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Tinnitus sound therapy with open ear canal hearing aids
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Abstract. Tinnitus sound therapy with open ear canal hearing aids. Objective: The aims of this study were to evaluate
the efficacy of open ear canal hearing aids in tinnitus treatment and to investigate the influence of gender, age, medica-
tion usage, tinnitus cause, tinnitus perception side, tinnitus pitch, pure tone audiometry, distortion product otoacoustic
emissions, and minimal masking level on outcome.
Methodology: One hundred tinnitus patients were evaluated by the tinnitus handicap inventory (THI) at the beginning of
the study and after nine months of treatment. All subjects were submitted to counselling and sound enrichment from the
simple sound amplification provided by the open ear canal hearing aids.
Results: Initial mean THI score was 54.22 (+ 20.37) and final mean score was 28.32 (+ 16.50), p <0.0001. No statisti-
cally significant correlations were found between THI value reduction and the studied parameters.

Conclusion: Open ear canal hearing aids were useful in all tinnitus patients with mild hearing loss

Abbreviations.

DPOAE Distortion Product Oto-
acoustic Emissions

MML  Minimal Masking Level

OHAs Open Ear Canal Hearing
Aids

PTA Pure Tone Audiometry

THI Tinnitus Handicap Inven-
tory

TRT Tinnitus Retraining Therapy

VAS Visual Analogue Scale

Introduction

The importance of stimulation in
tinnitus treatment is well known,
although many different stimuli
can be used therapeutically. For
example, tinnitus retraining
therapy (TRT) uses sound enrich-
ment as the stimulus,’ while
transcranial magnetic stimulation
(TMS) uses magnetic stimuli.?
Sound stimulation can also be pro-
vided by hearing aids. Several
studies have shown that tinnitus
patients benefit from the use of

hearing aids.** Hammond suggested
that hearing aids that reduce
uncomfortable noise can be useful
for tinnitus treatment.” Surr et al.®
reported that approximately 50%
of patients utilizing hearing aids
experienced improvement in tin-
nitus and that patients improved
by an average of 10% within 6
weeks of using the hearing aid.’
Folmer and Carroll" studied 150
tinnitus patients (50 used hearing
aids, 50 used in-the-ear sound
generators, 50 used nothing) for
18 months and found that patients
who wused ear-level devices
showed better results than patients
without instruments.

Wherever possible, patients
should be fitted with open ear
hearing aids. The importance of
utilizing hearing aids with suffi-
cient ventilation"” has become
more evident with the availability
of open ear devices. Partial occlu-
sion of the external auditory canal
can lead to dissatisfaction with the

device and, in some cases, can
increase the perception of tinni-
tus.” In a previous publication,"
sound enrichment delivered by
open ear canal hearing aids
(OHAs) was shown to provide
good results.

The aims of this study were to
justify the use of OHAs in tinnitus
treatment and to investigate the
effect of parameters such as
gender, age, time elapsed from
tinnitus onset, medication usage,
tinnitus cause, tinnitus perception
side, tinnitus pitch, loudness per-
ception, pure tone audiometry
(PTA), distortion product oto-
acoustic emissions (DPOAE), and
minimal masking level (MML) on
outcome of OHA use.

Materials and methods

Subjects

One hundred consecutive tinnitus
patients (52 males, 48 females;
mean age: 55.23 +13.068) who
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came to our clinic between
November 2007 and September
2009 were analysed. All patients
reported tinnitus for at least six
months prior to enrolment. In all
patients tinnitus was associated
with ski slope or mild conductive
hearing loss. Only 17 patients
also reported hyperacusis. The
cause of tinnitus was unknown
for 58 subjects, while 17 subjects
reported cranial trauma, 10 reported
acoustic trauma, 5 reported surgi-
cal trauma, 4 reported a vascular
problem, 2 had a bacterial origin,
1 had a stress origin, 1 had sudden
hearing loss, 1 had a viral infec-
tion, and 1 woman suffered from
tinnitus after a childbirth. Sixty-
two patients reported a pulsatile
tinnitus and 38 subjects reported
hearing a sound like flowing water.

OHAs were provided to
patients with the intent to primari-
ly treat the hearing loss and
secondarily treat their tinnitus. No
patients discontinued use of the
hearing aids during the study.

As a control group, the same
variables were assessed in ten
tinnitus patients (5 males and
5 females; mean age 5698 +
9.132) fitted with “classical” hear-
ing aids.

This study was approved by the
Independent Ethics Committee of
the Fondazione Ascolta e Vivi.

Protocol

Protocol of this study included:
initial clinical examination and
ENT evaluation.

