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Abstract

Several studies reported the prevalence of auditory notches.
Auditory notches could be found in subjects with normal-
hearing sensitivity as well as hearing-impaired: subjects. To
investigate the profile of threshold microstructure in human
auditory system, frequency profiles of auditory notches were
obtained from normal-hearing subjects. To identify the
frequency of auditory notches, 134 band (1/24 Oct. resolution
in 250~12,000 Hz) pure-tone audiometry was performed by
using automated and randomized Bekesy audiometry (AMA-
PTA).

AMA-PTA enabled to obtain 134 band audiogram within
35 ~ 45 minutes. The 134 band audiograms were compared
with 6 band (1 Oct. resolution) audiograms. Auditory notches
were observed in both ears of all subjects. However, the 6
band audiograms have missed most of the auditory notches
observed in the 134 band audiograms. These auditory notches,
which were not shown in conventional audiometry, were also
observed in hearing-impaired subjects as well.

This study demonstrates that the conventional, 6 band
audiometry has overlooked the microstructure of auditory
thresholds.

AMA-PTA

Automated Micro Audiometer - Pure Tone Audiometry
Which is your audiogram?
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Conventional Audiometry
(6 Frequencies: 20 Minutes, 11 Frequencies: 35 Minutes)
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AMA-PTA
(6 Frequencies: 2 Minutes, 67 Frequencies: 20 Minutes, 134
fequencies: 40 Minutes)

Randomized and Automated Quasi Bekesy Audiometry
(RAQBA)

Conventional audiometry has underestimated the effect of
auditory selective attention on the threshold results. The
existing presentation method ordered in frequency produces
spectral cue in subject’s memory. Spectral cue induces efferent
inhibition (or excitation) due to auditory selective attention.
This may provide inconsistent results up to 30dB in the
following repeated hearing test. The best way to exclude
auditory selective attention is to randomize stimulus frequency
to present.

Pulsed Pure Tone

Majority of hearing loss people suffer from tinnitus. Even
normal hearing person may experience a number of “inner-ear
sounds” (e.g. tinnitus, SOAE, etc.) when he/she is in a sound
proof room. Most of inner-ear sounds are continuous, and
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frequently confused with test tone (continuous pure tone) near
the threshold levels. In this respect, pulsed pure tone would be
more desirable than continuous pure tone as a stimulus.

3~4 Times Repeated Test

To provide more reliable threshold results, AMA-PTA
executes 3~4 times repeated test in random order near the
threshold levels.

Results
Subject A 6 band audiogram
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Conclusion

e AMA-PTA enables to obtain 134 band (1/ 24 Oct. resolution
in 250 ~ 12,000 Hz) audiogram within 35 ~ 45 minutes.

« Auditory notches were observed in normal-hearing subjects
as well as hearing-impaired subjects.

« Conventional, 6 band audiometry has missed most of the
auditory notches observed in 134 band audiometry (AMA-
PTA).
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Abstract

Various stimulus parameters affect on auditory evoked
brainstem response (ABR) and long-latency cortical response.
Among them are stimulus intensity, repetition rate, rise-fall
time, duration, and interstimulus interval (ISI). To investigate
the effects of stimulus duration on Wave V and N1 peak, two
types of tone-bursts with different duration (2-1-2 vs. 2-46-2)
were presented as stimuli. Since there is a controversy on the
duration effects on Wave V amplitude, we intended to exclude
both repetition rate and ISI effects. To this end, considerably
long ISI (i.e. 250ms) was set for Wave V detection. Significant
differences in the amplitudes of Wave V and N1 were
observed between 2-1-2 and 2-46-2 tone-bursts.

Interestingly, increment of stimulus duration caused
opposite effects on Wave V and N1 amplitude. While N1
amplitude increased with duration increment as previously
reported, Wave V amplitude decreased when the longer
stimulus was presented. These results demonstrate that
stimulus duration may have opposite effects on ABR and
auditory cortical responses.

Introduction
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A. Test Stimuli

Frequency: 1000 Hz tone-burst, Intensity: 80 dB HL, Duration:
2 ms rise/fall times, 1 ms or 46 ms plateau (i.e., 2-1-2 or 2-46-
2), ISI: 250 ms (Wave V) or 500 ms (N1 peak)

B. Procedures

Number of sweeps: 1800 (wave V), 300 (N1 peak), 3
replications for each subject, Electrode location: (+) High
forehead, ( - ) Ipsilateral mastoid
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Fig.1. ABR waveforms of each subject. Each value is the mean of
three replications (thus summed average waveforms of 5,400
stimulus presentations). Pink line: 2-1-2 stimulus; Blue line: 2-46-2
stimulus
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Fig.2. Relative amplitude of Wave V-SN10. Amplitudes of 2-1-2
stimulus were set to 1.0 in each subject. Pink Bar: 2-1-2 stimulus;
Blue Bar: 2-46-2 stimulus
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Fig.3. Late-latency responses of each subject. Each value is the mean
of three replications. Pink line: 2-1-2 stimulus; Blue line: 2-46-2
stimulus

Conclusion

e Increment of stimulus duration had an opposite effect on
Wave V and N1 amplitude.

 In contrast to the previous reports, Wave V amplitude
decreased with increment of duration in the present
experimental condition.

o N1 amplitude increased with increment of duration as
previously reported.
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Abstract

In the present study, we suggest a new automated method to
acquire an objective frequency-specific audiogram by
comparing the amplitude of Wave V with that of SN10. To
increase signal to noise ratio in the automated ABR, the
following three complementary controls called "triple artifact-
rejection method" were adopted: (1) filtering periodic artifacts
by real-time FFT monitoring, (2) randomization of ISI
(interstimulus interval) to exclude periodic artifact influxed
from the spontaneous potential, i.e., EEG, and (3) filtering fast
component artifacts. To shorten test time without any
deterioration of accuracy, "automated quasi Bekesy method"
was adopted in the automated ABR. Hearing thresholds
obtained from PTA (pure tone audiometry) were compared
with those of the present automated ABR at 0.5, 1, 2, 4 KHz.
The automated ABR predicted well the behavioral thresholds.
Most importantly, there was a big time saving in the
automated ABR proposed by the present study. That is, it took
only 6~8 minutes which were only one-tenth of the testing
time required for the conventional tone-pip ABR audiometry.

Background Information

In the conventional tone-pip ABR audiometry, as each
frequency-specific threshold should be estimated separately, it
takes about 1.5~2 hours to test hearing thresholds. In addition,
because clinician's determination of a subject's hearing
threshold depends on visual discrimination of wave V peak of
which amplitude decrease more and more when stimulus
intensity gets closer to hearing threshold, it is difficult to avoid
intervention of clinician's subjective judgment. It is the most
serious problem of the conventional tone-pip ABR audiometry
that very long time is required for the hearing test. It takes
long time to set manually the test stimulus presented
separately according to frequency and intensity. In addition,
each test stimulus should be presented more than 1,500 times
to obtain a significant signalto-noise ratio. Most of all,
because the more stimulus intensity gets closer to hearing
threshold, the more amplitude of wave V decreases, it takes
long time for a user to determine the presence or absence of
wave V peak.

In order to solve above-mentioned problems of the
conventional method, the present study provides a method for
automation of tone-pip (or toneburst) ABR audiometry, which
can exclude both manual operation and user's subjective
judgment. In addition, the present study provides a method for
shortening of testing time and for the minimization of

American Academy of
Otolaryngology-Head and Neck
Surgery 2007, Vol 137, RO89

© American Academy of
Otolaryngology-Head and Neck
Surgery Foundation (AAO-HNSF),
111" Annual Meeting & OTO
EXPO in Washington, DC from
September 16~19, 2007

inaccuracy and errors which may be resulted from the
automation and time shortening.

EEG Analysis and Hearing Threshold Determination
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Average Testing Time : 6~8 min.

Conclusion

According to the present study, clinicians can shorten testing
time by automatically performing tone-pip (or tone-burst)
ABR test without both manual operation and clinician's
subjective judgment. Further, in spite of minimization of the
averaging number, reliable hearing test data with excellent
signal-to-noise ratio is obtained by applying a decision
method of objective hearing thresholds based on the gap
between wave V and SN10.
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Abstract

To investigate if hearing ability could be
improved by sound stimulation, we
applied customized sound stimuli to 9
patients with sensorineural hearing loss,
and compared behavioral hearing
thresholds before and after sound
stimulation. The results of this study
showed that acoustic stimuli could
improve hearing ability. On overall
average, the behavioral hearing threshold
decreased by 8.91 dB after 2 weeks of
sound stimulation followed by a 2 week
break.

Objective

This study aimed to find out new methods
for restoration of sensorineural hearing
loss.

Background & Hypothesis

Several studies have been reported that
sound conditioning (i.e., prior exposure to
low-level sounds) could protect hearing
ability against damage by traumatic noise
in a number of mammalian species,
including humans. Acoustic stimuli could
also slow progressive sensorineural
hearing loss. Thus, exposure to a
moderately augmented acoustic
environment could delay the loss of
auditory function in mice. In addition to
these protection and retardation effects,
long-term sound conditioning could
enhance cochlear sensitivity in normal
hearing guinea pigs. Based on these
results, we hypothesized that sound
stimulation

could also improve hearing ability in
patients with sensorineural hearing loss.

Method

To investigate if sound stimulation could
improve hearing loss, we applied
customized sound stimuli to 9 patients
with sensorineural hearing loss less than
70 dB HL.

Customized sound stimuli consisted of
frequency-modulated tone and amplitude-
modulated narrow band noise. The
patients listened to the sound stimuli for
40 minutes twice a day (once in the
morning and once in the evening) for 2
weeks. Behavioral hearing thresholds
were compared before and after sound
stimulation.

