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INTRODUCTION

The longer we live, the more likely we will be adversely affected by the

degenerative effects of aging. Evidence suggesting that aging refers to the decline of

hearing associated with various types of auditory system dysfunction, (peripheral and

central). Changes accompanies aging have been reported widely.

Such as

(1) The structural pathology of the aging ear, causes ranging from biochemical

factors and metabolic changes

(2) The central nervous system based auditory processing/comprehension problems

seen among many aging persons and

(3)  Social and psychological problems facing the elderly individual with

presbycusis

Changes in auditory system which accompanies aging are called as

“presbycusis” the term ‘presby’ means elder, the word “presbycusis” literally means

the acuity of the elder.

Most early studies consisted to observations relating to changes in hearing level in

accordance with increasing age. With advances in technology, more detailed

histopathological studies proved that the areas which might be affected more

would be cochlea, the spiral ganglion, the brainstem auditory pathways, and the

auditory cortex. (Willot, 1991)

The normal auditory system is characterized by at least one functional

asymmetry. The two hemispheres of the brain appear to be uniquely specialized for



different aspects of auditory processing. One consequence of this hemispheric

specialization is that the right ear enjoys a slight advantage over the left when exposed

to acoustic stimuli. This preference of one part of the body over the other part is

known as laterality. (C. Porac and S. Coren, 1978).This asymmetry is observed in the

auditory system also. (Willot, 1991)

           It has been reported that the right ear got better thresholds than that of left ear

when compared the pure tone thresholdsof both the ears. (Chung, Mason, Gannon, &

Wilson, 1983., Mc Fadden, 1993). When used different tests assessing auditory

systems found with the same results with otoacoustic emissions, auditory brainstem

responses, latelatency potencials, and central audtitory processing tests. In peripheral

level  OAE  amplitudes  indicated  that  right  ear  amplitudes  are  higher  than  left  ear

ampltiudes in normal hearing indivuals. (Sherif F. Tadros, susan T. Frisinia, Frances

Mapes, SungHee kim, Robert Frisinia, and Robert.D.Frisinia, 2005., Bilger etal,

1990., Chung et al, 1983., Mc Fadden,1993). In brainstem potentials, the study by

Sininger, Cone, and Abdala, in 1998 reported right ear latencies to be better than left

ear latencies.  Study done by Teri  James Bellis,  Trent Nicol and Nina Kraus in 2000

confirmed in cortical level also there is a right ear advantage that is the right latencies

are shorter than the left latencies. These all studies showed that there is a right ear

advantage in different levels of auditory system.

       Where in study by Frisinia S.T., Mapes.F, Kim.S, Frisinia D.R, Frisinia  RD,

in 2005 by means of transient evoked otoacoustic emissions found that left ear

amplitudes are better than right ear amplitudes in individuals with age related sloping



hearing loss. It indicates that the peripheral right ear advantage is lost with age related

sloping hearing loss.

As there is a change in laterality at peripheral level with age related hearing

loss individuals, it evokes the interest to understand the changes in the other levels of

the auditory system with aging and age related sloping hearing loss. And also to

analyze whether these changes are due to aging or because of the presence of

peripheral hearing loss.

Thus this study was undertaken to evaluate whether there is any change in

laterality of auditory system across the ages, and if there is a change we need to know

at what age and at the level at such changes in the auditory system takes place. And

also to observe the age related deterioration in the performance of auditory perception

across the ages.

Need of the study
It is reported in literature that aging causes poor performance in auditory

system as there is lack of literature so it is necessary to see across the ages in

what extent the deterioration can take place.

Study by Frisinia etal (2005) observed altered laterality at peripheral level in

subjects with age related sloping hearing loss. Hence, it is essential to know

whether such changes occur only in individuals with hearing loss or the

individuals without such significant peripheral hearing loss.



It is necessary to see whether the change in laterality is purely peripheral so,

need to be assessed at different levels of auditory systems in presbycusis

subjects.

There is a need to identify appropriate test to administer to know about ear

advantage.  So  that  we  might  know  the  level  at  which  physiological  changes

occur.

Aim of the study
Thus the present study is taken up to investigate :

Whether the different levels of the auditory system functions similar through

out the age.

Whether there is any change in laterality across the ages.

If there is a change in laterality, at what level the physiological changes takes

place.

What is the age at which one can expect such changes.



REVIEW

The fact is we are an aging society.  Hearing loss is a common disorder

associated with aging and about 30-35 percentages of adults aged 65 years and above

have a hearing loss.  It is estimated that 40-50 percent of people 75 and older have a

hearing loss. (National Institute of Deafness and other Communication Disorders,

1997).

Age related declines in auditory functions have been reported widely. The

aging process affects both the peripheral as well as central auditory systems.

Histopathological studies have shown age related changes in the cochlea, major

brainstem nuclei and auditory cortex. The information gathered has been mentioned in

different headings.

 Affect of aging in peripheral level

Jerger (1973) reported that aging process produces systematic changes in each

of the two critical dimensions of hearing impairment –loss in threshold sensitivity and

the loss in the ability to understand suprathreshold speech.

Study  done  by  James  Jerger,  Susan  Jerger,  Terrey  Oliver  and  Francis

Pirozzolo in 1989 evaluated speech understanding of elderly persons in the age range

from 51 to 91 years.  They concluded  that speech understanding declines

progressively with age.



