 57 72
8000 Hz
2.44 9.69 8.12 5.09

Mean given in decibal (dB)
SD = Standard Devi ati on.
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Table 5: Showing the results of '"t' scores for sex diffe-
rences in right ear for pure tone threshol d at
250Hz, 5 00 Hz, 1000 Hz, 2000 Hz, 4000 Hz, 6000 Hz
and 8000 Hz of all the age groups between nal e and
femal e.

20-29 Yrs. 50-59 Yrs. 60-69 Yrs. 70-79 Yrs.
(A) (o) (As) (A1)

250 Hz. 1. 00 1.13 0. 66 0.23

500 Hz. 0.44 1.23 2.19 0. 64

1000 Hz. 1.41 0. 68 1.00 0.45

2000 Hz. 0. 36 0.43 1.24 0.53

4000 Hz. 2. 89* 0. 62 0.19 0. 63

6000 Hz. 1.41 0.34 0.74 0.21

8000 Hz. 1.50 0. 00 1.11 0. 49

* Significant at 0.5 level (2.31) for eight

degree of freedom
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Table 6: Showing the results of 't' test scores for Age
differences inright ear for nales, for pure tone
t hreshol d at 290 Hz, 500 Hz, 1000 Hz, 2000 Hz,
4000 Hz, 6000 Hz, and 8000 Hz between the ol der
age group (A, As, Ay and younger age group (A ).

AGE GROP

Ay and A, A; and Ag Ay and A4
250 Hz 2. 45* 4. 47** 3. 13*
500 Hz 1.97 5. 70** 3. 53**
1000 Hz 4. 00** 8. 24** 4. 90**
2000 Hz 4. 14** 3. 50** 7.87**
4000 Hz 3.97** 7.59** 7.42%*
6000 Hz 5.41** 8. 66** 14. 32**
8000 Hz 6. 82** 9. 92** 14. 46**

* Significant at 0.5 level (2.31) for eight
degree of freedom

** Significant at 0.01 level (3.36) for eight
degree of freedom



Tabl e 7:

250 Hz

500 Hz

1000 Hz
2000 Hz
4000 Hz
6000 Hz
8000 Hz
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Showing the results of 't' test scores for Age
differences inright ear for fenmales, for pure
tone threshol d at 250 Hz, 500 Hz, 1000 Hz,

2000 Hz, 4000 Hz, 6000 Hz, and 8000 Hz between
the ol der age group (A, As and A,) and younger
age group (A;).

ACE GROUP
A and A, A; and Ag A and A4
6. 73** 3. 54** 3.47**
4, 33** 5. 06** 6. 51**
7. 59** 4., 80** 5. 73**
5. 65** 4. 17** 10. 60**
5. 63** 6. 42** 11. 82**
8. 53** 8. 60** 18. 53**
8. 24** 9. 60** 13. 59**

** Significant at 0.01 level (3.36) for
ei ght degree of freedom



Tabl e 8: Showi ng Mean and Standard Deviation scores of

i psil ateral
t hreshol ds at 500 Hz,
for right ear of males of all

and contral at er al

1000 Hz,

acoustic reflex
2000 Hz,
t he age groups.

4000 Hz

92

| PSI - Mean

Mean
1000

Mean
2000

4000 Mean

CONTRA Mean
LATERAL 500
ART Hz SD

Mean
1000
Hz SD

2000

4000
Hz SD

20- 29

Yrs.

(A1)

94

4. 89

92
4.00
96
4.59

Absent

95
4. 47

93

6. 00

94
7.34

96
2.00

= Absent

50-59
Yrs.
(Az)

99
6. 63

98
7.48
106
5.83

100
6. 32

102

7.48

107
6. 00

AGE GROUPS

60- 69
Yrs.
(Ag)

95
4.47

104
4. 89
110
5. 47

103
4. 00

107

4.00

113
6. 00

70-79
Yrs.
(A4)

98
/.48

103
6. 00
104
4. 89

95
4.47

108

/.48

115
4.47

Acoustic reflex threshold given decibals (dB)

for pure tone.