Study Protocol

Pre test Sound Posttest 1 | | No sound cnmnionlng Post test 2

Basic hearing test by PTA
Pre test
High resolution hearing test by AMA-PTA

a1

40 minutes for each time

a

Posttest 1 High resolution hearing test by AMA-PTA ]

<i'

For 2 weeks No sound conditioning ]

i_N

High resolution hearing test by AMA-PTA J

Sound conditioning
For 2 weeks Twice a day (i.e., morning, evening)

Posttest 2

To rule out the possibility of bias arising
from test-retest variation, we repeated the
behavioral hearing test (i.e., pure-tone
audiometry) three times for each
frequency and adopted the average value
as a hearing threshold of the
corresponding frequency. In this pilot
study, we limited the frequency range for

sound stimulation to a 1/3 octave within
the most hearing impaired region in each
patient.

An Example of High-Resolution Hearing
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In this study, we decided the 1/3 Octave
band showing the highest PTA hearing
threshold (i.e., the

worst hearing ability) as a target
frequency region.
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Result 1: Improvement of hearing ability

The average hearing threshold before
sound stimulation was 59.80 dB HL, and
this value decreased to 50.89 dB HL after
2 weeks of sound stimulation followed by
a 2 week break. Thus, 8.91 dB of
significant improvement in hearing ability
was achieved.

Hearing Threshold of
Target Frequency Region.
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Pre Post-1 Post-2

‘Pre’ refers to grand averages before
modified sound conditioning.‘Post-1"refers
to grand averages after 2 weeks of
modified sound conditioning. ‘Post-
2'refers to grand averages 2 weeks after
the conclusion of modified sound
conditioning. Statistical analysis

was performed using Wilcoxon’s signed
rank test with Bonferroni’s correction.

Result 2: Changes of Intra-Patient
Hearing Thresholds

Significant improvements in hearing
ability were observed in 7 of the 9
patients.

PreHearing
Threshold
(dB HL)

Post2 Hearing
Threshold
(dB HL)

Patient P value™

- T 06 m m O 0o o »

‘Pre’refers to grand averages before
modified sound conditioning. ‘Post-2’
refers to grand averages 2 weeks after
the conclusion of modified sound
conditioning. **Statistical analysis was
performed using the paired T-test or the
Wilcoxon’s signed-rank test (*).

Conclusion

In this study, we confirmed the possibility
that customized sound stimulation could
improve hearing ability in patients with
sensorineural hearing loss.
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Further Studies

1. Stimulus condition for maximum effect; 1)
Sound conditioning period, 2) Stimulus type
(FM, AM, sound level)

2. Effects on different types of patients; 1)
Different causes (aging, noise, abrupt..), 2)
dependency on hearing loss severity (mild,
moderate, severe hearing loss)

3. Mechanism underlying the hearing
improvement effect of sound conditioning
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Introduction

The existing method for matching tinnitus relies on the
listening paradigm to a single pure tone or band pass filtered
noise. There are many types of tinnitus spectrum in
accordance with hearing loss regions; 1) single pure tone, 2)
multiple pure tones (harmonic or non-harmonic complex tone),
3) single filtered noise, 4) multiple filtered noise, and 5) the
combination of 1) ~ 4). In this respect, a new method has been
designed to achieve accurate performance for finding various
types of tinnitus spectrum.

This study suggests two inventions; 1) tinnitus taxonomy
based on 10 types of tinnitus spectrum and 2) a method for
visualization of tinnitus spectrum using 3D cochlear model
with 134 bands (1/24 Oct) frequency resolution.

Methods

Acoustic properties of all types of tinnitus were classified in
the 4 spectral categories; simple tone (pure tone), complex
tone, noise, and a combination of tone and noise. Their spectra
are named as follows.

Tinnitus Taxonomy

Tinnitus

 simpie
| Unilateral Bilateral

Tinnitus Spectrum

Unilateral Simple Tinnitus - Simple Tone
Unilateral Simple Tinnitus - Simple Noise
Bilateral Simple Tinnitus - Simple Tone
Bilateral Simple Tinnitus - Simple Noise
Unilateral Complex Tinnitus - Complex Tone

Bilateral C;);rnp!ex Tinnitus - Complex Noise

Bilateral C(;mplex Tinnitus - Tone and Noise

Unilateral Complex Tinnitus - Complex Noise
Unilateral Complex Tinnitus - Tone and Noise
Bilateral Complex Tinnitus - Complex Tone
Bilateral Complex Tinnitus - Complex Noise
Bilateral Complex Tinnitus - Tone and Noise

S
itus - Simple Noise
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Results

Simple Tinnitus Tester

Simple tinnitus tester was linked to the internet site,
www.tinnitusless.com. Tinnitusless.com provides 402 simple
tinnitus samples (134 tones, 134 noises, and 134 combinations
of tone and noise).

Complex Tinnitus Tester

Complex tinnitus tester (Version 1.0) was designed to
distribute as freeware application. It provides 30 complex
tinnitus samples (10 tones, 10 noises, and 10 combinations of
tone and noise).

Interface of Simple Tinnitus Tester

sound. A is for pure tone, B is for 1 bark filtered noise, and C
is for the combination of A and B. Each sample of tinnitus can
be easily compared with real tinnitus of human.

Interface of Complex Tinnitus Tester

Complex Tinnitus Test

2714~3

Complex tinnitus tester provides 30 different tinnitus spectra
as tinnitus samples. No. 1~10 are non-harmonic complex
tones, 11~20 are complex noises, and 21~30 are the
combination of non-harmonic complex tones and noises.

Conclusion

3D cochlear graphic model in this study is designed based on
the frequency resolution with 0.2 Bark (approx. 1/24 Oct.). It
is useful for advanced tinnitus matching task with high
frequency resolution. Tinnitus taxonomy proposed by this
study is based on the acoustic spectrum of 10 types of physical
sound.

Reference
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Introduction

Several studies have been reported that sound conditioning
(i.e., prior exposure to low-level sounds) could protect hearing
ability against damage by traumatic noise in a number of
mammalian species, including humans.'? Acoustic stimuli
could also slow progressive sensorineural hearing loss. Thus,
exposure to a moderately augmented acoustic environment
could delay the loss of auditory function in mice.*’

In addition to these protection and retardation effects,
long-term sound conditioning could enhance cochlear
sensitivity in normal hearing guinea pigs.?

Based on these results, we hypothesized that sound
stimulation could also improve hearing ability in patients with
sensorineural hearing loss.

Methods

Step 1 (Starting Point) 11 Band PTA

Control Period
For 2~3 Weeks o R
(No Sound Conditioning)
—

Step 2 (After Control Period) 11 Band PTA

Bt

< » A D
Eo o ae ke Sound Conditioning Period
(1 hour a day)
-
11 Band PTA

Step 3 (After Sound Conditioning)

To investigate if sound conditioning could improve hearing
loss, we applied customized sound stimuli to 12 subjects with
sensorineural hearing loss.

Customized sound stimuli consisted of frequency-
modulated tone and amplitude-modulated narrow band noise.
The frequency band of a customized sound stimulus was
designed to cover mostly the frequency regions in which a
subject showed deteriorated hearing ability. During the sound
conditioning period, the subjects listened to the sound stimuli
at a barely audible level.

To examine the effect of sound conditioning, Pure-tone

audiometry (PTA) hearing threshold changes were compared.
To rule out the possibility of bias arising from test-retest
variation, we repeated the behavioral hearing test (i.e., pure-
tone audiometry) 2~4 times for each frequency at each step
and adopted the average value as a hearing threshold of the
corresponding frequency.

Controls of hearing threshold changes were obtained by
subtracting step 2 (after control period) hearing threshold from
step 1 (starting point) hearing threshold.

Ameliorative effects of sound conditioning were obtained
by subtracting step 3 hearing threshold (after sound
conditioning) from step 2 hearing threshold.

Results
1. Hearing Thresholds at Each Step

l Hearing Thresholds at Starting Point (Step 1) (dBHL)

Subject (Age)
YHI (63) | LGH (9) [ HHS (S1)| LSY (41) | JDS (59) | KDG (22)|BMsS (28)| CDS (49) (
20Ws | 125 | 325 | 75 | 475 | 400 | sos | s00 | 25 | 100 | oo | 600 | 725
500 Hz 200 39.2 125 575 325 a715 500 25 2.5 as 725
750 H2 32.5 458 1.5 615 7S 92 550 75 2.5 0.0 s 725
000Nz | 325 | 425 | 25 | 675 | 475 | 525 | 675 | 50 | 625 | 25 | 525 | 6715
§ [C1so0ta [ 375 | w5 [ 25 |25 | eso | 58 [eas | 25 |es | 75 | oS | &5
2000m: | 525 | 42 | 92 | 675 | 750 | 625 | 675 | 125 |'es0 | 125 | ss0 | 675
g 3000 Hz 62.5 5715 158 ns 8.5 6715 25 325 750 350 675 625
4000 Hz 90.0 60.8 m2 758 100.0 515 107.5 40.0 ns ns 80.0 50.0
6000 Hz 9.8 s 12.5 59.2 2.5 408 2.5 62.5 515 175 750 150
$000Hz | 875 | 408 | 92 | 458 | 900 | 258 | 900 | s25 | s2s | 125 | 750 [ 225
| {20001 | 900 |08 | 375 | 658 | s00 | 442 [ s00 | s25 [ 425 | 425 | 900 | 500
250M: | 175 | 325 | 92 | 475 | 250 | 425 | 100 | 25 | 125 | 25 | 575 | 7S
500 Hx 2.5 375 125 67.5 s 415 50 25 35.0 5 475 7.5
750Hz | 300 | 458 | 08 | 675 | 375 | 475 | 150 | 25 | 525 | 25 | 425 | 700
. [000Mz | 300 | @25 | 125 | 675 | 75 | a7s | 275 | 00 | e25 | 00 | 75 | w0
S [Tasoom: | 325 | 475 | ss | e2s | 575 | 575 | 425 | so | 725 | 25 | so0 | @75
2000M: | 425 | 542 | 125 | 725 | 750 | 575 | 425 | 75 | 750 | 100 | s2s | ns
§ 3000Hz | 400 | 658 | 142 | 775 | 1050 | 675 | 750 | 275 | 825 | 225 | 700 | 700
@000H: | 60.0 | 725 | 375 | 842 | 1075 | 642 | 800 | 475 | s25 | 375 | 725 | 25
6000 Hx 78 508 525 95.0 492 50.0 62.5 65.0 125 62.5 s
8000Hz | 550 | 425 | 25 | 492 | 850 | 308 | 725 | 528 | s75 | 75 | 625 | 400
12000Hz | 888 | 625 | 458 | 742 | 738 | 458 | 900 | 25 | 575 | 500 | 900 | 675