Abdala, Carolina, Sininger and Yuonnes(1996) by means of their research in

otoacoustic emissions found that OAE is a good tool to monitor age related changes in

the cochlear level.  The study found that there is decrease in OAE amplitude with

increasing age.

In the elderly group of 58-76 years, TEOAE and DOPAE were done to

evaluate the cochlear changes with aging.  Result showed that there is significant

decrease in amplitude as the age progresses (Frisnia etal, 2005).

As it’s already been stated that there would be age related charges in

peripheral level, it is necessary to use auditory evoked potentials as a tool to evaluate

such changes in elderly at the higher levels.

Affect on brainstem level

Study carried out by Chu (1985) using auditory brainstem responses indicated

that in older adults without hearing loss the absolute latencies were delayed compared

to young individuals.

Maurizi, M., Ottaaviani, F., & Bambini, M. (1982) found that the subjects with

sensori neural hearing loss and elderly group both showed deterioration in latencies

for Auditory Brainstem responses.

A comparative study done by Mamtha (2003) reported that age related sensory

neural hearing loss subjects and elderly subjects without hearing loss both had latency

shift. The latency shift was more in the sensory neural hearing loss group.



Affect on cortical level

The  effects  of  age  on  late  component  (N100,  P200,  N200 and  P300) were

investigated in 50 normal subjects (18 to 70 years of age).  Results showed that there

is  an  age  related  change  in  latency.  (Bahramai,  Gordon,  Lagopoulos,  & Lim,  1999.,

Cranford & Martin, 1991)

Affect on Central processing level

Significant increase in longevity and the concomitant growth of the older

population has intensified our need to understand the impact of aging on complex

auditory processing.

Martin and Cranford (1991) evaluated binaural processing in elderly and

observed that the dichotic digits recognition task scores deteriorated with aging.

Study done to evaluate the effects of aging on binaural and spatial hearing,

reported that the ability of older listeners to localize sound sources, to obtain a gain in

speech intelligibility in noise when speech and noise are separated, to improve the

detection of signals in noise by using binaural cues, and to discriminate inter aural

difference in time and intensity, decline with increasing age. (Janet, Koehnke & Joan

M. Besing, 2001).

Two aspects of age related declines in auditory temporal processing may

contribute to the difficulties that older adults have perceiving speech in everyday

listening situations: ability to code the temporal properties of the envelope, including

cues to phonemic contrasts.



 According to Bruce, Schneider and Kathreen Pichora Fuller( 2001) significant

age related declines are found in discriminating specific phonemic contrasts based on

gaps.  This decline in temporal processing observed in older adults with good

audiogram. However the same were not correlated with audiometric threshold.

When synthetic sentence identification test was done in elderly group the

result indicated that age accounted for significant unique variance in the test across.

(Henry, Lew & Jerger James, 1991).

When young subjects with normal hearing sensitivity were compared with

elderly group with normal hearing in hearing in noise test, it was found that there was

a significant decline in the scores of elderly subjects. (Frisinia , et al,  2005).

Thus there is a decline in auditory skills reported in literature because of aging as well

as of age and related hearing loss.

Evidence suggests that aging also alters the laterality.
It is well established that there are asymmetries between right and left

auditory function.

Central lateralization is well known as evidenced by the asymmetrical

anatomy of the human brain. (Geshwind & Levitsky, 1968; & Galaburda, A.M.,

Sanides, F., Geschwind, (1978).

Asymmetries appear early during ontogenetic development, with structural

and functional differences between right and left hemispheres appearing before birth

in auditory regions, example as early as 31 weeks of gestation .(Chi, Dooling, &

Gillies,1977).



Evidence suggests that hearing sensitivity is better in right ear than in left ear.

(Chung, Mason, Gannon, & Wilson, (1983)., Mc Fadden, 1993).

It’s been reported that greater spontaneous otoacoustic emissions are present in the

right than the left ear.  (Bilger, Matthies,Hammel, & Demoest, 1990).

Transient evoked otoacoustic emission (TEOAE) done in normal hearing

adults in different age groups proved that, there is an increased amplitude in right ear

in comparison to left ear.  On the other hand, in Presbycusis group these results were

reversed. (Frisinia etal, 2005)

Study  carried  out  in  Presbycusis  group  by  means  of  PTA,  SRT  and  OAE’s

justified  that  there  is  a  left  ear  advantage  found  in  these  groups  (Frisinia  ,  Mapes,

Kim, &  Frisinia , 2005).

It is also necessary to see whether these changes are only restricted to

peripheral level or also present in higher levels.

Evoked potential electro physiological responses reflect processes that require

synchronous activity across populations of neurons. So left/right asymmetry can be

explained based as electrophysiological tests.(Teri James Bellis, Trent Nicol and Nina

Kraus,  2000)

The study investigated whether age affects the degree of left/right asymmetry

in neural representation. By means of brainstem potentials, Sininger,Y.S., Cone,



W.B.,Abdala, c. (1998) explained that there is a right ear advantage which suggests

that the right latencies were better than the left ear latencies.