Table 9: Showi ng Mean and Standard Deviati on scores of
I psilateral and contral ateral acoustic reflex
t hreshol ds at 500 Hz, 1000 Hz, 2000 Hz and
4000 Hz for right ear of females of all the age

gr oups.
ACGE AQROUPS
20- 29 50- 59 60- 69 70-79
Yrs. Yrs. Yrs. Yrs.
(A1) (Ay (As) (A1)
| psi - Mean 95 98 95 101
| ateral 500
ART Hz SD 4. 47 2.44 4. 47 5.83
Mean 98 100 102 105
1000
Hz SD 4. 00 5.47 4. 00 6. 32
Mean 98 106 107 109
2000
Hz SD 4. 00 3.74 6. 00 374
Mean - - - -
4000 ) . B}
Hz SD
Contra: L, Man o 103 103 101
ART lr SO 4.89 4. 00 4.00 4. 89
Mean 97 107 104 110
1000
Hy SD 6. 00 4. 00 4. 89 10. 98
o000 Mean 100 115 114 )
Hy SD 3.16 4,47 3.74 -
Mean 99 - - }
4000

H SD 2.00 - - -

- = Absent

Acoustic reflex threshol d gi venin deci bal s (dB) for
pur e tone.
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Table 10: Showi ng Mean and Standard Devi ati on scores of ipsi-

| ateral and contral ateral acoustic reflex threshol ds
500 Hz, 1000 Hz, 2000 Hz, and 4000 Hz for left ear of
nmal es of all the age groups.
AGE GROPS
20-29 50-59 60- 69 70-79
Yrs. Yrs. Yrs. Yrs.
( Aq) (Ae) (As) (As)
| psi -
| at er al Mean 98 98 96 104
ART 500 Hz  op 4.00 7.48  3.74 4.89
Mean 97 98 105 106
1000 Hz  op 5. 09 10.29  4.47 4.89
Mean 95 102 109 112
2000 Hz
SD 4. 47 4.00 4. 89 2.44
Mean
4000 Hz.
SD
Contr a- Mean 97 102 100 108
| at er al 500 Hz
ART SD 6. 00 4.00 3.16 4. 00
Mean 97 101 104 110
1000 2z op 4.00 8.00  4.89 6. 32
Mean 95 105 112 118
2000 Hz
SD 6.32 8.94 7.48 4.00
Mean 98 - .
4000 Hz
SD 5.09
- = Absent

Acoustic reflex threshol ds gi venin deci bal s (dB) for

pure tone.
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Table 11: Show ng Mean and Standard devi ati on scores of
ipsilateral and contral ateral acoustic reflex
t hreshol ds at 500 Hz, 1000 Hz, 2000 Ha and
4000 Hz for left ear of females of all the age

gr oups.
AGE GROUPS
20- 29 50-59 60459 70-79
Yrs. Yrs. Yrs. Yrs.
(A1) (Az) (As) (Ad)
| psi | at er al Mean 97 99 101 102
ART 500 Hz
SD 4. 00 2.00 2.00 6. 78
Mean 99 104 103 109
1000 2 o 4. 89 4.89 4.00 4. 89
Mean 99 104 110 113
2000 Hz
SD 2.00 8.00 6. 32 2.44
Mean -
4000 Hz
SD
Contr a-
lateral 500 H Mean 95 100 103 107
ART 2
SD 4. 47 0. 00 4.00 4. 00
Mean 93 106 107 117
1000 Hz SD 6. 00 4.89 6. 00 4.00
Mean 99 110 116
2000 Hz
SD 4.89 8. 36 4. 89
Mean 100 -
4000 Hz
SD 3.16
-= Absent

Acoustic reflex threshol ds gi venin deci bal s (dB) for
pure tone.
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Table 12: showing the results of 't' score between nmal e and
female for sex differences in right ear for
I psilateral and contral ateral acoustic reflex
t hreshol ds at 500 Hz, 1000 Hz, 2000 Hz, 4000 Hz
of 611 the age groups.