Subject (Age)
105 (59) | KDG { (28)( CDS (49) (28))
25012 325 | 492 | 535 | S0 | 158 | so0 | s1s | 728
500 Hz %00 | 442 | &7s | so | 208 | 25 | 425 | ns
750 Mz 425 | 475 | 575 | 50 | 492 | 25 | 425 | 700
1000 He 500 | 508 | 675 | 25 | 675 | 25 | 500 | &5
8§ [(isoom: €75 | 575 | 625 | 25 | 658 | 50 | ars | 615
_2000Mz | S2.! 725 | 625 | 675 | 125 | 725 | 100 | S50 | 67.5
§ 3000 Hz 2s 642 80.0 28 ™2 27s 615 625
4000 Wz 975 | 592 | 1075 | 375 | 708 | 300 | #25 | 415
6000 Hz 950 | 975 | 975 | 675 | 593 | 150 | 750 | 200
8000 He 900 | 225 | 900 | 550 | 608 | 100 | 725 | 150
12000 Hz 900 | 425 | 900 | 575 | 575 | 500 | %00 | 525 |
250 M 375 | 408 | 100 | 80 | 125 | 00 | 525 | 775 |
500 Hz 395 | @5 | 75 | 25 | 325 | 25 | 475 | 77
750 Ha as 45.1 125 7.5 50.8 00 ars 72!
o | 1000Hz 525 | 425 | 275 | 25 | 678 | 25 | s00 | 675
& | 1500Hz 575 | 558 | as0 | 75 | 75 | 25 | oo | €25
£ 2000 Hz 750 575 a5 75 s 125 6.5 67.5
2 300 2025 | 592 | 725 | ;s | 78 | ;s | m5 | 650
4000 Hx 107.5 625 750 “as 758 25 700 825
6000 Hz 2s 49.2 525 60.0 675 125 60.0 375
8000 Hz 90.0 308 75 575 708 275 57.5 375
12000 Hz 888 | 425 | 900 | 525 | 558 | 600 | 75 | 605
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] Hearing Thresholds after Sound Conditioning (Step 3) (dBHL) |

Subject (Age)
g
YHI(63)| LGH (3) | HiS (51)] LY (a1) (22) ) ){maw (.
250 Hx 100 | 275 15 a5 325 4715 525 2.5 125 50 515 ns
500 Hz 15.0 375 125 515 0.0 450 500 25 14.2 50 a5 s
750 Ha 250 45.0 7.5 62.5 45.0 525 475 0.0 4“2 0.0 s 675
1000 Hz 75 475 25 62.5 525 525 625 2.5 62.5 0.0 a5 67.5
5 1500Hz | 375 475 00 62.5 700 575 575 2.5 65.8 75 475 625
2000Hz | 47.5 575 15 67.5 ns 625 | 625 15 7S 125 550 675
5 3000Hz | 55.0 675 25 5.0 8.5 675 00 25 842 325 65.0 625
4000 Hz 2.5 5715 2.5 75.0 102.5 5§75 105.0 2s 758 30.0 82.5 4715
6000 Hz | 100.0 10.0 52.5 90.0 45.0 988 45.0 592 ns s ns
$000H: | 988 | 375 | 125 | 475 | 900 | 250 | 900 | 425 | 458 | 100 | 725 | 150
|| 32000 Hz 90.0 45 6.5 90.0 a2 900 300 492 57.5 90.0 50.0
250 He 30.0 10.0 50.0 s 47 100 2.5 12.5 10.0 57.5 __7_7.___
500 Hx 215 31.5 150 675 40.0 47.5 15 2.5 3.5 2.5 525 7.
750 Hx 350 a5 100 ns as 475 10.0 0.0 52.5 5.0 as 725
w | 2000Hz | 350 4.5 150 675 a5 45 250 25 1.5 as 675 |
5 1500Hz | 325 as 75 625 55.0 515 as 25 08 75 60.0 7.5
2000Hz | 375 625 175 ns 75 55.0 450 25 69.2 15.0 61.5 675
§ 3000H2 | 375 65.0 2s 775 107.5 65 00 125 89.2 75 s 675
4000Hz | 50.0 65.0 375 95.0 1075 675 ns 35.0 792 375 65.0 625
6000Hz | 725 50.0 25 525 9.5 500 60.0 500 175 60.0 318
8000Hz | 45.0 40.0 17.5 415 888 ns 650 525 | 558 | 575 75
|| 12000 Hz 88.8 57.5 415 72.5 90.0 375 90.0 45.0 5§15 |- 515 750 675

We repeated the behavioral hearing test (i.e., pure-tone
audiometry) 2~4 times for each frequency at each step and
adopted the average value as a hearing threshold of the
corresponding frequency.

2. Hearing Threshold Changes

Hearing Changes after Control Period (dB) = Step 1 Threshold - Step 2 Threshold

Subject (Age)
YHI (63) | LGH (9) | HHS (S1)| LSY (41) | JOS (59) €DS (49), ¢
20w | 25 | 00 | 00 | 00 | 78 | 17 | 35 | 35 | 58 | S0 | 25 | o0
sooms | 25 | 17 | 00 | 00 | 75 | 33 | 25 | 25 |08 | 0o | 0o | 00
750M: | 50 | 08 | 00 | 00 | 80 | 17 | 25 | 25 | 47 | 25 | o0 | 25
_ [ooowe 50 ["2s5 o0 |00 | 25 | 17 [ o0 | 25 | 50 | S0 | as | oo
§[Tis00v: [ 00 |00 |00 |00 | 25 | 47 | 00 | 50 | 17 [ 25 | o0 | o0
2000M: | 00 | 43 | 17 | 00 | 25 | 00 [ 00 | 00 | 25 [ 25 | 00 | 00
€ [Tsovom |50 [ 95 |42 |00 | 50 | 33 | 25 | 50 | 42 | a5 [ o0 | oo
w0om: | 25 | 42 | 33 | 42 | 25 | a7 | 00 | 25 | 61 | 95 | 25 | 28
6000z | 13 | 75 | 00 | 67 | 25 | 33 | 80 | 50 | 47 | 25 | 00 | 50
%000M: | 00 | 33 | 33 | 47 |00 | 33 | o0 | 25 | &3 | 25 | 25 | s
| (2000w | 00 | 42z | 00 | 33 | 00 | 17 [ oo | 50 |50 75 | oo | 25
280w | 00 | 25 | 17 | 00 |8 | 67 | 00 | 25 | 00 | 25 | 00 | 00 |
S00W: | 25 | 00 | 25 | 00 | S0 | 00 | 25 | 00 | 25 | 00 | 60 | oo
750M | 25 | 08 | 08 | 00 | 50 | 17 [ 25 | 50 | 17 [ 25 | o0 | 28
2000w: | 25 | 00 | 00 | 00 | 50 | 50 | oo | 25 | oo | 25 | 25 | 28
8 [asooms | 25 | 00 | o8 | 00 | oo | 17 | 25 | 25 | 50 | oo |68 oo |
2000t: | 50 | 23 | 00 | 00 | 00 | 00 | o0 | 00 | 25 | 25 [ 480 | s0
i 3000W: | 25 | 88 | 08 | 00 | 25 | &3 | 25 | 0 | 50 | oo |28 | 50
4000 Ha 00 5.0 42 00 17 50 5.0 67 5.0 25 00
6000z | 25 | 47 | 17 | 00 | 25 | 00 | 25 | 25 | 25 |00 | 25 | 00
s000t: | 00 | 50 | 00 | 17 | 50 | 00 | 50 | 50 4_9__! s0 | 25
| [2000W:| 63 | 25 | 47 | ©8 | 480 | 33 | 00 | 00 | 17 | 400 | 25 | o0

Hearing Changes after Sound Conditioning (dB) = Step 2 Threshold - Step 3 Threshold

Subject (Age)

YHI (63) | LGH (9] [ HHS (1)} LSY (41) )| Baw
250W: | 50 | 50 | 00 | 00 | 00 | 17 | o0 33 | o0 | o0 | o0
500 Hz 75 0.0 0.0 0.0 0.0 0.8 2.5 6.7 1.5 0.0 0.0
750M: | 25 | 00 | 00 | 00 | 25 | S0 | 100 50 | 25 | oo | 25
. [T1000H: [ "ox 25 | 00 | 00 | as | 47 | s 50 | 25 | 25 | o0
5§ [3s00m: | 00 | 00 | 25 | o0 | 25 | oo | so 00 | 25 | 00 | 50
2000Wz | 50 | 00 | 00 | 00 | 50 | 00 | 50 00 | 25 [ o0 | 00
§ 3000M: | 25 | 25 | 25 | 25 | 50 | 33 | oo 50 | 50 | 25 | 00
@000H: | 50 | 75 | 50 | s0 | 50 | 17 | 28 S0 [ oo | 00 | o0
$000Hz | 00 | 50 | 25 | 00 | S0 | 75 | 43 o0 | 75 | 25 | 28
8000 Hz -13 0.0 00 0.0 0.0 2.5 00 150 0.0 00 00
12000Mz | 00 | 50 | 50 | 50 | 00 | 06 | 00 83 | 75 | o0 | 25
25H: | 50 | 00 | 25 | 25 | 00 | 67 | 00 00 | 900 | o0 | 00
500Hz | 75 | 00 | 50 | 00 | 25 | o0 0.0 50 | 00 | 50 | 00
750 Ha 1.5 2.5 0.0 5.0 0.0 4.7 L5 4.7 5.0 0.0 0.0