Auditory evoked potentials from 27 scalp and additional EOG channels in 12

healthy volunteers performing a free report dichotic listening task with simple speech

sounds was done. The findings were a 15ms shorter average latency of the N1-AEP

recorded from scalp approximately overlying the left supra temporal cortical plane

compare to the N1-AEP over the homologous right side. (Eichele T, Nord by H,

Rimol LM, Hugdahl. K 2005)

Findings demonstrated from the LLR study that the pattern of left sided

dominance in the neural representation of speech sounds seen in children and young

adults is not evident in older adults. (Teri et al, 2000)

An event related brain potential study done by Radouane , Yagoubi and Mirrelle

Besson (2005) in younger as well as elderly group suggested that the hemisphere

asymmetry (left hemispheric advantage) for adults was reduced in older adults (age

related hemisphere asymmetry reduction).

So there is a need to evaluate that whether the right ear advantage is lost with

age for is it due to the high frequency hearing loss that usually accompanies aging.

Dichotic listening test administered in young individuals with normal hearing

sensitivity proved significant right ear advantage (Azanon, & Sebastian, 2005). Study

done by Frisinia etal (2005) performed hearing in noise test (HINT) in 2 groups of



individuals. 21 subjects with normal hearing threshold 58-76 years  and 35 subjects

with high frequency hearing loss characteristic of presbycusis.  Results suggested that

the central right ear advantage in speech discrimination was maintained with age, with

no effect of age related sloping hearing loss. (Frisinia etal, 2005)

When approaching the problem of understanding what biological changes

takes  place  to  cause  age  related  asymmetry  reduction,  it  is  beneficial  to  consider  at

what points in the system special deterioration can occur.

Study by Frisinia et  al  (2005) evaluated asymmetry at  different levels that  is

audiograms; TEOAE’s and DPOAE’s were used to assess cochlear function.  Hearing

in  noise  test  was  used  to  assess  central  auditory  function.   The  finding  of  the  study

concluded the following points.

1) The peripheral right ear advantage in OHC function is lost with age related

sloping hearing loss which is not the same in elderly adults with normal hearing.

2)  Age plays a major role in MOC function deterioration.

3)  The central right ear advantage in speech discrimination is maintained with age.

Study done in elderly group of 61-80 years age related hearing loss indicated

that tests measuring central auditory processing proved to have right ear advantage

whereas the tests measuring peripheral auditory resolution indicated left ear

advantage. (Teri et al ,2000)

Performance asymmetries at the cortical level that is separating peripheral

hearing loss from intrinsic aging has not been investigated systematically as a

function of age. Hence, the present study was taken to observe age related changes in



auditory function at different auditory level and also to observe is there a shift in

laterality with age and also in presbycusis group.



METHOD

The present study intended to evaluate the change in laterality across the ages,

and in individuals with hearing loss due to aging. The study was also aimed to check

age at which such changes can be noticed, if any.

Subjects

To accomplish the above-mentioned aims the study was done on two groups

of subjects.

Group-1-control group

Control group consisted of normal hearing adults.  Normal hearing is

operationally defined as ‘pure-tone average of 15dB HL or less at octave frequencies

between 250HL and 8000HL (ANSI, 1996)’. The following criteria were followed for

subject selection:

A’ type tympanogram with reflexes present.

No history of otological or neurological symptoms.

Also made it a point that the physical condition of the subjects was fit for

testing.

 Participants were divided in to 4 groups based on their age seen as bellow.

Age Number of subjects

30-40 years 10

40-50 years 10

50-60 years 10

60 years and above 10
Group-2-Experimental group



Experimental group consisted of subjects with symmetrical sensorineural

hearing loss acquired due to aging. The following factors were taken care prior to

testing;

They did not have any history of significant noise exposure, ear infections and

intake of ototoxic drugs.

It was taken care while selection that, the subjects did not have previous

otological history and history of head trauma, seizures, neurological disorders

or chemotherapy.

All the subjects in all the groups had ‘A’ type tympanogram with presence or

elevated reflexes.

Also made it a point that the physical condition of the subjects was fit for

testing.

Subjects were then distributed based on their age in to 3 subgroups are as follows :

Age Number of subjects

40-50 years 5

50-60 years 5

60 years and above 5

Tests administered to observe age related changes of ear advantages were :

1. Transient evoked otoacoustic emissions (TEOAE) to assess the changes in

peripheral level.

2. Auditory brainstem response (ABR) to assess the changes at brainstem.

3. Late latency responses (LLR) to assess the changes at cortical level.

4. Speech in noise test (SPIN) to assess the changes in central auditory

processing.

Instrumentation

The following instruments were used for the study:



A calibrated two channel diagnostic audiometer to perform pure tone threshold

and SPIN.

CD player to present recorded speech material.

A calibrated  immittance  meter  to  perform tympanometry  and  acoustic  reflex

testing.

An evoked potential system – intelligent hearing system version 3140 to

record ABR and LLR.

ILO 292 Echo port plus OAE system application software (version 5) to

record and analyze TEOAE’s.

Test material

To test speech perception in noise CD developed by Varghese (2004) was

used. The CD was recorded by test material developed by Vandana (1996) in the

presence of speech babble at 0 d B SNR.

Test administration

Test administration was carried out in two phases.

Phase 1

Selection of subjects based on otological evaluation, pure tone evaluation and

immitance evaluation. Pure tone thresholds were obtained using modified version of

Hughson Westlake procedure (Carhart and Jerger, 1959) across octave frequencies

from 500, 1000, 2000 and 4000 kHz for both air and bone conduction(mastoid

placement).