 AGE GROPS
20- 29 50-59 60-69 70-79
Yrs. Yrs. Yrs. Yrs.
( Al) (A) ( A3) ( A4)
| psi | at eral
ART
500 Hz 0.30 0.25 0.63
1000 Hz 2.12 0.43 0. 63 0.45
2000 Hz 0. 63 - 0.73 1.62
4000 Hz - - - -
Contral atera
ART 500 Hz 0. 30 0. 80 1.81
1000 Hz 0.9 1.17 0. 94 0. 30
2000 Hz 1.50 2.13 0. 28 -
4000 Hz — — _

- = Absent
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Table 13: Showing results of 't' test scores for age diffe-
rences in right ear of males for ipsilateral and
contralateral reflex thresholds at 500 Hz, 1000 Hz,
2000 Hz, 4000 Hz between the ol der age groups
(50-59, 60-69, 70-79Yrs.) and younger age groups

(20-29 Yrs.)
A and A A and A A and Ay
| psil at er al
Acousti c
refl ex 500 Hz 1.21 0. 22 0. 89
t hr eshol ds
1000 Hz 1.41 3. 79** 3. 05*
2000 Hz 2.62* 3.81** 2. 31*
4000 Hz - -
Contral atera
Acousti c 500 Hz 1.29 2. 16*
Ref | ex
Thr eshol ds 1000 Hz 1.87 3. 88** 3. 14*
2000 Hz 2. 74* 4, 00** -
4000 Hz - -

* Significant at 0.5 level (2.31) for eight
degree _ of freedom

** Significant at 0.01 level (3.36) for eight
degree of freedom
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Table 14: Showing results of 't' test scores for age diffe-
rences in right ear of fenmales for ipsilateral
and contralateral reflex thresholds at 500 Hz,
1000 Hz, 2000 Hz, 4000 Hz, between the ol der age
gr oups 550- 59, 60-69 and 70-79 yrs) and younger age
groups (20-29 Yrs.)

A& A A & A A& A

,Io\B%i | at eral
500

Hz 1.20 1. 63

1000 Hz 0.59 14 1.87
2000 Hz 2. 92* 2. 49* 4. 01**
4000 Hz - -

Contr al at er al

ART 500 Hz 2.21 2.21 1.44
1000 Hz 2. 77* 1.80 2.08
2000 Hz 5.47** 5.72** -
4000 Hz -

* Significant at 0.5 level (2.31) for eight
degree of freedom

** Significant at 0.01 level (3.36) for
ei ght degree of freedom
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Tabl e 15: Show ng nean and standard devi ati on score of
static conpliance(cc)of right and left ear for
both male and fenale of all the age groups.

ACGE GROUPS
20- 29 50- 59 60- 69 70-79
Yrs. Yrs. Yrs. Yrs.
( Ay) (Ae) (As) (As)
R ght Mean  0.95 0.87 0.72 0. 67
Ear Mal e
SD 0.18 0.13 0.16 0.42
Mean 1.04 0.82 0.76 0.72
Fenal e
SD 0.19 0.24 0.18 0.29
Left Mean  0.94 0.90 0.90 0.64
Ear Mal e
SD 0.11 0.13 0.41 0.24
Mean  0.98 0. 86 0. 68 0.65
Fenal e
0.12 0.25 0.27 0.28
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Tabl e 16: Showi ng results of '"t' score between nal e and
female for sex differences in right ear and
|eft ear for static conpliance (c.c) of all
t he age groups.

20-29 Yrs. 50-59 Yrs. 60-69 Yrs. 70-79 Yrs.
(A1) (A) (As) (A4)

R ght ear 0.68 0. 36 0.33 0.19

Left ear 0.49 0.28 0.32 0.05



Table 17: Showing the results of 't' test score for age

difference in right and left ear for both nal e
and fenales for static conpliance (c.c) between
ol der age group (50-59, 60-69, 70-79 Years) and
younger age group (20-29 Yrs.).

101

A; and A A; and Az A; and A4
R ght Mal e 0.72 1.93 1.22
ear
Fenal e 1.44 2.15 1.85
Left
ear Mal e 0.47 1.14 2. 27

Fenal e 0. 86 2.03 2.16
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Table 18: Showi ng Mean and Standard Devi ati on scores of

absol ute peak latency(l, II1, V), inter peak
Iatenc%/(l-lll III VandI-V), and the anpli -
tude of peak (I, for right ear of nales of
all the age groups
AGE GROUPS
20-29 Yrs. 50-59 Yrs. 60-69 Yrs. 70-79 Yrs
A A Ag A,
Abso- Mean 1.54 1. 70 1. 70 1.86
eak
at en- SD 0.05 0.10 0. 05 0.12
cy
(ns) Mean 3. 63 3.68 3.80 3.95
T o 0. 09 0. 13 0. 09 0.22
Mean 5.51 5.73 5.76 5.90
V' s 0.13 0.16 0.18 0.31
| nt er Mean 2.09 1.97 2.09 2.09
eak I -
atency || gop 0.11 0. 14 0.05 0.11
(ns)
Mean 1.88 2.05 1.94 1.94
[11
~ SD 0.15 0.11 0.26 0.32
Mean 3.97 4. 02 4. 03 4.03
-V s 0.13 0.19 0.22 0.31
Ampl i - Mean 0. 22 0. 08 0.11 0.04
tude o 0. 02 0.02 0.01 0.01
[ uVv
Mean 0. 52 0. 36 0.29 0. 36
V