Pure tone (PTA), speech
audiometry, and tinnitus measure-
ment: hearing sensitivity was
assessed with an Orbiter 2922
audiometer (GN OTOMETRICS
Madsen, Copenhagen, Denmark,
version 2) together with a Madsen
Electronics headset TDH-39

(ANSI  1996). For speech
audiometry a list of Italian
bisyllabic words were used" and
the thresholds were measured in
dB HL. Amplaid 720 equipment
was used for immittance measure-
ment. High-definition DPOAESs
(10 pp/octave) were recorded with
Scout Sport equipment (Bio-logic
System Corp, Chicago, IL). The
upper limit of the DPOAE fre-
quencies was 10 kHz, with a range
of 100 dB. The DP-Gram ranges
were -30 to 70 dB and 250 to
16,000 Hz in conformity with
the Vanderbilt 65/55, 95-5th
percentile specifications. The
parameters for measuring the
DPOAEs were: a beginning fre-
quency of 500 Hz, an ending
frequency of 10,000 Hz, an F2/F1
ratio 1.22, 15 points per octave, an
L1 level of 65 dB, and an L2 level
of 55 dB. Stopping criteria were:
a minimum DP amplitude of -
10 dB, a noise floor of 17 dB, an
S/N ratio of 6 dB, and a point time
limit of 20 seconds. PTA, speech
audiometry, tinnitus measure-
ment, and DPOAE were carried
out in a silent cabin (background
noise level 29 dBA) with a noise
reduction coefficient of 20 dB. No
recruited patients required ABR,
Eco-G, or MRI.

Initial administration of the
visual analogue scales (VAS) and
the tinnitus handicap inventory
(THI).

Counselling and sound enrich-
ment according to TRT."* The
sound enrichment was given from
the simple sound amplification
provided by the OHAs.

OHAs were fitted for use at
least 8 hours/day.

Counselling and fitting checks
after one month and every three
months thereafter.

The patients attended regular
follow-up visits for nine months.
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Instruments

Three types of OHAs were used:
80 patients used GN Resound Air
or Air+, 15 patients used Widex
Elan Diva, and 5 patients used
Starkey Aspect Xtra. “Classical”
hearing aids were Phonak Naida
aids.

Statistical Analysis

Because of the small number of
subjects, the non-parametric
Mann-Whitney test was used to
compare the two groups. Repeated
measures ANOVA was performed
to evaluate the THI and VAS
scores and the effects of the other
variables on these scores (we
modelled the analysis as THI or
VAS = age + gender + etcetera).
Data were analysed using the
SPSS® program (SPSS Inc.,
Chicago, IL).

Results

Audiological Results

As shown in Figure 1, the OHASs
group had normal hearing until
1 kHz, and mean hearing loss
was 22.86 (£ 12.662) in the right
ear and 27.65 (+ 16.255) in the left
ear between 250 Hz and 500 Hz.
There was a moderate slope from
1 kHz to 8 kHz. In this range,
the mean hearing loss was 46.05
(£22.528) in the right ear and
5595 (+21.051) in the left ear.
All subjects reported bilateral
hearing deficits and were fitted
for OHAs binaurally. With regard
to speech audiometry, the percep-
tion threshold was 35.59 (x 7.164)
without OHAs and 25.38 (x 7.658)
with OHAs. DPOAE abnormali-
ties were detected in 56% of
the patients. Sixty-one subjects
reported  unilateral  tinnitus
(42 right side, 19 left side) and
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Table 1
Effect of variables on outcome. P-values from repeated measures ANOVAs
THI YAS . VAS
Quality of life | Overall problem

Gender 0.143 0.098 0.325
Age 0.720 0.832 0.973
Time elapsed from tinnitus onset | 0.311 0.479 0.723
8526 s(::.bgzec(ti;cl?st;?inlsnedications) 0.068 0.089 0.064
Tinnitus cause 0.073 0.094 0.092
Tinnitus perception side 0.832 0.243 0.736
Tinnitus pitch 0.092 0.062 0.183
Loudness perception 0431 0.746 0.632
PTA 0.672 0.737 0.768
DPOAE (normal or pathologic) 0.736 0.832 0.532
MML 0.094 0.059 0.073

39 reported bilateral tinnitus. The
pitches of tinnitus were in the
range of 250-11,200 Hz; mean
pitch was 6,799 (+2,851) Hz in
the right ear and 6,002 (+2,100)
Hz in the left ear. Mean MML was
93.56 (x15.556) dB and mean
loudness perception level was
79.65 (+ 12.714) dB.