Tympanometry was carried out to know the status of the middle ear for all the

subjects,  the  subjects  were  made  to  sit  comfortably  and  were  asked   not  to  swallow

during the testing period.

Phase 2

After the detailed evaluation the tests for assessing the age related ear

advantage were carried out.

Transient Evoked Otoacoustic Emission

Responses were elicited using non-linear detection paradigm.  The time locked

averaging was done for 260 sweeps of 100 ms click.  The responses obtained were

then subjected to time domain analysis.  Reproducibility of greater than 65% was

considered significant in any frequency band. And SNR of 3d B counted to be the

presence of TEOAE. TEOAE amplitude at each frequency band independly was

noted.

Electro physiological testing

Electro physiological testing included recording of auditory brainstem

responses and late latency responses.  Both types of potentials were recorded for

clicks.



Protocol used to elicit evoked potentials as follows

Parameters Auditory brainstem
responses

Late latency responses

Stimuli Clicks Clicks
Stimulus polarity Rarefaction Rarefaction

Transducer Head phones Head phones

Repetition rate 30.1/s 3.1/s
Number of sweeps 1500 500

Transducer Head phones Head phones
Filter setting 30-3000Hz 1-30 Hz

Analysis window 10ms 300ms
Electrode montage Vertical montage:

Positive-C2 : Negative-
M1, M2 : Ground-Nasion.

Vertical montage :
Positive-C2 ; Negative-M1 ,

M2 : Ground-Nasion
Electrode impedance < 5 Kohms < 5 Kohms.

The information’s collected from the evoked potentials were peak IIIrd and

Vth latency and and P1, N1, P2 and N2 latency.

Speech perception in noise
To test speech perception in noise, CD developed by Varghese (2004) was

used in noise at 0dBSNR at 40dB SPL. Subjects were instructed to repeat the words

and scores obtained separately for right and left ear for monaural presentation through

headphones.

Analysis
The data was then subjected to the statistical analysis using the statistical

package SPSS version 10.00 obtained in different audiological tests and in age groups

were analyzed using MANOVA to check for interaction effect, because the data

included number of variables.  To compare the age groups and age related decline

Post Hoc Tuky test was carried out. Paired t-test was administered to check for

laterality between the ears.



RESULTS

To study the age effects and changes in laterality across the ages and at

different auditory levels, the tests used and parameters assessed were as follows.

Test administered to detect peripheral changes was:

Transient Evoked Otoacoustic Emissions (TEOAE) of right and left ears in the

frequency bands of 1 kHz, 2 kHz and 4 kHz.

Test administered to assess brain stem level was:

Auditory brain stem responses (ABR): latency values of IIIrd and Vth

            peaks were considered.

 Test administered to evaluate cortical level was:

Late latency responses (LLR): separate latency values of Pl, Nl, P2 and N2 for

right and left ears were taken.

 Test administered to assess central auditory processing was:

Speech in noise test (SPIN): SPIN scores separately for right and left ear were

obtained.

For checking the interaction effect MANOVA was used, for age effects. Post

Hoc Tuky test was used and for evaluating the significance difference, paired t-test



was used. The level of  significance was confirmed when the P value is  greater than

0.05.

1. AGE RELATED CHANGES OBSERVED AT THE PERIPHERAL LEVEL

Transient evoked otoacoustic emissions
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Graph 1 : The TEOAE amplitudes of right and left ear at 1KHZ and 2 kHz
frequency band obtained in control groups

It  can  be  seen  in  Graph  1  that  the  mean  of  right  and  left  TEAOE  amplitudes

reduced with the increase in age especially for 2 kHz frequency band. Individual

to individual variation of TEOAE amplitude was greater for older age group.

TEOAE amplitudes were always higher for right ear than left ear. This

difference in TEOAE amplitude between the ears was statistically significant which

can be seen in table 1.
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Graph 2 : The TEAOE amplitudes of right and left ear at 4 kHz frequency band
obtained in control group

 TEOAE amplitude at 4 kHz which also decreased with the increase in age.

Right ear TEOAE amplitude was greater than the left ear TEOAE amplitude in all the

groups. And this difference is significant in all the age groups.

Table 1 : t-values between the right and left ear TEOAE amplitudes in control
group

Age
TEOAE

1 2 4

30-40 1.25 3.2* 0.61

40-50 1.3 3.8* 2.4*

50-60 -0.5 2.7* 2.4*

60 & above -0.5 1.6 3.1*

* Indicates significant difference

MANOVA performed in TEOAE scores showed that interaction effect is

significant between TEOAE scores of right ear at 2 KHz and 4 KHz frequency bands

in the whole group. Where in the other frequency bands did not indicate any

significant interaction effect. In different age groups the interaction effect was only

obvious in 2 KHz frequency band in right ear and in 4 KHz frequency band in right

and left ear.