SD 0.12 0. 06 0.03 0.14
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Tabl e 19: Showi ng Mean and Standard Devi ati on scores of
absol ute peak latency (I, I1l, V), inter peak
Iatency(I-III [11- Vandl-\/), and the

npl i tude of Peak (I,V) for right ear of
ferral es of all the age groups.
AGE GROUPS
20- 29 50- 59 60- 69 70-79
Yrs. Yrs. Yrs. Yrs.
A A Az A4
£osol ute Mean  1.64  1.67 1.80  1.97

I(at gancy | SD 0.11 0.12 0.15 0.25

ns
Mean 3.53 3.79 3.84 3.74
I sp 0.10 0.18 0.16 0.15
Mean 5.20 5.63 5. 42 5. 48
v D 0.05 0.24 0.12 0.17
Inter peak Mean 1.89 2.12 2.04 1.76
aeney D e 0.15  0.23 0.2 0.3
Mean 1. 66 1.84 1.65 1.74
-V o 0.07  0.25 0.24  0.05
Mean 3.55 3.96 3.62 3.51
-V s 0.14 0.37 0.24 0.31
Apl i tude Mean  0.23 0.21 0.10 0.10
(/uV) ' s 0.03 0.16 0.04 0.05
Mean 0. 65 0.42 0. 26 0.28
Vi o 0.28 0.13 0. 06 0. 09




104

Tabl e 20: Showi ng the Mean and Standard Devi ation scores of
absol ute peak latency (I, 111, V), inter peak
latency (I-111, Il1l-V and I-V) and the anplitude
of peak (1,V) for r+ left ear of males of all the
age groups.

AGE GROUPS
20- 29 50, 59 60- 69 70,79
YL?. Y&s. Y&S. Yrs.
1 2 3 A4

Absol ut e

Peak Mean 1.60 1.95 1.79 1.93

| at ency SD 0.12 0.31 0.09 0.18

(ms)

Mean 3.59 4.07 3.76 3.99
1l SO 0.06 0.36 0.15 0. 24
Mean 5.45 5. 89 5.50 5. 95
V. so o020 0.28 0.12 0.19
| nt er peak

| at ency . Mean 1.99 2.11 1.96 2.06

(ns) SD 0.12 0. 10 0.12 0.35

Mean 1.85 1.82 1.74 1. 96

-V s 0,14 0. 19 0.26 0.13
Mean 3.85 3.93 3.71 4.02

-V s 0.20 0.22 0.17 0.32

Anpl i tude Mean 0,27 0.08 0.16 0.07

(/uv)

' sp o007 0. 02 0.05 0. 02
Mean 0.43 0.31 0. 22 0. 34
V' sp o0.04 0.10 0.06 0.10
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Tabl e 21: Showed the Mean and Standard devi ati on scores of

absol ute peak latency (I, Il1l, V), inter peak
| at enc él-lll, I11-V and 1-V) and the anplitude
of peak (I, V) for left ear of fermales of all the
age groups.
 ACEGROPS
20-29 ~ 50-59  60-69 70-79
Yrs. Yrs. Yrs. Yrs.
A Ao As Ay
Absol ute Mean  1.68  1.83 1.83  1.88
atency I o 0.09  0.25 0.17 0.11
(s
Mean  3.74  3.68 3.56  3.86
Il sD 0.17  0.15 0.08 0.06
Man  5.28  5.75 548  5.60
\ SD 0. 16 0.22 0.23 0.10
|t g{]f:’;‘ak Mean  2.05  1.85 1.67  1.98
(ns) -1 op 0.20  0.13 0.21  0.14
Mean  1.53  2.06 1.99  1.73
-V o 0.13  0.17 0.18  0.08
Mean  3.59  3.92 3. 66 3.72
-V D 0.13  0.23 0.25 0.17
Anpl i tude Man  0.28  0.23 0. 10 0.07
! D 0.13  0.10 0.02 0. 02
Mean  0.55  0.46 0.25 0. 40
Y sD 0.12  0.08 0. 07 0.12
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Table 22: Showi ng obtained 't' values between nale and fenale
for sex differences for absolute peak latency (I,