- .
2000Hz | 75 | 00 | 25 | 00 | 50 | 50 | 25 17 | 00 | 25 | o0
8 [isoons | 25 | o0 | 25 | o0 | 25 | a7 | 25 67 | 50 | oo | oo
2000 Hz 10.0 5.0 5.0 0.0 2.5 15 2.5 8.3 2.5 0.0 00
§ 3000H: | 50 | 50 | 75 | 00 | 50 | €3 | 28 37 | 50 | w0 | 28
@000H: | 100 | 25 | 125 | 450 | 00 | S0 | 25 33 | 50 | s0 | oo
6000Wz | 25 | 25 | 00 | 00 | oo | 08 | 7.5 17 | 50 | 00 | 00
8000Hz | 100 | 25 | 450 | 00 | 13 | 47 | 125 | 50 | 150 | 125 | 00 | 00
| [aocom | 63 [ 25 | 00 [ 25 | a3 | 50 | o0 [ 75 | 47 | 25 | s | 00

1Earlogic Corporation, Los Angeles, CA, U.S.A.
2Earlogic Clinic, Seoul, Korea
3Earlogic Auditory Research Institute, Seoul, Korea

Hearing Imp (H1)
Control Sound Conditioning Control Sound Conditioning
10dB < HI<20dB 0 7 (] 14
2048 < HI o 1 0 2
R
Number of Subjects® Number of Samples**
Hearing Dicline (HD)
Control Sound Conditioning Control Sound Conditioning
1048 S HD< 2048 5 4 0 4
2048 < HD 1 ] 1 0

* Number of subjects who showed the corresponding amount of
hearing changes at least one frequency region.

** Each frequency of each subject was considered as an individual
sample.

3. Examples of Audiogram: Before and After Sound
Conditioning (i.e., step 2 & 3)

ID: SIW (left ear)

ID: SIW (right ear)
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ID: BMS (left ear)

ID: JDG (right ear)

Conclusion

1. Customized sound conditioning showed ameliorative effect
on sensorineural hearing loss.

2. Hearing improvement at least one frequency region was
observed in 7 subjects out of 12 subjects.

3. Customized sound conditioning may reduce hearing
declining.

Interface of Customized Sound Stimulus Generator
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Introduction

Several studies have been reported that sound conditioning
(i.e., prior exposure to low-level sounds) could protect hearing
ability against damage by traumatic noise in a number of
mammalian species, including humans.'” ’

The hearing protective effect was shown even when the
sound stimulation was provided after noise trauma.
Acoustic stimuli could also slow progressive sensorineural
hearing loss. Thus, exposure to a moderately augmented
acoustic environment delayed the loss of auditory function.®”
In addition to these protection and retardation effects, long-
term sound conditioning enhanced cochlear sensitivity in
normal hearing guinea pigs.'’

Based on these results, we hypothesized that sound
stimulation could improve hearing ability in people with
sensorineural hearing loss.

Methods

To investigate if sound stimulation could improve pure-tone
hearing threshold, we applied customized sound stimulation to
17 participants with sensorineural hearing loss.

Study Protocol

11 Band Pure-Tone Audiometry (before)

' i
- sC::r::!ds':i::::ﬁon) :

\ 5.

58

f 11 Band Pure-Tone Audiometry (after control) ]

. — i

' ‘LM’A’ A
For 2~3 Weeks Sound Stimulation Period

(twice a day, 40 minutes each time)
>,

- 3

11 Band Pure-Tone Audiometry (after stimulation)
J

\

One or two frequencies between 2~8 kHz at which a
participant showed the worst hearing ability were determined

as a target frequency. Customized sound stimulus consisted of
frequency-modulated tone and amplitude-modulated narrow
band noise. The frequency range of a sound stimulus was 1/3
octave and centered at a target frequency. During the sound
conditioning period, participants listened to the sound stimuli
with one ear (target ear) at a minimum audible level.

To examine the effect of sound stimulation, pure-tone
hearing thresholds before, after control period, and after sound
stimulation period were compared. The hearing test (pure-tone
audiometry) was conducted 3 times for each frequency at each
step. In the case that a participant had two target frequencies,
the averaged hearing threshold of the two frequencies was
used for data analysis.

Target ears, target frequencies, and
demographic aspects of participants

Participant Age (years) Sex Targetear Target frequency ;i

53 M Left 4kHz
41 F Left 4 kHz
34 F Left 4kHz
29 M Right 6 kHz
56 M Right 3and 4 kHz
52 = Right 4KHz
33 F Left 4 kHz
29 M Left 4 KkHz
52 M Right 3and 4 kHz
60 F Right 4 kHz
22 M Right 3and 4 kHz
25 M Right 3and 4 kHz
44 M Left 4 KkHz
49 F Right 4 KkHz
43 F Right 4kHz
46 M Left 4kHz
57 F Right 4kHz

F, female; M, male
a Ear stimulated with customized sound.
b Center frequency of sound stimulation region

Results

More than 6 dB of hearing threshold decreases were observed
in 12 Participants’ target ears after sound stimulation period.
The hearing threshold decrease was more dominant at the
target ears than the opposite ears.
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Decrease of pure-tone hearing threshold Averaged hearing thresholds at target frequency of target ear before,
at target frequency after control period, and after sound stimulation period. A. Averaged

hearing thresholds of all participants. B. Averaged hearing thresholds

of 12 participants who showed more than 6 dB of hearing threshold

eshold “Aftar Gontrol Period i o : decrease. Wilcoxon’s signed rank test was used to test the
il Targetear | Oppositesar | Targetear i differences in hearing thresholds.
18dB<D 0 2 0
12dB<D<18dB 0 2 1 Conclusion
e = : 2 : 1. Customized sound stimulation decreased pure-tone hearing
Ds6dB 17 16 5 14
Total 7 17 7 7 threshold. ;
b ~ 2. More than 6 dB of hearing threshold decrease was observed
in 12 participants’ target ears after the sound stimulation
Change of averaged pure-tone hearing threshold period.

3. After the sound stimulation period, the average of hearing
: threshold decrease of the 12 participants was 13.51 dB
(P=0.00049).
N P= ﬂ_ﬂﬂﬂﬁﬁ
[ - Reference

42 55 1. Protection against noise trauma by pre-exposure to a low
. level acoustic stimulus. Hear Res 1988; 34: 197-200

: 2. Effect of low level acoustic stimulation on temporary
threshold shift in young humans. Hear Res 1992; 60: 149155
3. Protecting against noise trauma by sound conditioning.
Journal of Sound and Vibration 2002; 250: 115-118
4. Enriched Acoustic Environment after Noise Trauma
Reduces Hearing Loss and Prevents Cortical Map
Reorganization. J Neurosci 2005; 25: 699-705
5. The effects of acoustic environment after traumatic noise
exposure on hearing and outer hair cells. Hear Res 2009; 250:
10-18
6. Exposure to an augmented acoustic environment alters
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Hearing Threshold (dBHL)

25

after I stimulation auditory function in hearing-impaired DBA/2J mice. Hear Res
pelet . contin 1998; 118: 101113
7. Prolonged exposure to an augmented acoustic environment
ameliorates age-related auditory changes in C57BL/6J and
DBA/2J mice. Hear Res 1999: 78-88
P= ﬂ_mg 8. Effects of exposure to an augmented acoustic environment
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Abstract

Sound stimulation using a non-traumatic, moderate-level
acoustic signal is a well-known method to protect: from age-
related or noise-induced hearing loss in animals. Several
studies reported that sound stimulation can delay hearing loss
in DBA/2J and C57BL/6J mice and Fischer 344/NHsd rats,
which exhibit progressive sensorineural hearing loss. Pre-
sound stimulation (i.e., exposure to a non-traumatic level
sound before traumatic noise exposure) reduces noise-induced
hearing loss. This protective effect of the sound stimulation
has been observed in a number of different species including
humans. Post-sound stimulation (i.e., exposure to a non-
traumatic level sound after traumatic noise exposure) was also
reported to reduce noise-induced hearing loss in animals. In
this study, we investigated the effect of sound stimulation on
sensorineural hearing loss in 22 participants who had various
types of audiogram. Pure-tone hearing threshold changes with
or without 2 weeks of sound stimulation were compared. Of
22 participants, 14 participants showed a > 10 of hearing
threshold decrease at least at one frequency. Two participants
showed a > 10 of hearing threshold decrease at 5 frequencies.
Totally, 26 samples showed a > 10 of hearing threshold
decrease after the sound stimulation period.