Table 2 : The significant difference between the mean for TEOAE Amplitude
at 1 KHz 2 kHz and 4 KHz frequency band for control group across
the age group

Ear Age group
1Khz 2Khz 4Khz

1 1 2 1 2

Right 30-40 6.60 10.30 7.8 -

Right 40-50 6.70 13.10 13.10 10.1 -

Right 50-60 6.90 15.10 15.10 10.4 -

Right 60 & above 6.70 - 15.30 10.7 -

Left 30-40 4.1 7.10 3.1 -

Left 40-50 4.8 8.70 - 6.3 6.3

Left 50-60 7.8 9.0 - 8.1 8.1

Left 60 & above 9.8 11.2 - - 10.3

It is evident from the table 2 that, in right ear theTEOAE amplitudes at the 1

kHz frequency band did not vary significantly across the age. TEOAE amplitude at 2

kHz frequency band of 60 years and above group varies significantly from 30-40

years age group TEOAE amplitude in right ear.  But TEOAE amplitude did not vary

significantly for the left ear at 2 kHz. Where as TEOAE, amplitude at 4 kHz of right

ear did not differ significantly between any two groups.  But in left  ear 60 years and

above group TEOAE amplitude differ significantly from 1st sub group.
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Graph  3  :  The  TEOAE  amplitudes  of  right  and  left  ear  at  1KHZ  and  2  kHz
frequency band obtained in experimental groups



It can be inferred from graph 3 that the mean TEOAE amplitude of right and

left ear amplitudes reduced with the increase in age. The TEOAE amplitude of left ear

was  always  higher  than  that  of  right  ear.  And  the  difference  in  amplitude  was

significant at 1 kHz and 2 kHz frequency band. The individual to individual TEOAE

amplitude variation was more for older group than the younger group.
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Graph 4 : The TEOAE amplitudes of right and left ear at 4kHz frequency band
obtained in experimental groups

It  can be seen in graph 4 that  TEOAE amplitude at  4 kHz frequency band in

experimental group followed the same pattern as seen in other 2 frequency bands.

However the TEOAE amplitude between the right and left ear did not differ

significantly for older groups.

Table 3 : t-values between the right and left ear TEOAE amplitudes in
experimental group

Age
TEOAE

1 kHz 2 kHz 4 kHz
40-50 -6.0* -3.8* -4.8*
50-60 -9.7* -6.0* 1.2

60 & above -11.* -5.2* -1.4

* Indicates significant difference



Table 4 : Shows the significant difference between the mean for TEOAE at          1
KHz 2 kHz and 4 KHz frequency band for experimental group across the age

Table 4 indicates that the 1 kHz frequency band amplitudes in right ear were

not significantly different between 50-60 group and in 60 above age group. But 40-50

group had significantly higher TEOAE amplitude than the other 2 groups. However

TEOAE amplitudes at 2 kHz frequency band did not differ significantly between any

two age groups. At 4 kHz frequency band TEOAE amplitudes of IIIrd group showed

significantly higher amplitudes than other two groups.

In left ear TEOAE amplitude at 1 kHz frequency band of 40-50 and 50-60

groups did not show any significant difference but was different from 60 and above

age  group.  TEOAE  amplitude  at  2  and  4  kHz  frequency  band  showed  the  similar

results as that seen in right ear. Thus, it can be concluded that peripheral changes can

be noticed with the increase in age. The significant change can be noticed only after

60 years of age. The peripheral ear advantages can be seen only in individuals with

hearing loss due to aging.

Ear Age group
1 Khz 2 Khz 4 Khz

1 2 1 1 2
Right 40-50 9.2 - 3.8 2.0 -
Right 50-60 - 2.4 3.8 3.0 -
Right 60 & above - 2.0 9.8 10.4
Left 40-50 10.4 - 8.20 2.2 -
Left 4.8 4.8 8.6 4.2 -
Left 60 & above - 10.4 15.00 - 12.2



2. AGE RELATED CHANGES AT BRAINSTEM

Auditory brainstem evoked responses (ABR)
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Graph 5 : Latencies of IIIrd peak and Vth peak of right and left ear in control
groups

It is evident in the graph 5 that there is increase in peak IIIrd and Vth latency

with the increase in age for both right and left ear. Right ear latencies were shorter

than the left ear latency for all the age groups. The difference in right and left ear

latencies  significant  in  almost  all  the  age  groups  which  can  be  seen  in  table  5.  The

variation in peak latencies across the age group was not uniform.

Table 5 : The t-value between the two ear latencies in control group

Age
ABR

IIIrd Vth

30-40 -0.5 -2.8*

40-50 -3.1* -8.0*

50-60 -1.9 -4.7*

60 & above -4.3* -5.8*

* Indicates significant difference



MANOVA did not reveal any significant interaction between the whole group

and ABR results of right and left ear. When the different age groups were considered,

there was an effect of interaction between the latency of IIIrd peak of right and left

ears with the different age groups.
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Graph 6 : Latencies of IIIrd and Vth peak of right and left ear experimental
group

It can be seen in above figure that latency of peak IIIrd and Vth of

experimental group did not show the similar pattern that has been observed in control

group. IIIrd and Vth peak latencies were minimum in 50-60 age group and maximum

in 60 above age group. The reasons for such changes are not clear. The difference in

right and left ear wave IIIrd and Vth latency did not show any significant difference at

any age group.

Table  6 : The t-value between the right and left ear latencies in experimental
group

Age IIIrd Vth

40-50 -1.6 -2.0

50-60 -1.1 -0.5

60 & above 0.42 0.41



Table 7 : The significance difference between the mean for right and left ear

latencies of IIIrd & Vth peak of control group and experimental group

across the age

It  is  evident  from  the  table  7,  that  there  is  no  significant  difference  in  wave

Vth latency between any two subgroups of control  group though there is  increase in

latency noticed with the increase in age. Where as significant increase in peak IIIrd

latency was noticed after 50 years of age in right and left ear.