111, V) inter peak latency (I-111, II1lI-V, I-V) and
anplitude of peak (I-V) of right ear of all the
age groups.
AGE GROUPS
20-29 Yrs 50-59 Yrs 60-69 Yrs 70-79 Yr:
Al A2 A3 A4
Absol ut e
peak | 1. 65 0. 38 1.27 0.79
| at ency
(s) 111 1. 49 0.99 0. 43 1. 59
\% 4. 47** 0. 69 2. 98* 2. 37*
| nt er peak -
| at ency I -111 2.18 0.98 0.34 1.48
(ns) 11-V 2.65*  1.53 1.75 1.24
-V 4.47**  0.20 2. 54* 1.91
Ampl i tude
*
(/ UV) I 0.55 1. 49 0.48 2.35
\Y 0.85 1.83 0. 89 0. 96

*Significant at 0.5 level (2.31) for eight
degree of freedom

**Significant at 0.01 level (3.36) for eight
degree of freedom



Tabl e 23:

Showing the 't'

right ear for
11, V) inter

and anplitude of peak (I
age groups (20-29 years).

test val ues for

and V)

107

age differences in
mal e for absolute peak latency (I,

peak latency (I-111,
bet ween ol der age
groups (50-59, 60-69 and 70-79 years) and younger

[-V and 111-V)

Aq and A Aq and Az Aq and Ay
Absol ut e
Peak
| at ency I 2.86 4.52%* 4, 93**
(ms)
[11 1.78 2.71% 2. 69*%
V 2.13 2.09 2.32*%
I nter peak =111 1.37 0. 00 0.00
| at ency ' ' '
() TR, 1.85 0. 40 0. 33
|-V 0. 43 0.74 0.35
Anpl I t Ude | * % * * * %
Y, 8.51 9. 83 16. 09
\Y/ 2.38* 3. 80** 1.74
* Significant at 0.5 level (2.3l) for eight

degree of freedom
** Significant at
degree of freedom

0.01

| evel

(3.36) for eight
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Table 24: Showing the 't' test values for age differences in
right ear for fenale for absolute peak |latency (I,
11T, V) inter peak latency (I-111, I-Vand 111-V)
and anplitude of peak (I and V) between ol der age
groups (50-59, 60-69 and 80-79 years) and younger
age groups (20-29 years).
A and A A and Az A and Ay
Absol ute
Peak I 0.37 1.72 2. 41*
at ency 111 * * % *
(11s) 2.52 3.29 2. 34
\ 3. 55** 3. 39** 3. 20*
| nt er peak
| at ency [-111 1.49 0.91 0.75
(ns)
L1T-V 1.38 0.08 1.88
-V 2.22 0.50 0.23
Anpl i t ude I 0.24 5.28** 4. 47**
V 1.49 2. 72* 2. 54*

* Significant at 0.5 level (2.31) for eight degree

of freedom

** Significant at 0.01 level (3.36) for eight degree

of freedom
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SUMVARY  AND  CONCLUSI ON

The present investigation was undertaken to study the
audi ol ogi cal test results in geriatric population (50-59,
60-69 and 70-79 years) and to conmpare the results with the
younger age popul ation (20-29 years). A sanple of 40
subjects ranging in age from20 years to 79 years were
selected randomy fromthe general population. The sanple
was categorised into four age groups as follows. 20-29,yrs.,
50-59 yrs., 60-69 yrs., and 70-79 yrs. Equal nunber of

mal e and femal es was constant in each age groups.

A detail ed case history was taken for each subject to
rule out mddle ear pathology, ototoxicity, and noise

exposure, diabetes and other system c di seases.

Air conduction pure tone audio-netric testing, inpedance
audi ometric testing and brain stemevoked response audionetric
testing was carried out for each subjects in sound treated
room The pure tone threshol ds, static conpliance, acoustic
reflex threshol ds, auditory brain stemresponse (I, 11l, V),
inter peak latency (I-I111, 1I1-V, I-V) and anplitude of peak
(I and V) were obtained. The data was presented in graphical

and a tabular form The results were anal ysed statistically.
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CONCLUSI ONS

The follow ng conclusion can be drawn from the findings

of the present study.

