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Objective:

The main objective of the study is to compare the amount of suppression of TEOAE's with contralateral
stimulation in mentally challenged children and age matched normal children and further to study
the functioning of the efferent auditory pathway in children with delayed maturation of the auditory
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Material and methods:

The present study was aimed at investigating the contralateral suppression of Transient Evoked
Otoacoustic Emissions (TEOAEs) in normal children as compared with that of developmentally delayed.
15 mentally challenged children in the age range of 7-12 years and gender matched normal children
participated in the study.

Results:

Results suggest reduced contralateral suppression of TEOAEs in mentally challenged children as
compared to their normal counterparts. Contralateral suppression was observed at more in left ear
compared to right ear. The mid frequencies were observed to have greater suppression in both ears.

Conclusion:

The results of the current study reinforces the contention that contralateral suppression of TEOAEs is
reduced in children with delayed maturation and provides insight for confirming the risk of auditory
processing difficulties and speech perception in noise. The association between contralateral acoustic
stimulation and OAE allows easy, non-invasive study of auditory efferent mechanisms and seems to
be clinically feasible for evaluating cochlear status and auditory efferent function.
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INTRODUCTION:

Hearing is one of the most important sensory functions of the body
which enables individuals to have an effective communication. It has
been demonstrated that the ear, besides receiving sounds, also
generates sounds. These sounds emitted by the ear are called as Oto-
Acoustic Emissions (OAEs). These emissions were first described by
Kemp in 1978.1 Human auditory system has both afferent and efferent
pathways. The efferent auditory system is a descending bundle, which
originates from the auditory cortex and terminates at the sensory cells
of the organ of Corti. In 1946, Rasmussen reported the discovery of
the Olivo-Cochlear (OC) system.2 It was reported that the outer hair
cell (OHC) innervations is primarily from the Medial Olivo-Cochlear
efferent System (MOCS). Since OAEs are thought to reflect these
dynamic properties, it has been hypothesized that activating the
medial efferent system would produce alterations to cochlear
micromechanics and hence, to OAEs. The first description of the active
mechanical behavior of outer hair cells was made over 20 years ago.3
In the literature, it is reported that afferent auditory fibers from the
cochlear nuclei project mainly to the contralateral MSO nuclei.4 It is
well established that the amplitude of both types of Evoked
Otoacoustic Emissions (TEOAEs as well as the DPOAEs) can be
suppressed when simultaneous contralateral sound stimulation is
applied 56 and is due to mediation of medial efferent system.

Effect of age and maturation of the medial efferent system on the
amplitude of TEOAE was studied and reported that amplitude
increased with the age and maturation.7.8 Since, fibers of MOCS
predominantly innervate OHC's, it is presumed that they exert their
suppressive influence via this pathway and most probably by
interfering with cochlear amplifier function.9 Hence, from the literature,
it is observed that functioning of MOCS is best studied in individuals
with Downs syndrome or in individual with Mental Retardation10 or
delayed maturation.

In the literature, TEOAE studies done on Down'’s syndrome and
mentally retarded individuals showed reduced emissions.11-17 Hood
et al study observed reduced TEOAEs in individuals with auditory
neuropathy and commented that the poor efferent responses observed
could be due to compromised afferent input to the OCR pathway.18
They also commented that, efferent suppression of otoacoustic
emissions could be used as a differential measure of auditory function
in patients with auditory neuropathy/dys-synchrony. The current
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study was aimed to explore TEOAE suppression with contralateral
stimulation in mentally challenged children compared with age and
gender matched group of normal children.

MATERIAL AND METHODS:

Fifteen children with normal hearing sensitivity and mentally
challenged comprised of experimental group. Their age ranged from
7-12 years and their 1Q from 35-50 as certified by a qualified Clinical
Psychologist. Children with middle ear disorders were excluded from
the study. Children with normal hearing and with the presence of
TEOAE in both ears were included in the study. Age and gender
matched normal children formed the control group who were
evaluated to rule out any hearing loss and or middle ear disorders.

A calibrated double channel diagnostic audiometer, immitance
audiometer and Biologic Scout report program (V 3.02) systems were
used. Prior to the instrumental evaluation, a visual examination of
the ear canal of both ears was done using an otoscope to rule out any
outer ear abnormalities. Pure tone thresholds were obtained at octave
frequencies using Modified Hughson — Westlake procedure19 in a
sound treated room. Tympanometry and reflexometry were carried
out with a probe tone of 226 Hz. A good probe fit was ensured while
testing for OAEs and data that had 50% above reproducibility, 90%
stability, +3 dB S/N ratio, artifact rejection threshold of 50mPa were
considered.

After clear instructions and verbal consent from the participant, an
appropriate probe fit was obtained by observing the stimulus
spectrum. Initially, TEOAEs were recorded by eliciting them with 80sec
linear clicks at 60-65 dBSPL. For contralateral stimulation, white noise
was delivered through headphones from an audiometer. The
continuous noise at 5dB above click stimulus was presented in the
contralateral ear simultaneously. An average of 200 responses repeated
twice was considered for each recording. Average TEOAE waveforms
were obtained to measure the reproducibility, with reproducibility
greater than 50% being considered. Data for frequencies 1000Hz,
1500Hz, 2000Hz, 3000Hz and 4000Hz were recorded. Suppression of
TEOAEs was explored by subtracting the ‘with noise’ average from
‘without noise average’. Data was subjected to statistical analysis
using Students t- test and Mann-Whitney-U test to compare the TEOAE
suppression results of normal hearing children with that of mentally
challenged children.
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RESULTS:

To study the functioning of the efferent auditory pathway in individuals
with mentally challenged, 15 participants with mentally challenged
and age matched normals were studied using Transient Otoacoustic
Emissions and its suppression. The Mean, Standard Deviation, p values
and z values of contralateral suppression measures in right ear between
normal & mentally challenged children for frequencies 500 Hz, 1 kHz,
1.5 kHz, 2 kHz, 3 kHz and 4 kHz are given in Table 1 and Fig- 1.