In experimental group significant increase in latency is noticed for both wave

IIIrd and Vth for both right and left  ears.  Increase in latency is significant above 60

years.

Ear Age group

Control group Experimental group

IIIrd peak Vth peak IIIrd peak Vth peak

1 2 1 1 2 1 2

Right 30-40 3.40 5.73 - - - -

Right 40-50 3.77 3.77 5.85 3.44 -  5.634  -

Right 50-60 - 4.08 5.88 - 4.14 6.2 6.2

Right 60 & above - 4.23 6.37 - 4.65 - 6.85

Left 30-40 3.75 - 6.02 - - - -

Left 40-50 3.82 6.07 3.68 5.8 -

Left 50-60 - 4.264 6.39 - 4.2 6.32 6.32

Left 60 & above - 4.34 6.55 - 4.58 - 6.79



Thus it can be concluded that age related changes are evident at the brainstem

level which is more with individuals with hearing loss due to presbycusis. This effect

is more evident after the age of 60 years.

It can also be concluded that right ear latency is always shorter than the left

ear latency in any age group in both experimental and control group. Hence the right

ear advantage does not change with age and hearing loss due to aging.

3. CHANGES AT CORTICAL LEVEL

Late latency responses
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Graph 7 :  The P1 and  N1 latency of right and left ear obtained in the control
groups

It can be seen in the graph 7 that the change of P1 and N1 latency did not show

any specific pattern with the age. However, it is clear that P1 and N1 latency observed

in right ear is usually shorter than the left ear. The difference in right and left ear

latency is significant for the subjects above 40 years, which can be seen in the table 8.
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Graph  8 : The P2 and N2 Latency of right and left ear in the control group

It can be seen in the above graph that P2 latency showed the similar variation

as  seen  for  P1 and  Nl both in terms of latency changes with age and difference

between right and left ear latency. However, similar changes could not be obtained for

N2 indicating wide range of variability.

Table 8 : The t-values between the right and left ear latencies of P1, N1, P2 and N2
in control group

Age P1 N1 P2 N2

30-40 -1.9 -2.1 -0.9 -2.4*

40-50 -3.9* -3.0* -3.7* 1.36

50-60 1.6 0.91 0.97 3.5*

60 & above -3.0* -0.9 -11* -1.3

MANOVA indicated that the interaction effect is significant between right ear

P1,  N1,  P2 and  the  whole  group.   Left  ear  P2 and  N2 also indicated significant

interaction effect with the whole group. Across the age groups the interaction effect

was significant between right ear P1,  N1,  P2 and  N2 latencies with different age

groups.

Table 9 : The significance difference between the mean of P1,  N1,  P2 and  N2
latencies of control group across the age



It is evident in table 9 that P1,  P2 and  N2 latency obtained in 60 years and

above age group is significantly prolonged in compare to latency obtained in other

age groups in right ear. The N1 and P2 latency of left ear did not show any significant

changes between any two age groups. However, P1 latency and N2 latency in left ear

obtained in 60 and above age group is significantly prolonged compare to other

groups.
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Graph 9 : The P1 and  N1 latencies of right and left ear obtained in the
experimental group

Graph 9 illustrates that there is an increase in latency of P1 and  N1 with

increase  in  age  with  both  right  and  left  ear.  The  individual  variation  in  P1 and  N1

latency also increased with increase in age. However the mean value of P1 and  N1

latency  of  the  right  ear  is  shorter  than  that  of  left  ear  which  has  failed  to  reach  the

significance level as seen in table 10.

Ear Age group
P1 N1 P2 N2

1 2 1 2 1 2 1 2

Right 30-40 63.00 105.50 165.30 205.90

Right 40-50 67.00 106.70 166.90 214.70 214.70

Right 50-60 69.00 111.40 168.60 220.00

Right 60 & above 82.10 124.50 174.60 222.80

Left 30-40 69.50 107.60 168 207.70

Left 40-50 71.40 71.40 113.30 169 208.90

Left 50-60 72.500 72.500 117.50 171 211.50

Left 60 & above 84.20 118.70 173 223.10
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Graph 10 : The P2 and  N2 latencies of right and left ear obtained in the
experimental group

Graph 10 also highlights the similar trend in P2 and N2 latency variation and

individual variation in latency with age for both right and left ear as seen in N1 and P1

latency. However, there is hardly any difference in P2 and N2 mean latency between

the two ears. This failed to reach the significance level as seen in table 10 except for

P2 in 1st group.

Table 10 : t-values between the right and left ear P1,  N1,  P2 and N2 latencies
obtained in experimental group

Age P1 N1 P2 N2

40-50 -1.6 -0.7 -3.7* -1.4

50-60 1.4 0.50 0.31 1.13

60 & above 0.79 0.16 -0.6 -0.2

* Indicates significant difference

Table 11 : Significance difference between the mean for P1, N1, P2 & N2 latencies

of presbycusis group across the age groups



Table 11 shows that in presbycusis groups P1 latency  of  right  ear  1st group

which is significantly different from 50-60 and 60 & above age groups. In right ear N1

latencies of 40-50 group and 50-60 age group did not vary significantly except 60 and

above group. Right ear P2 latencies did not vary significantly across the age range. N2

latencies of 40-50 and 50-60 groups of right ear did not vary significantly but these

latencies varied significantly from 60 & above age group.