Method

h
Pure -Tone Audiometry (before)
m ¢

Control Period
FRE—— (No Sound Stimulation) |
: o
Pure -Tone Audiometry (after control period) j
For 2 Weeks Sound Stimulation Period ;
(1 hour each day)
- ¢
3
Pure -Tone Audiometry (after stimulation period) |
&

Results

Table 1. Demographic aspects of participants, listening ears,
center frequencies, pure-tone hearing thresholds before
sound stimulation

; Listening
ars) o ear ®

Right 3kHz
Left 4 kHz
Right BkHz
Left 6 kHz
Left 6 kHz
Right 3kHz

i Age e

Participant (ve Se e
(L) 20, 30, 45, 35
(R)25, 35, 55, 70, 60, 55, 60, 50
(L) 10, 15, 15, 15, 15, 35, 35, 35
(R) 15, 10, 10, 10, 10, 10, 30, 15
(L) 20, 20, 20, 20, 20, 25, 30, 25
(R)15, 15, 15, 15, 25, 40, 65, 60
{L)10, 10, 10, 10, 25, 30, 65, 45
(R)10, 10, 10, 10, 30, 30, 50, 35
(L) 10, 10, 10, 10, 10, 15, 50, 55
(R) 10, 10, 10, 10, 10, 10, 15, 30
(L) 30, 50, 60, 65, 75, 75, 90, 85
{R) 30, 50, 65, 60, 65, 70, 90, 95
; (L) 10, 10, 15, 10, 10, 20, 75, 70
Right 4 kHz (R) 10, 10, 15, 10, 15, 45, 80, 80
: (D10, 10, 10, 10, 5, 10, 15, 15
Right 8 kHz (R) 5, 5, 5 5,5, 10, 25,20
{L) 10, 15, 25, 15, 20, 45, 55, 50

Left 4 kHz R) 10, 15, 15, 10, 10, 25, 95, 90
(L)15, 10, 10, 15, 15, 15, 15, 15
(R) 15, 15, 15, 15, 55, 55, 55, 45
(L) 40, 40, 35, 40, 35, 40, 85, 95
R) 30, 30,20, 25, 25, 30, 45, 75
{L) 10, 15, 10, 10, 20, 55, 55, 30
(R) 10, 15, 15, 10, 10, 65, 75, 80
{L) 15, 10, 20, 10, 15, 15, 20, 25
{R)35, 30, 30, 20, 25, 35, 40, 35
{L) 45, 55, 55, 65, 55, 50, 60, 60
(R)45, 55, 55, 60, 55, 50, 65, 60

50
57
30
60
23
28
28
25
24
10 M
n 49
12 39
13 52
14 aa
15 25
16 48
17 42
18 38
19 48
20 28
21 4
22 28

DR IN | AN =

Right 3kHz
Right 6 kHz
Right 4 kHz
Right 6 kHz
Right 6 kHz
Right 4 kHz
Left 6 kHz
Left 3kHz
Left B kHz
Right 6 kHz
Left 3kHz
Right 3kHz
Left 8 kHz

523
E5B
Bl

8
58l
RS

oo
5283

SEr=E]

FBss
By

P

)
8
~ NN

Bz
.g.\
8383

28
o
o

~
S

-
-1

(L) 15, 25, 25,
0, 2!

oim

El
=
-
& 8
©
8
~
o
o

g || 8 |n|n|EZZ|En|E|n|ZZ|Z|E|

523=882

(L) 15, 15, 15, 15, g
(R) 15, 10, 20, 15, 15, 15, 25, 20 |

58
S

F, female; M, male

a. Ear that was stimulated with the acoustic stimulus.

b. Center frequency of the 1/3 octave acoustic signal for sound
stimulation.

Table 2. Participants with clinically significant threshold
decreases after sound stimulation

sy Participants with clinically Significant TD (n)

Left ear Right ear
0.5 kHz 0 0
1kHz 0 0
1.5 kHz 0 0
2 kHz 2 1
3 kHz 2 3
4 kHz 2 3
6 kHz 3 2
8 kHz 2 6

TD: Threshold decrease
Clinically significant: 10dB or more
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Table 3. Participants with clinically significant threshold Figure 2. Average hearing threshold decrease at each
decreases after sound stimulation: details frequency
Participant | Listening sar TD frequency Average hearing thrc?shold decrease at eac.h frequency (+ SEM).
: Each value was obtained from all 22 participants’ data; * P < 0.05.
: “
4 Left 3 kHz
5 Left 8 kHz Left Ear
6 Right 6 kHz &1
: 2 6 kHz 3
(0]
. e 8 kHz 2| a *
4 Left 4 kHz 2 ),,%\ |
; 2 kHz 0| 2 ._,,.é_qr *
o 1
" Right 5 3| o ] - i
6 kHz o) W ? \(L
8 kHz 8 kHz G 2 7 .
12 Right 8 kHz £ —Om after control
13 Right :4 kHz = | -4
3 kHz g’ —@— after sound stimulation
16 Left 6 kHz =l 6 ‘ ‘ ‘
8 kHz % 0.5 1 15 2 3 4 6 8
4 kHz
17 ‘ Left 5 KkHz
‘ e Right E
i ar
18 Left S = 9
4 kHz 4 kHz m| e N
8 kHz -
20 Left 3 kHz o | 4 *
22 Left 8 kHz p
g2
TD: Threshold decrease ol M
Ne] 3
5 T S—
Figure 1. Change of averaged pure-tone hearing threshold % 22 %\é\\%
2 -0 aft I
Average hearing thresholds of the 26 frequencies that showed ﬁ 4 e
threshold decrease of 10 dB or more after the sound o ~—@— after sound stimulation
stimulation.; * P < 0.0001. | 6 " * ‘ : !
0 0.5 1 1.5 2 3 4 6 8
gl
Conclusion

N=26
1. Sound stimulation decreased pure-tone hearing thresholds.
2. Fourteen out of 22 participants (63.6 %) had at least a
single frequency threshold decrease of 10 dB or more.

3. Totally, 26 frequencies showed threshold decrease of 10 dB
or more.

4. A signi-cant, 11.16 dB of hearing threshold decrease was
observed after the sound stimulation in the 26 frequencies.

50 " 46.35
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Abstract

Sensorineural hearing loss has long been considered to be an
irreversible phenomenon. Most likely for this reason, there has
been little or no attempt to investigate the effect of sound
conditioning on the hearing threshold in people with
sensorineural hearing loss. Because we have observed the same
phenomenon (i.e., a hearing threshold decrease due to sound
conditioning) during research on tinnitus treatment, we decided
to investigate the effect of sound conditioning on pure-tone
hearing threshold in people with sensorineural hearing loss.
Sound conditioning using a non-traumatic, moderate-level
acoustic signal is a well-studied method to protect against age-
related or noise-induced hearing loss in animals. In humans,
acoustic signals provided at the hearing threshold level or
slightly higher than the hearing threshold level have been studied
for the treatment of hyperacusis and tinnitus and have been found
to have positive effects. In this study, we adopted the term
“sound conditioning” instead of “sound training” because the
subjects were not asked to pay attention to the acoustic signals.
In addition, because the subjects in the experimental group were
instructed to listen to the acoustic signals at their hearing
threshold levels (i.e., a barely audible level), we named the
experimental method “threshold sound conditioning (TSC)”.

We examined the changes in the pure-tone hearing threshold
after 2~3 weeks of TSC (i.e., sound conditioning with a
frequency-specific acoustic signal at the hearing threshold level)
or music listening (i.e., listening to music at a comfortable
listening level). In addition, we examined hearing threshold
changes without TSC or music listening in both groups.

After the music listening period in the control group, the only
change observed was a hearing threshold increase at one
frequency. In contrast, statistically significant decreases in the
hearing threshold were observed at several frequencies after the
TSC period. Clinically significant threshold decreases of 10 dB
or more were observed at 9 subjects in the experimental group.
In total, clinically significant threshold decreases were observed
for 33 frequencies. The average hearing threshold of the 20 TSC
frequencies before the break period, after the break period, and
after the TSC period was analyzed. A hearing threshold decrease
of 12.6 dB + 2.8 dB (mean + SEM) was observed for the TSC
frequencies of the TSC ear (P < 0.001).

Threshold sound conditioning can decrease pure-tone hearing
thresholds in people with sensorineural hearing loss.

Study Protocol

[ Pure-Tone Audiometry

( For 2~3 weeks Break period

' e

L

TSC or Music Listening Period
For 2~3 weeks

(twice a day, 40 minutes each time)

‘

)
¥
( ——— ]
|
]

( Pure-Tone Audiometry

Subjects

TSC ears, TSC frequencies, frequency ranges of the acoustic signals,
and demographic aspects of subjects in the experimental group

Age TSC

SubjectID (Jod%) Sex TSCear’ ,“_(“,l‘;“y‘ Frequency range *
e IERIEREE 4kHz 3623 - 4309 Hz
PN 41 | F | Left | akmz 3623 - 4309 Hz
R 34 | F | Left 4kHz 3623 - 4300 Hz
AESMN 5o | M | Right |3andaknz| 27237322842
EM s> | F | Right | akmz 3623 - 4309 Hz
(NN 33 | F | Lent 4kHz 3623 - 4309 Hz
O 20 | m | et 4kHz 3623 - 4300 Hz
IR s> | M | Right |3andaknz| 2713-3223W2
SEW 0 | F | Right | 4khz 3623 - 4309 Hz

2714-3228 Hz

TSC-10 22 M Right | 3 and 4 kHz 3623 - 4309 Hz

2714 - 3228 Hz

TSC11 25 M Right | 3 and 4 kHz 3623 - 4309 Hz
VSC-12 44 M Left 4 kHz 3623 - 4309 Hz
T8C-13 49 F Right 4 kHz 3623 - 4309 Hz
TsC-14 43 R Right 4 kHz 3623 - 4309 Hz
3SC-15 46 M Left 4 kHz 3623 - 4309 Hz
TSC-16 57 I Right 4 kHz 3623 -4309Hz

TSC, threshold sound conditioning; F,female; M, male

“ Ear that was stimulated with the acoustic stimulus.

bFrequency at which a subject showed the worst hearing and is the approximate
center frequency of the corresponding acoustic signal

<Frequency range of the acoustic signal for TSC
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Types of the music and demographic aspects of subjects

Subject ID

Con-1

in the control group

ge

Con-2

Con-3

Con-4

Con-5

Con-6

Con-7

Con-8

Con-9

Con-10

Con-11

Con-12

(yAearsy Sex Type of music
51 M Popular music
29 F Popular music
30 F Popular music
3 M Piano music
61 F Piano music
58 F Piano music
45 M Piano music
47 M Piano music
57 F Piano music
51 F Piano music
29 F Piano music
63 F Piano music

Con-13

Results

Average hearing thresholds of 20 target frequencies

41

Piano music

before the break period, after the break period,

and after the TSC period

4
g

Average Hearing Threahold (dB)

Average Hearing Threahold (dB)

A significant hearing threshold decrease was observed after the TSC period.
There were no significant changes in the hearing threshold after the break
period (i.e., without TSC). # P> 0.05 ## P < 0.001

Average hearing threshold decrease at each frequency (+ SEM)
in the experimental group (A) and the control group (B)