Table: 1. Right ear suppression measures of mentally challenged (MC),

and normal (N) children. N =15

Frequency (kHz) 1 1.5 2 3 4
Group MC N MC N MC N MC N MC N
Mean 0.81 7.2701.66 3.361.46 236 1.66 1.14 1.77 0.68
SD 146 465 137 1.81 1.64 1.81 137 148 099 233
z(=1.96) 2.82 -1.7 -1.5 -1.20 2.62

p(< 0.05) 0.005 0.85 0.13 0.227 0.009

Fig: 1. Mean values of TEOAE suppression between

mentally challenged and normal children in right ear.
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From Table- 1, it is observed that, in right ear at 1 kHz the mean
contralateral suppression is of statistically significant difference (p <
0.05) between the two groups (normal hearing individuals and mentally
challenged), confirming the presence of greater suppression in normal
children than in mentally challenged children. At 1.5 and 2kHz, greater
suppression in normal individuals is observed as compared to mentally
challenged children; however, it is not statistically significant. At 3
kHz and 4 kHz, it is interesting to note that greater suppression is seen
in mentally challenged children as compared to the normal group;
however, the difference is not statistically significant.
On scrutiny of the results from Table- 2, it is can be observed that, in
left ear at 1, 2 and 3 kHz, normals had greater suppression compared

Table: 2. Left ear suppression measures of mentally challenged (MC)
| child N):N=15

Frequency (kHz) 1 1.5 2 3 4

Group MC N MC N MC N MC N MC N
Mean 133 2501.13 2700.11 1.55 1.67 0.17 2.17 250
SD 193 140238 216205 200 1.36 1.71 1.00 1.70
z(=1.96) -2.076 -1.598 -2.26 -2.34 -0.104

p(< 0.05) 0.038 0.110 0.024 0.019 0.917

Fig: 2. Mean values of TEOAE suppression between mentally
challenged and normal children in left ear
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to mentally challenged individuals and the difference being statistically
significant. However, at 1.5, and 4 kHz, although normals had greater
suppression, the difference was not statistically significant. From the
data, it is interpreted that, majority of the frequencies show greater
suppression in normal than in mentally challenged children.

DISCUSSION:

The current study was done to compare the amount of suppression
of TEOAE's with contralateral stimulation in normal children and
mentally challenged children of the age matched group to study the
functioning of the efferent auditory pathway. From the results it is
observed that, the contralateral suppression was more in majority of
the frequencies in normal children and reduced in mentally challenged
children, implies that in the mentally challenged children, there is a
delay in maturation of the efferent Medial Olivo-Cochlear Bundle
(MOCB).

Significant suppression effect demonstrated in the present study is
in agreement with the reports of Andersson et al.15 From studies, it
is evident that normal and mature MCOB and efferent auditory
pathway are essential to elicit OAE suppression. 349,19 The maturation
delays observed in Down'’s syndrome and mentally challenged do
affect the efferent auditory pathway.

Studies on individuals with Down’s syndrome have commented that
delayed maturation of efferent auditory pathway could be due to
reduction in brain myelination beyond early childhood in
developmentally delayed children. 11-17,20 Further, Down'’s syndrome
children have different degrees of developmental disabilities,
developmental delays and developmental brain abnormalities with
CNS maturation delay and cortical digenesis.20 From the results of
developmental, neuro imaging studies, it can be inferred that poor
efferent responses are related to the compromised afferent input to
the olivocochlear bundle pathway in mentally challenged children
and support the hypothesis that “poor efferent responses are related
to compromised afferent input to the olivocochlear bundle” as quoted
in the literature.18 The compromised efferent auditory pathway thus
plays a role in TEOAE suppression and leading to reduced TEOAE
suppression when contralateral stimulus is given. As observed in the
current study, reduced TEOAE suppression in most of the frequencies
could be due to maturational abnormalities.

In the literature, studies have concentrated more in the Down's
syndrome category of mentally challenged group and have reported
of reduced suppression. The present study, excluded the Down’s
syndrome subjects and considered only the mentally challenged to
see if similar results are observed as in Down’s group. Results do
confirm similar suppression pattern (reduced) in the mentally
challenged group exclusive of Down’s syndrome and enable us to
state that the contralateral suppression is lesser in all categories of
mentally challenged and attributable to lack of maturation of efferent
auditory pathway or abnormalities in MOCB pathway as reported in
the literature. The results of the current study also endorse the use of
efferent suppression of otoacoustic emissions as a differential measure
of auditory function in patients with developmental delay.

CONCLUSION:

In conclusion, there exists evidence that the assessment of the medial
olivocochlear system, by recording OAEs under contralateral acoustic
stimulation helps in the diagnosis of auditory maturation delays,
especially efferent audiotry pathway, auditory processing disorders
and other hearing disorders related to delayed maturation of the
efferent auditory pathway. It also acts as a non-invasive tool for hearing
screening of infants who are at risk for hearing loss and also at risk for
hearing problems due to neural maturation.
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