Left ear latencies of P1 peak shows that there is no significant difference

between the age groups. It was observed that N1 latency of 40-50 and 50-60 group did

not vary significantly where in 60 and above age group varied from 40-50 and 50-60

age  group.  In  left  P2 latencies there was no significant difference between the age

groups.

It was also observed that N2 peak latencies of 40-50 and 50-60 group did not

vary significantly where as 60 and above age group varied from 40-50 and 50-60 age

group.

Ear Age group
P1 N1 P2 N2

1 2 1 2 1 1 2

Right 40-50 67.80 - 110.20 - 169.60 207.400

Right 50-60 - 90.00 128.40 128.40 175.60 224.20

Right 60 & above - 102.40 - 141.20 182.00 249.40

Left 40-50 71.00 - 111.40 - 171.80 211.20

Left 50-60 76.60 - 121.60 121.60 174.00 219.00

Left 60 & above 97.00 - - 140.60 184.40 251.20



In general it can be concluded that there is increase in latency of P1, N1, P2 and

N2 with the increase in age. It is difficult to establish the ear advantage at any age for

any group as there is very negligible difference in latency between the two ears.



4. AGE RELATED CHANGES OBSERVED FOR CENTRAL AUDITORY
PROCESSING

Speech in Noise Test (SPIN)
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Graph 11 : SPIN scores of right and left ear in control group and experimental
group

Graph 11 indicated that the mean scores of right and left ears reduced with the

increase in age in control group and in experimental group. Scores were always higher

for right ear than left  ear.  It  can be seen from the significance table number 12. The

variation in scores across the age groups were not uniform.

 Table 12 : t-values between the right and left ear scores of control group and

experimental group

* Indicates significant difference

The interaction analysis performed in SPIN showed that there is a significant

effect of interaction between the whole group and SPIN scores of right and left ears.

Age Control Group Experimental group

30-40 1.20
40-50 11.1* 1.63
50-60 -3.7* 1.0

60 & above 4.0* 1.0



The interaction effect was also obvious between the different age groups and both

ears’ scores.

Table 13 : The right and left ear scores obtained in control group and experimental

group

It  was  found  that  the  SPIN  scores  in  30-40  and  40-50  scores  did  not  vary

significantly  but  these  scores  were  significantly  different  from  50-60  and  60  above

age group in right ear.

In left ear 30-40, 40-50, and 50-60 scores did not vary significantly except the

SPIN scores obtained in 60 and above age group.

In experimental group there was no significant difference in the scores

between the age groups in both right and left ear.

Ear Age group
CONTROL GROUP EXPERIMENTAL

GROUP

1 2 1

Right 30-40 10.0 - -

Right 40-50 11.6 11.6 7.2

Right 50-60 - 16.8 4.8

Right 60 & above - 17.2 4.8

Left 30-40 6.8 - -

Left 40-50 8.0 - 5.6

Left 50-60 10.4 10.4 3.2

Left 60 & above - 14.4 3.2



From the above results it  is  evident that  SPIN scores is  likely to reduce with

the age especially for normal hearing population. However right ear advantage is

maintained across the age and also in both control and experimental group.



DISCUSSION

Results of this study indicate that there is deterioration in audiological tests

results with aging. Such changes are noticed from peripheral to cortical level. It has

been demonstrated that right side specialization which is widely accepted as, a normal

phenomena, is being maintained in the normal hearing group across the age group,

where as in presbycusis group show left ear advantage at peripheral level. A

significant change has been noticed age above 60 years.

The above results have been discussed as follows:

Changes observed in the peripheral level

Ear differences of outer hair cell (OHC) motility and functionality are

reflected by TEOAE amplitude differences between the two ears.

It is observed that TEOAE amplitude is greater in the right ear than in the left

ear    in  the  control  group  across  all  the  age  range.  This  is  suggestive  of  enhanced

auditory processing in the right ear. Thus suggests that, the peripheral right-ear

advantage retained over the age. A similar observation also reported by Frisinia etal.

2005.

In the present investigation, the peripheral right –ear advantage was clearly

evident in the normal hearing group. It was also significant that as the age progresses

the amplitudes reduced in both the ears. It indicates that OHC motility and

functionality had been equally affected in both ears by age.



On the contrary, in the presbycusis group, the left ear otoacoustic emissions

became more predominant (significantly higher TEOAE amplitudes). These results

indicate  that  the  deterioration  in  OHC function  was  greater  in  the  right  ear  than  the

left ear in presbycusis.

The right/left differences in otoacoustic emission amplitudes despite the

symmetry  of  the  pure  tone  thresholds  in  both  ears  may  be  related  to  the  origin  of

otoacoustic emissions versus how the inner ear processes pure tones. The otoacoustic

emissions originate from the OHC’s, while the peripheral processing of pure tones is a

conjoint  function  of  both  inner  hair  cells  and  OHCs,  and  the  auditory  nerve  fibers.

The OHC of the cochlea is more vulnerable to ischemia than the inner hair cells.

(Kimura etal., 1958).The aged ear has less capacity to maintain stable blood flow and

thus may be more vulnerable to stress factors that affect cochlear function starting

with deficits in OHC’s.This might answer the findings reported in this study.