>

left ear right ear

-

@ after break period *

- after break period 124

@ after TSC period * |
10 4 T |
8- ‘ /%\ |

» after TSC period

o ob sh
onN

a @

3 3

@

3 2

gl g

g ° b1 ]

© 6 gﬁv‘ * */‘ =
T | | /

. B £ bui _,;?,g/i A4
% 27 ‘ ﬁ’"k o e

E 0. g 0D ;_-,,;#_@.;g\\‘ fé
< 2 'g'z ! < .~-~}f~9
_g4~ £ 4

= =

3—6 8—6

- - 3

025050751 152 3 4 6 8(kHz) 025050751 152 3 4 6 8(kHz)

right ear
#-  after break period
o after music listening period

left ear
@ after break period
»— after music listening period

-t -
&

dbaNonNnNaromoN

-6 -+ ’ . |
025050751 152 3 4 6 8(kHz)

Hearing threshold decrease (dB)

025050751 152 3 4 6 8(kHz)

Hearing threshold decrease (dB)

Hearing threshold decreases at each frequency were assessed after the break
period, the TSC period, and the music listening period. In the absence of
sound stimulation (after the break period), a statistically significant hearing
threshold decrease was shown only at one frequency in each group. After the
music listening period in the control group, the only change observed was a
hearing threshold increase at one frequency in the left ear. Statistically
significant decreases in the hearing threshold were observed at several
frequencies after the TSC period. * P <0.05

Subjects with clinically significant threshold decreases
in the experimental group after TSC

TD frequency TD frequency

Subject ID Subject ID
eI Left ear Right ear i Left ear Right ear

0.25 kHz 4kHz
TC-3 05 kiiz Gl BkHz
4khz 0.25 kHz
TSC-5 8 kHz TSC-13 0.75 kHz
s : ::: 3 kHz 15
TsC-8 it = 0.25 kHz 0.25 kHz
e 0.5 kHz 0.5 kHz
o e TSC-14 o.:i :Hz 0.75 kHz
4 kHz 4 kHz z 1kHz
6 kHz 4kHz
0.25 kHz 6kHz
el 3kHz 3 kHz e 8 kHz

TD: Threshold decrease
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1. INTRODUCTION:
BACKGROUND OF THE STUDY

Sensorineural hearing loss is one of the
most common human disorders, severely
restricting normal activities of daily
living and lowering quality of life. More
than 278 million people suffered from
moderate to profound hearing loss in
2005 according to global estimates by the
World Health Organization (WHO). And,
despite efforts to prevent traumatic and
occupational noise exposure, there are
increasing number of people affected by
noise-induced hearing loss, partially due
to excessive exposure to loud noise with
personal audio equipment and inadequate
workplace precautions. In addition, the
growing demographics of elderly patients
has resulted in increasing prevalence of
age-related hearing loss.

Sensorineural hearing loss is
considered an irreversible phenomenon.
There are data for central neuronal
plasticity with conditioned stimuli in
young developing mammals, important
for normal development of physiological
synapses within the central and
peripheral auditory pathways. However,
there is also growing evidence of residual
capacity for plasticity in adults, both
animal and human synaptic data (Rees,
Guldner, Aitkin 1985; Snyder, Rebescher,
Cao et al 1990; Snyder, Rebescher, Leake,

et al 1991). The introduction of sound
conditioning with the use of hearing aids
has the potential to activate auditory
pathway plasticity and improve basal
frequency hearing as measured by pure
tone audiometry. Additional supportive
data of forward sound conditioning (pre-
conditioning) with exposure to non-
damaging sound stimulation creates a
tolerance and protective effect to
subsequent sound trauma (Canlon et al.
1988, Ryan et al. 1994, Yoshida and
Liberman 2000).

The authors presented pilot data
confirming decreased hearing threshold
with backward sound conditioning in
subjects with sensorineural hearing loss
due to otoacoustic trauma[22]. As the
subjects in the experimental group were
treated with acoustic signals at their
hearing threshold levels (i.e., just below
audible levels), we coined the
investigational method “threshold sound
conditioning (TSC)”. The primary
endpoint was change in the pure-tone
audiometry measured hearing threshold,
specifically in the basal frequency loss
prior to TSC, after 2~3 weeks of
treatment (i.e., sound conditioning with a
frequency-specific acoustic signal) or
music listening volume (i.e., listening to
music at a comfortable listening level).
Previously published efficacious sound
stimuli include octave band noise, broad-
band noise, pure tones or music
(Henselman et al., 1994; McFadden et al.,
1997; Kujawa and Liberman, 1997;
Miyakita et al., 1992; Canlon et al., 1988;
Canlon and Fransson, 1998). These
conditioning stimuli are known to protect
against forward sensorineural acoustic
trauma that are identical or within 2-3
octave span from the given stimuli
(McFadden et al., 1997; Kujawa and
Liberman, 1997; Canlon et al., 1988;
Franklin et al., 1991; Miyakita et al.,
1992). After the music listening period in

Neurology’

THE MOST WIDELY READ AND HIGHLY
CITED PEER-REVIEWED NEUROLOGY JOURNAL

The Official Journal of the
American Academy of Neurology

Abstract published online before print April 8, 2015
Neurology April 6, 2015 vol. 84 no. 14 Supplement 526.006.

Copyright © 2015 by AAN Enterprise, Inc.

the control group, the only change
observed was a hearing threshold
increase at one frequency. In contrast, the
presented data and analysis demonstrates
statistically significant decreases in the
hearing threshold at several frequencies
after the TSC period.

The focus of the present study is to
confirm the previously presented pilot
data in a large double blinded
randomized controlled study comparing
the specific frequency hearing threshold
changes after short term treatment (4
weeks) with or without TSC delivered by
an behind-the-ear digital hearing aid.

2. PURPOSE OF THE STUDY

This study provides class 1 evidence
through a double blind randomized
placebo controlled trial of threshold
sound conditioning (TSC) and its safety
and efficacy in ameliorating increased
threshold of hearing frequency as
measured by pure tone audiometry. Null
hypothesis in this study was that TSC
doesn’t have a significant effect on
auditory threshold amelioration.
Alternative hypothesis was that TSC has
a significant effect on auditory threshold
amelioration.

3. METHOD

The study protocol and consent forms
were approved through the Stanford
University Medical Center Human
Subjects Research and Institutional
Review Board of the Research
Compliance Office. Ninety six subjects
were consented and screened through the
single tertiary care University Neurology
clinic. Based on history, physical
examination, and screening PTA test, 52
people were excluded based on inclusion
and exclusion criteria. The other 44

This document is confidential and proprietary. It may not be circulated, reproduced or disclosed in whole or part for any purpose other than to evaluate the
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subjects were consented to participate in
the study. Two subjects dropped out for
personal and logistic reasons unrelated to
the study prior to randomization. 42
subjects were randomized and all
completed the study. Data from three
subjects were excluded in the data
analysis for pre-specified reasons
outlined in the statistical plan (frequent
false response, ear wax, test fallacy, etc.).
Data from the final 39 subjects were used
to analyze “safety and efficacy of
threshold sound conditioning by
conditioning-enhanced hearing aid (TSC
hearing aid)” using an intention-to-treat
design. Of the 39 subjects, 23 were in the
TSC group, and 16 were in the control

group.

Inclusion Criteria:

1) Subject with 1 or more frequency
threshold value over 40 dB HL

2) Subject who can operate the TSC
volume of the test hearing aid

Exclusion Criteria:

1) Subject who has 3 or more air bone
gaps of over 10~15 dB

2) Subject who has 3 or more
frequency regions with profound
hearing loss of over 90 dB

3) Subject who cannot comply with or
violates protocol instructions

4) Subject who is currently
participating in another study protocol

3.1. Hearing Test

PTA (Pure Tone Audiometry) was
performed at 8~9 frequencies (0.25, 0.5,
1,2,3,4, 6,8, and 12 KHz) in both ears
of each subject. The 1st PTA was the
baseline hearing test prior to being
randomized and wearing the asigned
hearing aid. The 2nd PTA was after
completing the full intervention of using
the assigned hearing aid for 2~3 weeks.

3.2. Procedure

1) Subjects who meet inclusion/exclusion
criteria visited the research site for the 1st
PTA. Hearing thresholds were obtained at
8~9 frequencies (0.25, 0.5, 1,2, 3, 4, 6, 8,
and 12 KHz).

2) Based on 1st PTA results, a single TSC
region was selected at 3, 4, or 6 KHz for
the TSC group.

3) Subjects used a TSC conditioning-
enhanced hearing aid for 2~3 weeks, or
an identical hearing aid without TSC for

the control group. Subjects in TSC group
underwent TSC for 1 hour per day at the
lowest audible level (i.e., the hearing
threshold level).

4) After undergoing 2~3 weeks of
treatment, subjects visited the research
site for the follow-up PTA.

5) The hearing threshold changes in the
groups were statistically analyzed.

3.3. Stimulus for TSC

TSC target was to stimulate one Bark
region in the cochlea (Approx. 1 mm i.e.,
a single auditory filter in a cochlear
length of total 25 mm). The TSC signal
type was the amplitude and frequency
modulated sinusoidal stimulus presented
at the lowest audible level. The center
frequency of the stimulus was 3, 4, or 6
KHz.

4. STATISTICAL PLAN

4.1. Statistical Methods

Chi Square Test and One-Way, Two-Way,
and Three-Way ANOVA were used as
statistical tools to evaluate the clinical
test results in this study.