In the control group, all sub-
jects reported bilateral hearing
deficits and were fitted with “clas-

sical” hearing aids binaurally.
Mean PTA was 53.66 (+ 15.657)
dB in the right ear and 55.32
(£ 18.074) dB in the left ear. The
difference between the two groups
was statistically significant (p =
0.005). With regard to speech
audiometry, the perception thresh-
old was 47.53 (= 13.913) without
hearing aids and 29.53 (+ 8.528)
with hearing aids. Ninety-eight
percent of the patients showed
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DPOAE abnormalities. Mean
MML was 90.01 (+18.213) dB
and mean loudness perception
level was 69.65 (+8.146) dB. In
the control group, eight subjects
reported unilateral tinnitus (five
right side, three left side) and two
reported bilateral tinnitus. The
pitches of tinnitus were in the
same range as the OHA group;
mean pitch was 7,030 (+3,605)
Hz in the right ear and 5,789
(£3,879) Hz in the left ear. No
significant difference in tinnitus
pitch was found between the two
groups.

Tinnitus Results

In the OHA group, initial mean
THI score was 55.23 (x 13.068)
and final mean THI was 28.32
(£ 16.499). This difference was
statistically significant (p <0.0001).
Patients reported very good com-
fort of use and a significant reduc-
tion of tinnitus annoyance. In 70%
of patients, improvement ex-
ceeded 20 points in terms of THI
score. Quality of life improved for
all patients and these improve-
ments were statistically signifi-
cant (p <0.0001). In particular, the
VAS score measuring quality of
life decreased from 6.59 (+ 2.454)
to 342 (x2.048) and the score
measuring the overall problem
decreased from 7.02 (+2.213) to
3.65 (£2.152).

In the control group, initial
mean THI score was 60.36
(£21.654) and final mean THI
score was 36.43 (x22.374). Their
VAS scores for quality of life
decreased from 7.07 (x2.682) to
346 (x2.978) and from 7.56
(£3.005) to 4.11 (+£2.459) in
terms of overall problems. All dif-
ferences were statistically signifi-
cant (p <0.001). No significant
differences were found between
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the two groups in terms of their
THI and VAS scores, but the
control patients reported a lower
comfort of use than OHA patients.

No statistically significant cor-
relations were found between THI
or VAS value reduction and the
studied parameters (see Table 1).
In particular, no differences were
found among the different type of
OHAs.

Discussion

These results confirm that the
sound enrichment delivered by
OHAs in TRT is useful for re-
ducing the perception of tinnitus
and improving the quality of life
for patients.

Hearing aids restore auditory
input. We observed a clear and
significant difference in PTA
scores between the two groups in
this study. Therefore, we suggest
OHAs only if the loss is mild and
at high frequencies."” Even a slight
loss of auditory input can cause
changes in function of parts of the
auditory nervous system. Changes
caused by deprivation can be
reversed by appropriate sound
stimulation,”® and a prosthetic
stimulation can stimulate cerebral
plasticity.” Thanks to hearing
aids, it is possible to stimulate
cerebral plasticity and at least
partly re-establish the proper func-
tioning of auditory nerve path-
ways, limiting one of the probable
causes of tinnitus.

Moreover, by increasing the
level of environmental noise per-
ceived by the patient, prosthetic
amplification can reduce the con-
trast between endogenous sound
(tinnitus) and the silence caused
by hearing loss. In this way,
tinnitus gradually becomes less
intrusive and thus less annoying.
Less attention is paid to the tinni-

tus, which is relegated to the cate-
gory of minor stimuli, thus facili-
tating gradual habituation." These
results can be obtained with both
type of hearing instruments (“clas-
sical” aids or OHASs). Neverthe-
less, the earmold of the “classical”
hearing aids is an annoyance for
many patients.” OHAs allow the
ear canal to remain partially
open,” thus avoiding problems
such as cerumen build-up, skin
irritation, and occlusion effects.”
In particular, the occlusion effect
is the most important problem'” in
hearing aid usage. The cause of
the occlusive sensation is the
sound generated by the vibrations
of the cartilage that cannot exit the
ear canal* due to the presence of
the earmold.” OHAs avoid this
effect and are also cosmetically
appealing,” a factor that plays an
important role in patient satisfac-
tion with hearing aids.”

The analysis of possible inter-
fering variables (gender, age, time
elapsed from tinnitus onset,
medications, tinnitus cause, tin-
nitus perception side, tinnitus
pitch, loudness perception, PTA,
DPOAE, MML) demonstrated
that sound therapy with OHAs is a
useful treatment regardless of all
analyzed variables. The quality of
life improved for all patients, and
audiological parameters or other
physical characteristics had no
effect on outcome.

Conclusion

We suggest that tinnitus patients,
even those reporting only minor
hearing loss, benefit from the use
of OHAs with TRT or another
type of counselling and sound
therapy, such as tinnitus activities
treatment, regardless of the cause
of the arousal and maintenance of
tinnitus.
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