However the reason for change in peripheral laterality in presbycusis is not clear.

Changes observed in brainstem level

Auditory brainstem potentials were used to evaluate the function of brainstem.

It was observed that as the age progresses there is a significant increase in the

absolute latencies for right and left ears which is in support to the fact that aging

affects the brainstem level adversely. Chu in 1985 and Mamatha (2003) also observed

the similar changes in latency with aging.



Normal hearing group results reflected the fact that right ear advantage is

maintained through out the age groups. The same is been observed and supported by

the study of Sininger et al in 1998.

 In presbycusis groups there was no significant difference obtained between

the right and left ear latencies. This suggests the symmetrical changes at the level of

brain  stem.  However,  Teri  James  Bellis,  Trent  Nicol  and  Nina  Kraus,  in  2000,  they

found that the pattern of left sided dominance in the neural representation of speech

sounds seen in children and young adults is not evident in older adults. From this

study one can suspect that as the age progresses there is a chance of deterioration in

the left hemispheric response for nonspeech sounds, which is not observed in this

case.

Changes observed in cortical level

Results showed that there was significant age related deterioration in latencies

for both the ears which is  in support  with the study which had mentioned earlier by

Bahramali and Gordon in 1999.

Right ear advantage was maintained through out the normal age group which

is accordance with the study by Terry et al (2000). There was an exceptional change

found in N2 latency, this would be due to state of arousal of the individual or attention

paid to stimulus as N2 usually get affected by such factors. In presbycusis group it

was observed that as the age increases the laterality was getting disappeared. This is

in  accordance  with  the  study  reported  by  Terry  et  al  (2000)  who  explained  that  the

right ear advantage is lost in elderly. He came to this conclusion when he compared



the younger group and elder group. Radouane E, Yagoubic and Mirrelle Besson, 2005

also reported that as the age progresses the ear advantage of right over left is getting

lost. The reason might be because of the presence of age related changes and the

hearing loss might be altering the sensory representation of auditory signals.

Changes observed in the central processing level

The SPIN tests are generally accepted as a measure to assess central auditory

processing because of the obligatory involvement of central and brainstem binaural

pathways. The test scores are consistent with the previous finding by Frisinia etal

(2005) that aging causes progressive decline in the central processing of speech. The

present study proved that the right ear advantage phenomenon in the normal hearing

individuals is maintained across the age groups. Where in the presbycusis group

showed no significant difference between the ears in all the age groups, which is not

supporting the study reported in review by Frisinia etal. (2005). Thus it suggests that

no matter there might be shift in ear advantage in peripheral level due to age and

hearing loss, central nervous system is reluctant to show such changes, which shows

more symmetric changes in both ears.



SUMMARY AND CONCLUSIONS

The present study aimed to evaluate the age effects and laterality changes

across the ages in normal hearing adults and in presbycusis population.

The normal hearing group consisted subjects in the age range of 30-40years,

40-50years, 50-60 years and 60 above age groups. Each group consisted of ten

subjects. Experimental group (hearing loss due to aging) also was further subdivided

in to 40-50 years, 50-60years and 60 above subgroups.

To explore the age related changes,  different levels of auditory systems were

assessed.

Peripheral level

Cortical level

Brain stem level

Central processing level

These mentioned levels were analyzed using different audiological tests, to

assess the peripheral level transient evoked otoacoustic emissions (TEOAE) was used.

Auditory Brainstem Responses (ABR) evaluated the Brainstem level .Cortical level

was analyzed by means of Late Latency Responses (LLR) and Speech in noise test

was the test used to analyze the changes in Central processing level.

Interaction effect was assessed by means of MANOVA test. And for assessing

age related decline Post Hoc Tuky test was carried out. Evaluating ear difference

between the groups “t” test was used.



Results reported that as the age increased there was deterioration at all levels

of the auditory system that is at peripheral, brainstem, cortical and central processing

level. The present study showed an evidence of right ear advantage which is

maintained  through  out  the  age  in  the  normal  hearing  adults  at  different  levels  of

auditory system, where as, the age related sloping hearing loss altered the laterality at

peripheral level.

 The possible conclusions from the study are:

1. Gives an idea that as the age increases there is significant deterioration at all the

levels of the auditory system in normal hearing individuals.

2. When checked for the ear advantage at different levels of the auditory system it is

evident that there is a significant increased performance of right ear over the left

in normal hearing adults.

3. In presbycusis adults it is evident that at cochlear level the left ear performance is

better than the right, and this change was significant from 40 years of age.

4. In presbycusis adults,  there is  no     significant difference between the right and

left ear scores at central and cortical level. This indicates that this might be

because of the presence of peripheral hearing loss present which can alter the

sensory representation of auditory signals.

Thus it can be concluded that age related deterioration in auditory

performance can take place at any level independly or at all the level simultaneously.

Change in audibility performance is likely to be more affected after 60 years of age.

However, one may not observe the change in laterality at higher level either due to

age or due to hearing loss caused by aging.



Implications

1. Information about requirement of different normative data for different age

group.

2. The information about ear advantage might be useful in hearing aid prescription

and for training purpose.

3. Appropriate remedial plan can be taken, may be more training is required

depending upon ear at which is less advantageous.

4. Gives an idea about choice of tests to be used to evaluate the age related changes

and the levels at which the tests have to be evaluated.
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