4.2. Subject (N=39)

Older group: >70 years old, n=20
Younger group: <70 years old, n=19
Female group: n=22

Male group: n=17

TSC group: n=23

Control group: n=16

Ameliorated Subject: Subject who
showed a threshold decrease of 10 dB or
more in at least one frequency band
without any threshold increase

Mixed Subject: Subject who showed
both a threshold decrease and threshold
increase of 10 dB or more

No Change: Subject who showed neither
threshold decrease nor increase of 10 dB
or more

Deteriorated Subject: Subject who
showed a threshold increase of 10 dB or
more in at least one frequency band
without any threshold decrease
Ameliorated Band: Frequency band that
showed a threshold decrease of 10 dB or
more

Deteriorated Band: Frequency band that
showed a threshold increase of 10 dB or
more

4.3. Independent Variables and
Dependent Variables

There were three fixed factors in this
study; TSC, sex, and age. TSC was an
independent variable 1 (IV1) designating
TSC group as ‘1’ and non-TSC (control)
group as ‘0’. Sex was independent
variable 2 (IV2) designating the female
group as ‘1’ and male group as ‘0’. Age
was independent variable 3 (IV3)
designating older group (=70 years old)
as ‘17 and younger group (<70 years old)
as ‘0’. There were two dependent
variables. A dependent variable 1 (DV1)
was expressed in four-point scale by
threshold change designating ameliorated
change as ‘3’, mixed change as ‘2’, no
change as ‘1°, and deteriorated change as
‘0’. A dependent variable 2 (DV2) was
expressed in two-point scale by threshold
change designating ameliorated & mixed
change as ‘1’ and no change &
deteriorated change as ‘0’.

Dependent Variable 1 (DV1):
Threshold Change (Ameliorated=3,
Mixed=2, No Change=1, Deteriorated=0)
Dependent Variable 2 (DV2):
Threshold Change (Ameliorated &
Mixed=1, No Change & Deteriorated=0)
Independent Variable 1 (IV1):

TSC (TSC=1, Control=0)

Independent Variable 2 (IV2):

Sex (Female=1, Male=0)

Independent Variable 3 (IV3):

Age (Older=1, Younger=0)
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4.4. Statistical Samples for ANOVA

IV1: TSC (1), Control (0) / IV2: Female (1), Male (0) / IV3: Older (1), Younger (0)
DV1: Ameliorated (3), Mixed (2), No Change (1), Deteriorated (0)
DV2: Ameliorated & Mixed (1), No Change & Deteriorated (0)

02 [ 04 2 67 | 71 78
Sex | F|F|F| M| M|[F|F|M[F]|F F|F|F|[M|[M[M|[M|F[M|F|F|M
[Age | 68 |64 |70 | 71 | 70| 52| 72|53 |55 |77 |79 |45 72| 80|67 | 72| 65|64 | 76|66 |78 | 71 [ 21
Dvi| 2 |02 ]2]|3 2 3 O L T2 |2]09]3 0
DvV2| 1 |01 [1]¢2 1 T 011 T ola 0 0
oup (0
1D | 03] 06 53 [ 56| 57| 64|66 |74 |79 85|87 88 90[85[ 96
Sex | F (M| F M| F[M|F|M|F F|F|M|F|F[|M
Age | 78 | 77 | 65 |65 | 80| 78 | 45 |46 |57 |82 |54 |71 |54 76| 76| 32
Dvi| 0 |03 |00 |01 R O T 1
pvz | 0 ijo|o|o|o0]o0 O[o|0|o[1][1]|0
N |01 ]02[03]o0af05[06]07 09101 [12[1B[1a[15[16[17[18[19[20[21 2223
R TR RN E A R L R e R
B E R R RN R L RN
. RN RN R R R N )
. BRSNS R R R Y D
ontrol Group (0
ID | 28 |25 26|27 | 28| 29[ 30 [ 31 |32 |33 [34[35[36( 37 38 [ 39
R E R N R
BT i [o o[ To oo fT|[O|t D[220
B 0 (0|3 |ofo[1[o|T[3[ol1[T[0o[3[3]1
DV2| 0 |0 |1 |0]o0|Oo|oO0|o0o|[1|O0[o|[O O[T ]|[1][0O
5. RESULT
o
5.1. Basic Results

The number of subjects who showed either a threshold improvement
of 10 dB or more in at least one frequency versus increase of 10 dB or
no threshold change in total subjects

The Number of Subjects Who Showed Either a Threshold Change of 10 dB or More in
a (in Total Subjects

in Total Subject

| 55% (N=12) |

| _Ameliorated subject WEECANCCINMRITY
Il | 20% (N=4) [ 32%(N=6) | 18%(N=

Mixed Subject 0% (N=6) | 26% (N=5) | 23% | 35% (N=6)
TR | 5% (N=1) [ 16%(N=3) | 4%(N=1) [18%(N=3) [ 9%(N=

Ameliorated Subject: Subject who showed a threshold decrease of 10 dB or

more in at least one frequency band without any threshold increase / Mixed
Subject: Subject who showed both of the threshold decrease and increase of
10 dB or more / No Change: Subject who showed neither threshold decrease
nor increase of 10 dB or more / Deteriorated Subject: Subject who showed a
threshold increase of 10 dB or more in at least one frequency band

[ 12%(N=2) |

The number of the frequency bands that showed a threshold
change of 10 dB or more in total subjects

The Number of the Frequency Bands That Showed a Threshold Change of 10 dB or More
({in Total Subjects)

]i
|
|
|

i ik --_ u--

57%(N=28) | 55%(N=22) | 72%(N=39) | 31%(N=11) | 60%(N=31) |51%(N=19)
EESEETESTE | 43% (N=21) | 45%(N=18) | 28%(N=15) | 69%(N=24) | 40%(N=21) | 49% (N=18) |

Ameliorated Band: Frequency band that showed a threshold decrease of 10
dB or more / Deteriorated Band: Frequency band that showed a threshold
increase of 10 dB or more

The number of subjects who showed either a threshold change
of 10 dB or more in at least one frequency or no threshold
change in TSC group

The Number of Subjects Who Showed Either a Threshold Change of 10 dB or More in
at Least One Frequency Or No Threshold Change (in TSC Group)

Ameliorated Subject  JERRETTRTEY]) 27% (N=3) 62% (N=8) ’
[T owN=0) | 27%(N=3) [ 8%(N=1) 0%(N-2) |
| Mixed Subject  [EREPIATYEL]) 27% (N=3) 23% (N=3) 50%(N=5) |
| No Threshold Change  [RERETATIE T EEE IR Y TA 201 TUTmNeY [ io%iNen |

The number of subjects who showed either a threshold change
of 10 dB or more in at least one frequency or no threshold
change in control group

The Number of Subjects Who Showed Either a Threshold Change of 10 dB or More in
at Least One Frequency Or No Threshold Change (in Control Group)

T [ OMder(N<8) || Younger(Ne8) | Female(N-0)  Male(N-7)

25% (N=2) [ 25%(N=2) | 444%(N=4) |  0%(N=0)
BT So%(N-4) | 375%(N=3) | 333%(N=3) | 57%(N-4)
BT nsxel) [ 2swiN=2) [ 222%(N=2) |
[ No Threshold Change |ESREPET ATV S RINET X (VIR S (VT R

The number of the frequency bands that showed a threshold
change of 10 dB or more in TSC group

The Number of the Frequency Bands That Showed a Threshold Change of 10 dB or More
(in TSC Group)

TECHCITMN | Older(N-28) || Younger(N-24) | Female(N=28)  Male (N-24)

AT ce%(n-19) | S0%(N-12) | 79%(N=22)

68%(N=19) | 50%(N=12) | 79%(N=22)
[Deterormea (M)

50%(N=12) |  21%(N=6)
The number of the frequency bands that showed a threshold
change of 10 dB or more in control group

| 63%(N=15)

The Number of the Frequency Bands That Showed a Threshold Change of 10 dB or More \
(in Control Group) |

DTN | oder(N=21) | | Vounger(N=16) = Female(N=26)  Male (N=11)
T [ a3%(N=9) [ e25%(N=10) | 65%(N=17) | 18%(N=2)
BT | s7w(N-12) [ 375w(Ne6) | 3s%(N=8) | 82%(N=9)

5.2. Statistical Results (See the Appendix 1: ANOVA
RESULTYS)

The number expressed in percentages indicates the ratio of the
number of subjects who showed a threshold amelioration of 10
dB or more in at least one frequency band. All P values were

proved by Scheffe's post hoc test or Tukey's HSD post hoc test.

TSC group (78%) showed a significant difference from control
group (44%) on auditory threshold amelioration; P=0.008091 in
DV1,.P=0.000546 in DV2 by Scheffe s post hoc test. Female
subjects (77%) showed a significant difference in DV1 from
male subjects (47%); P=0.025468 in DV1 by Scheffe s post hoc
test. Older subjects (75%) showed no significant difference
from younger subjects (53%); P=0.139149 in DV1,
P=0.082920 in DV2 by Scheffe s post hoc test. The other
statistical results were as follows;

Female in TSC vs. Male in Control: P = 0.004504 in DV1, P =
0.001537 in DV2 by Scheffe s post hoc test

Male in TSC vs. Male in Control: P =0.134098 in DV1, P =
0.016449 in DV2 by Scheffe's post hoc test

Older in TSC vs. Younger in Control: P = 0.046568 in DV1, P =
0.003339 in DV2 by Scheffe s post hoc test

Older in TSC vs. Older in Control: P = 0.026420 in DV1, P =
0.003339 in DV2 by Scheffe s post hoc test

Older Female Subjects in TSC Group vs. Younger Male Subjects
in Control Group: P = 0.039637 in DV1, P = 0.005917 in DV2 by
Tukey s HSD post hoc test

Older Female Subjects in TSC Group vs. Older Male Subjects in
Control Group: P = 0.047998 in DV, P = 0.016162 in DV2 by
Tukeys HSD post hoc test

Older Male Subjects in TSC Group vs. Younger Male Subjects in
Control Group: P =0.152064 in DV1, P = 0.023918 in DV2 by
Tukey s HSD post hoc test
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6. DISCUSSION

Utilizing the Pure Tone Audiometry
method of providing an acoustic signal
corresponding to a frequency band to
subjects, and subsequently measuring the
hearing ability at the frequency band
through user responses, the sensorineural
hearing loss and specific bands were
documented (compared to age/sex-
matched reference hearing thresholds).
The user’s response information on the
volume adjustment was stored as the
hearing threshold corresponding to the
acoustic signal of the selected frequency
band — corresponding to the threshold of
the hair cell region having frequency
specificity on the selected frequency
band. Based on the comparison results,
the algorithm could determine a target
frequency band requiring treatment. In
addition, these algorithm comparisons
can also determine adjacent hair cell
region limitations and high hearing
thresholds as added targets. The data
were used to ascertain a stimulation
region of each frequency band, detecting
hair cell regions to which the TSC was
provided. Particularly, the detection of
the stimulation region determined the
frequency band corresponding to a
damaged hair cell region.