1. Significant changes occurs in hearing acuity as age

advances.

2. The hearing threshold at higher frequencies was greatly
affected than lower frequencies in the geriatric popu-

| ati on.

3. Hearing thresholds are affected at higher frequencies

for both males and femal es.

4. The hearing acuity changes in the right and the left ear
is simlar in geriatrics popul ation.

5. Static conpliance decreases as age advances. This change

is common for both mal es and fenmal es.

6. A significant elevation in the acoustic reflex threshol ds

in the geriatric population is found.

7. No significant difference in acoustic reflex threshold

anmong nmale and fermal e was found.

8. An increase in latency for the different peaks (I, 111
and V) of auditory brain stemresponse takes place in

geriatric popul ation.

9. There is no significant difference in the interpeak

| atency value (I-111, 11l-V, I-V) in geriatrics was found.
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10. The lower anplitude val ue for peaks | and peak V was
observed in geriatric group conpared to the younger

groups.

SUGGESTI ONS

1. The rate of progression of hearing loss as a function

of age and sex may be studi ed.

2. Simlar study may be carried out on a larger popul ation.
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1)

2)

APPENDI X- A

CASE HI STORY

Nane

Age (Date of birth)

Sex
Educati on
CQccupati on

Mot her tongue

Do you suspect hearing inpairnent

Medi cal History

a. Consangui neous

b. Hereditary di sease

c. Deafness in famly

d. Neurol ogi cal disorder

e. System c di sease

f. Drugs taken (Specify)

g. Physical & Enotional trauma
h. Erruptic fever

i. Allergic condition

j. Head injury
(unconci ousness/ convul si ons)

k. Ear infection and
heari ng probl em

1. Congenital Anomalies

Dat e:

Addr ess:

YES/ NO



3)

4)

4)

m Recurrent respiratory
i nfection

n. Surgical treatnent
0. Measles, chicken pox,
Meni ngitis, Jaundi es,

Encephalitis, Epilepsy,
Dysort hyi s.

Speech and | anguage devel opment
Hi story

Di scovery of the hearing problem

a) Age at which the defect was
first noticed.

b) Present status

c) Any nedical treatnent
gi ven.

YES/ NO



APPENDI X- B

HEAPI NG MEASUREMENT SCALE

The follow ng questionnaire is designed to evaluate your

comuni cation ability as you view it.

the each statenent given bel ow,

| NTENSI TY

1
2.

3. Do you feel

Do you feel you have difficulty in hearing?

Do you understand better when people talk

[ oudl y?

4. Do your fam |y nmenber react to you when
you increase the volune of TV/ Radi 0?

FREQUENCY

1. Do you understand better when speaker
is mal e?

2. Do you understand better when the speaker
is femal e?

3. Do you find difficulty while"talking
on tel ephone?

RATE

1. Do you think people speak too fast?
and Do you have difficulty in

2. understanding their speech?

2. Do you ask people to speak sl ower?

3. Do you ask themto speak |oudly when you
are not able to understand?

4. Do you ask your famly nenber around you

to hel p when you don't understand the
ot her speech?

that peopl e speak too softly?

You have to judge

YES/ NO

YES/ NO
YES/ NO

YES/ NO

YES/ NO

YES/ NO
YES/ NO

YES/ NO

YES/ NO

YES/ NO

YES/ NO



ENVI RONVENT

1. Do you ever have difficulty hearing in conver-
sat1 on when you are tal king with one person?
- at hore?

- at outside?

2. Do you find difficulty in conversing with
one person face to face in quite roon®

3. Do you ever have difficulty in group
conversation ? - at hone
- at outside

- at work
4. Do you have difficulty hearing the speaker
at a public gathering/ neeting?

5. Do you find difficulty in conversing with
persons when radio/ TV is on?

6. Do you find difficulty in conversing while
travel ling on a bus/car/aeropl ane ?

Non- Speech Sound

1. Can you hear when somne one rings the door bell
or knocks the door ?

2. Can you hear you pets bar ks?

3. Can you hear car/nmotor home in the street?

LOCALI ZATI ON

1, Do you turn your head the wong direction
when some one calls to you ?