The TSC output the acoustic signal
with a preset intensity to the frequency
band of the damaged hair cell. The
treatment algorithm allowed for an
intensity higher by predetermined level
than the hearing threshold of
corresponding band. In addition, the
acoustic signal corresponded to at least
one of the amplitude modulated tone,
frequency modulated tone, pulse tone and
amplitude modulated narrow band noise,
or combination of the tones and the noise.
Although the exclusion criteria attempted
to reject those with too extensive or
diffuse sensorineural loss, such as those
with several damaged hair cell regions,
the acoustic signal could be provided to
the damaged hair cell regions in an order
of damage severity, randomly or
simultaneously. The proprietary
algorithm allowed for TSC signal
delivery at various intensities, types or
orders.

After the target frequency band was
confirmed, the behind-the-ear hearing aid
was fitted for the individual’s ear, set
with the algorithm determined intensity,

type, and outputs of the acoustic signal
set.

TSC showed a significant effect on
auditory threshold amelioration. There
was no safety issue with the hearing aid,
the TSC algorithm, or the overall study.
The efficacy of TSC was statistically
significant (P=0.0271 by Chi Square Test,
P=0.008091 in DV1 by Scheffe's post hoc
test, P=0.000546 in DV2 by Scheffe’s
post hoc test).

Ratio of the number of subjects who
showed one or more frequency regions with
threshold amelioration above 10 dB

A

100%

TSC
Group

50% Control
Group

50%

Ratio of the number of subjects who
showed one or more frequency regions with
threshold deterioration above 10 dB

Sound conditioning using a non-
traumatic, moderate-level acoustic signal,
a technique that is also known as
“augmented acoustic environment (AAE)
or “enriched acoustic environment,” is a
well-established forward method to
protect against age-related or noise-
induced hearing loss in animals
[11,[2],[3]. A series of studies reported
that AAE can delay hearing loss in
C57BL/6J and DBA/2J mice and Fischer
344/NHsd rats that exhibit progressive
sensorineural hearing loss [1],[4-9]. The

29

AAE-exposed animals showed lower
auditory brainstem response (ABR)
thresholds than the control group. In an
alternative study with Fischer 344/NHsd
rats, the backward ameliorative effect
was induced even when the AAE was
applied several months after the onset of
hearing loss, and interestingly, some
improvement in the ABR thresholds (i.e.,
a decrease in the ABR thresholds) was
observed in one AAE-exposed rat [9].

Forward sound conditioning (i.e.,
exposure to a non-traumatic-level sound
before traumatic noise exposure) reduces
the extent of the noise-induced
permanent hearing threshold shift (PTS),
and the PTS reduction can be as large as
30~40 dB. This protective effect of sound
conditioning has been documented in a
number of different species of animals,
including guinea pigs [2], chinchillas [10],
gerbils [11], rats [12], and mice [13].
These studies have used a variety of pre-
exposure sounds and traumatic noises
that vary with respect to the acoustic
signal type (i.e., noise or pure-tone),
frequency, intensity, and duration.
Surprisingly, hearing protection was
induced even with sound conditioning as
short as 15 minutes in'mice [13],[14].

In an early human study, the effect
of low-level training acoustic stimulation
(70 dB for 6 hours/day for 9 days) on the
susceptibility to noise was first assessed
in teenage subjects by comparing noise-
induced temporal hearing threshold shifts
[15]. During the training period, the
subjects listened to music at the 70 dBA
pre-specified levels, and this acoustic
intervention significantly reduced noise
susceptibility compared with the level of
susceptibility in the pre-training period,
particularly in the 3-3.5 kHz on and after
D9. The experiment continued past the 5
days, and showed further reduction of
TTS which expanded to 2-5 kHz. In
addition, the training effect diminished
four days after stimulation cessation
clearly implying the reported stimulation
parameters have reversible effects. In
animal models, Canlon et al. (1991)
showed that rabbits maintained some
level of “protective effect for several
weeks to a month after forward
stimulation. These differences may be
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partially explained by natural differences
in species, length of training, intensity
and frequency of stimulation. In addition,
there is mounting evidence that suggests
periodic stimulation interspersed with
quiet rest also may add to the forward
protective effects (Clark et al. 1987,
Anderson et al. 1991, Subramanian et al.
1991). These factors were included in the
design of the current methodology and
treatment algorithm.

There are potentially many
underlying physiologic adaptive
responses, although the exact
mechanism(s) are not fully delineated.
For example the motor capacity of the
outer hair cells, and their ability to
condition to repetitive environmental
stimulation, and post-stimulation fatigue
have been described. This allows the hair
cells, not only function as mechano-
electrical transducers, but also have
active capacity to dampen or screen the
persistent auditory stimulations as a
protective mechanism at the ipsilateral
cochlea and basilar membrane level.

An alternative set of data that
suggests more proximal or central
involvement came from Cody et al. (1982)
demonstrating improvement of monaural
hearing sensitivity loss from contralateral
ear stimulation. In the same experiment,
contralateral same frequency activation
reduced the monaural deficiency;
however, alternative frequency
contralateral stimulation had no
ameliorating effect. Finally, the
administration of strychnine to the hair
cells in the basilar membrane of cochlea,
an auditory efferent activity blocker, also
eliminated the ameliorating effects
suggesting the efferent effects of both
ipsilateral and contralateral auditory
pathways play a role in threshold sound
conditioning. Klinke and Galley (1974)
proposed how the contralateral efferent
pathways reduce the ipsilateral afferent
potentials, essentially downgrading the
amplitude of the compound action
potentials, thereby dampening the central
signaling pathways.

More recently, there is further
evidence that sound conditioning releases
adrenocorticotrophin hormone and
glucocorticoid release and alteration of
the hypothalamic-pituitary-adreal (HPA)
axis. Secondary evidence such as
adrenalectomy resulting in HPA
disruption negates the efficacy of sound

conditioning. And, subsequent
corticosterone replacement of these same
adrenalectomized mice also show the
normalized protective threshold effects.
Similarly, disrupting those same
glucocorticoids in a non-
adrenalectomized mouse (using
metyrapone + RU486) again removes the
protective effects of sound conditioning
(Tahera et. A12007). It is hypothesized
that sound conditioning may prevent the
glucocorticoid blocking effects at the
level of the hair cells in the cochlea, and
eventually the central components of the
hypothalamic-pituitary axis. And while
the forward conditioning does not elevate
glucocorticoid levels a measurable
amount, the outer hair cells may gain an
increased sensitivity to baseline
glucocorticoid levels through rapid GR
receptor upregulation or and stabilization,
and decrease GR degradation (Conway-
Campbell et al. 2007, Schaff and
Cidlowski 2002).

Backward sound conditioning (i.e.,
exposure to a non-traumatic level sound
after traumatic noise exposure) has also
been reported to reduce noise-induced
hearing loss [3],[16],[17]. Compared with
the control group exposed only to
acoustic trauma, guinea pigs conditioned
with non-traumatic level sound after the
traumatic noise exposure exhibited a
reduced ABR and DPOAE (Distortion
Product Otoacoustic Emissions)
threshold shift [16]. In addition to the
ABR threshold shift reduction, the level
of outer hair cell loss was also decreased
in sound-conditioned chinchillas [17].
The ameliorative effect on hair cell
damage was induced even with an
ambient level of sound conditioning [18].
Cochlear damage is known to be
followed by the reorganization of the
cortical tonotopic map in cats [19], and
backward sound conditioning prevented
this reorganization, indicating that the
ameliorative effect of sound conditioning
can be induced in the central auditory
system as well as the peripheral region
[3].

In humans, acoustic signals that are
provided at the hearing threshold level or
slightly higher than the hearing threshold
level have been studied for the treatment
of hyperacusis and tinnitus [20],[21].
Hyperacusis is a disorder involving
loudness perception, and people with
hyperacusis complain of bothersome
loudness at moderate levels. Tinnitus is

the perception of sound in the absence of
corresponding external sound. Both
symptoms are known to be closely
related to sensorineural hearing loss.
Norefia and Chery-Croze reported that
hyperacusis could be improved by
hearing-threshold-level acoustic
stimulation [20]. The ameliorative effect
was observed as soon as 2 weeks after the
initiation of acoustic stimulation. Tass et
al. used acoustic signals slightly higher
than hearing threshold levels for tinnitus
treatment, and these acoustic signals
induced a significant decrease in tinnitus
loudness and symptoms [21].

Over recent years, there is mixed
data regarding the ameliorating backward
effects of threshold sound conditioning in
sensorineural hearing loss. The pilot
human data, and this randomized
controlled robustly powered prospective
clinical study in a broad range of subjects
demonstrates a significant improvement
in a narrow band frequency threshold.
These data have important clinical
implications since there is no current long
term therapy for this widespread and
growing disability. In addition, this may
have far-reaching implications for acute-
chronic associated disorders such as
tinnitus and Meniére’s disease.
Furthermore, with the growing broader
understanding of TSC with triggered
downstream activation of the central and
peripheral glucocorticoid pathways,
algorithmic therapies, including adjunct
combination of sound conditioning with
steroids can be further tested. These data
are the latter steps of gaining regulatory
review of this technology to potentially
make it widely available in a systematic
and controlled standardized fashion to
patients. Additional physiologic,
mechanistic, and molecular studies may
be necessary to fully elucidate the
pathophysiology and mechanism of
action of TSC.
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