2. Are you able to tell the direction of sound
when you hear a sound ?

YES/ NO
YES HO

YES/ NO

YES/ NO
YES/ NO
YES/ NO

YES/ NO

YES/ NO

YES/ NO

YES/ NO
YES/ NO
YES/ NO

YES/ NO

YES/ NO



REACTI ON TO HANDI CAPPED

1. Do you think you are irritable than
ot hers?

2. Do you ever bothered or upset if you
are unable to foll ow conversati on?

3. Do you ever get the feeling of being
cut off fromthings because of
difficulty in hearing ?

TI NNI TUS

1. Do you ever get a noise in your ear
or in your head ?

a) Does it present continuously/
intermttently ?

b) Does the tinnitus disturb in
sl eepi ng?

EVALUATI ON

1. Have you under gone for audi ol ogi cal
testing/ exam nation ?

2. Have you been advised to use a hearing
ai d?

3. Have you been using a hearing aid ?
since how | ong?
PERSONAL OPI NI ON

1. Do you think your hearing is normal ?

2. Do you think you don't have problemin
conversation?

3. Do you think any difficulty in hearing
is serious?

4. Does the difficulty of hearing - restrict

your social and personal [|ife?

YES/ NO

YES/ NO

YES/ NO

YES/ NO

YES/ NO

YES/ NO

YES/ NO
YES/ NO

YES/ NO

YES/ NO

YES/ NO

YES/ NO
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APPENDI X- C

CALI BRATI ON PROCEDURE

Pur e- Tone calibration

The intensity and frequency calibration of the pure
tone generated by the audiometer (Madsen OB 822 dinica

audi oneter) was carried out.

Intensity Calibration

The intensity calibration was done with the audioneter
output set at 70 dB HL. The acoustic output of the audio-
neter was fed through ear phones (TDH 39 with MX 41/ AR
ear cussions) condensor ncrophones (B& 4144), which was
coupled to an artificial ear (B& 4152). The m crophones
was connected to a B& preanplifier type 2616. Then the
signal was fed into a sound |evel neter (B&, 2209). The
out put sound pressure level at all the frequencies (250 Hz
to 8000 Hz at octave |evel) was neasured. \Wen there was a
difference of nore than 2.5 dB fromthe specified output,
the audioneter was internally caliberated to neet the ANSI
(1969) standards. Internal caliberation was done by adjusting
the presets. Thus the output level did not differ by nore

than 2.5 dB fromthe specified AMSI standards.

For checking he linearity of the attenuator, the
sone set up as for intensity caliberation was used.

Here at 500 Hz, 1000 Hz, and 4000 Hz, the attenuater dial
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readi ng was increased in 5dB steps and the concom tant SPL

readi ng were noted.

Frequency calibration

Frequency calibration of the audionmeter was done using a
frequency counter (Rodart 203). The output of the audi oneter
was fed to the frequency counter nmaintaining the intensity
at a constant level, the frequencies were sweeped from 250 Hz
t hrough 8000 Hz. The corresponding digital read out for each
frequency was noted. The frequency of the tone generated by
the audioneter was found to be wthin the perm ssible 3%

variation fromthe dial reading.

APPENDI X- D

The anmbient noise in the test room was neasured using a
sound | evel neter (B& 2209) with an half an inch condenser
m crophone (B&K 4165) and COctave filter set (B& 1613). The
noi se level in the test roomat each octave frequency has

been given in table bel ow.

Cctave frequencies in Hz SPL val ues inside the test
t oom Ref: 0.0002 dy/cnt

250 21
500 12
1000 10
2000 08
4000 10
6000 10

8000 10
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APPENDI X- E
AUDI OERAM
CASE NO. Dat e of Eval uation:
FREQUENCY | N Hz
250 500 1000 2000 4000 6000

Ar :
condu- R ght
ction

Lef t
Bone R ght
condu-
ction

Left
Q her
Tests

R ght
D agnosi s

Lef t

Sl GNATURE
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APPENDI X- F

| MPEDENCE AUDI QVETER

Case No. Dat e of
Eval uati on:

Name: Age: Sex:

Tynpanogram R ght Left

Static conpliance: R ght Left

Acoust i c

refl ex threshol ds 500Hz | 000Hz 2000Hz 4000Hz
| psi | ateral

Ri ght:

Left:

Contral at eral
Ri ght:
Left:




