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Objectives. The purpose of this study was to evaluate the therapeutic effect of three different types of sounds on tinnitus

patients undergoing tinnitus retraining therapy (TRT).

Methods. This is a single-institution retrospective study, performed in one tertiary otological referral center. Thirty-eight
adults with subjective idiopathic tinnitus who were followed for at least 9 weeks were enrolled. Sound therapy was
delivered in 3 different ways: narrowband noise TRT (nTRT); mixed band noise TRT (mTRT); broadband noise TRT
(bTRT). Treatment response was measured through validated psychometric questionnaires: Tinnitus Handicap Inven-
tory (THI), visual analog scale (VAS) on annoyance, and numerical description of hours of tinnitus perception

(awareness hours).

Results. A total of 38 patients were followed for at least 9 weeks. In n'TRT group, all outcome measures including THI, VAS,
and the awareness hours, decreased over 9 weeks with no statistical significance. In mTRT group, all outcome mea-
sures except for awareness hours significantly improved 9 weeks after the beginning of the treatment. In bTRT group,
all outcome measures decreased significantly in 9 weeks. When therapeutic success is defined as improvement in THI
7 or more, bTRT group (77.8%) showed a higher success rate than other groups for 38 patients with the minimum

follow-up of 9 weeks.

Conclusion. All three sounds can provide relief in patients with annoying tinnitus after TRT. However, there is difference in
the therapeutic effect according to sound types. Broadband sound seems to be better than narrowband sound or
mixed sound in relieving the patients from tinnitus. Therefore, sound therapy with broadband noise may be more ap-
propriate during TRT, but further evidence is needed for precise conclusion.
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INTRODUCTION

Tinnitus is generally defined as a perception of sound in the ab-
sence of an external acoustic stimulus. Tinnitus affects approxi-
mately 50 million Americans and more than 600 million indi-
viduals worldwide [1,2]. Tinnitus can be classified into two main
types: subjective and objective tinnitus. Objective tinnitus is

 Received December 6, 2012
Revised February 15,2013
Accepted February 22,2013

« Corresponding author: Myung-Whan Suh
Department of Otorhinolaryngology, Seoul National University Hospital,
Seoul National University College of Medicine, 101 Daehak-ro, Jongno-gu,
Seoul 110-744, Korea
Tel: +82-2-2072-2447, Fax: +82-2-745-2387
E-mail: drmung@naver.com

caused by sounds generated in the body and conducted to the
ear, such as vibrations of turbulent blood flow [3], myoclonus, or
muscle contractions. Individuals with subjective tinnitus have no
visible signs of disease, and the disease has few detectable physi-
cal correlates. Subjective tinnitus which comprises most of tinni-
tus [4] is of our concern and will be referred to as ‘tinnitus’ for
the remainder of this paper.

Tinnitus negatively affects overall quality of life including daily
activity and social activity. The etiology is not fully understood
and thus no treatment method can completely cure tinnitus.
There is no single treatment for tinnitus: many modalities in-
cluding life style modifications, medications, masking, transcra-
nial magnetic stimulation and retraining have turned out to be
imperfect [5]. Among the various treatments tinnitus retraining
therapy (TRT) is one of the methods that is widely used in tinni-
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tus clinics. TRT is a well-established treatment modality of tinni-
tus and a published article demonstrated an 80% improvement
in tinnitus patients treated with TRT [6]. TRT involves directive
counseling, which is based on the neurophysiological model of
tinnitus, and sound therapy [7]. According to a randomized con-
trolled trial on the effect of TRT and tinnitus masking, the long
term effect of TRT was excellent while its short term effect was
inferior to tinnitus masking [8]. There is no doubt that ultimately
long term effect is important in the treatment of tinnitus; how-
ever, a short term effect is also important to increase the patient
compliance. In order to overcome the inadequacy of TRT short
term effect, we have recently introduced the concept of mixed
TRT [9]. In mixed TRT directive counseling is same as traditional
TRT; however, sound therapy of the mixed noise TRT (mTRT) is
performed with a mixture of broadband noise and narrowband
noise. The broadband noise was adopted to improve the long
term effect and the narrowband noise was adopted to improve
short term effects. According to Jastreboff’s original description
of TRT, broadband noise was used for sound therapy to decrease
the strength of the tinnitus signal by increasing the level of
background neuronal activity in the auditory system [10]. But
the therapeutic effect of each sound type is not fully under-
stood. Also it is not known if broadband noise is the optimal
sound for TRT sound therapy. The purpose of the present study
is to evaluate and compare the therapeutic effect of three types
of sounds in tinnitus treatment.

MATERIALS AND METHODS

In this study, we included 38 patients with subjective idiopathic
tinnitus: 24 men and 14 women, who were followed for at least
9 weeks between March 2008 and December 2010. Patients
were classified into 3 groups on the basis of the type of sound
introduced: narrow band noise TRT (nTRT), mTRT, broadband
noise TRT (bTRT). All patients underwent a standardized intake
assessment [11] including full history taking, physical examina-
tion by an otolaryngologist and questionnaires including the Ko-
rean version of Tinnitus Handicap Inventory (THI), visual analog
scale (VAS) on annoyance and numerical description of hours of
tinnitus perception. The questionnaires have been validated for
psychometric adequacy [12]. Audiologists performed a full audi-
ologic assessment including loudness and pitch matching, mini-
mum masking levels, and residual inhibition.

Patients were allocated to each sound type according to their
visiting period, firstly nTRT was adopted, later mTRT, lastly
bTRT was used for the treatment of tinnitus. This is not a pro-
spective randomized clinical trial, however, the staged imple-
mentation of three different sounds supported such a compara-
tive evaluation. Although the three programs were separated in
time, they were the same in terms of intended protocols, physi-
cian in charge, counseling methods, sound therapy device, and

location of the program. The only intended difference was the
type of sound used for TRT sound therapy. Patients were as-
signed to nTRT, mTRT or bTRT: 8 in nTRT (5 males, 3 females;
mean age, 38.919.8 years); 12 in mTRT (8 males, 4 females;
mean age, 47.78+13.5 years); 18 in bTRT (11 males, 7 females;
mean age, 55.7 £15.4 years), respectively.

Patients’ data were collected at 2 points: 1-5 week and 9-13
week. No differences were found in the mean number of weeks
at each follow-up point among three groups. For 1-5 week,
mean follow-up period was 2.86+1.22 weeks for nTRT group,
2.82+1.08 weeks for mTRT group, and 2.43+1.28 weeks for
bTRT group (P=0.967). For 9-13 week, mean follow-up period
was 10.5+2.38 weeks for nTRT group, 10.75+1.96 weeks for
mTRT group, and 11.00+1.68 weeks for bTRT group (P=0.393).

Sound therapy

Sound therapy was conducted with a MP3 player (Sandisk, Mil-
pitas, CA, USA; CE007K, LETO GMS, Seoul, Korea). In the
nTRT group, narrowband noise that matched to the patient’s tin-
nitus pitch was provided to the patient. In mTRT group, initially
narrowband noise was used to mask the tinnitus for short term
(=1 months), then for the next 2 months of treatment, the com-
position of sound was changed from the dominance of narrow-
band noise to the dominance of broadband noise (white noise).
In bTRT group, white noise was used from the beginning. The pa-
tients were instructed to set the volume of noise generator at the
mixing point [13].

Counseling

During sound therapy, patients attended counseling appoint-
ments with the otolaryngologists at 1, 2, and 3 months and com-
pleted questionnaires. At the first visit, patients received a 15
minute counseling about causes of tinnitus, why tinnitus be-
comes a problem, explanation of habituation as a goal and were
reassured. Every month after the first visit, patients attended on-
going counseling for 5 minutes with the otolaryngologists to
check subjective annoyance, compliance to treatment and re-
peated explanation of habituation as a goal.

Outcome measures

Three outcome instruments (Korean version THI, VAS on annoy-
ance, numerical description of tinnitus perception) were used.
The THI has 25 items and a range of 0-100 (¢=0.93; r=0.92)
[12]. VAS of annoyance was measured from 1 to 10 scale with
10 most severe. Numerical description of hours of tinnitus per
ception (awareness hours) was measured from 0 to 24 scale with
24 most severe. Therapeutic success was defined as a minimum
THI change of 7 points, according to a former publication [14].
The successful treatment rate was defined as the proportion of
patients who improved 7 points or more in THI, and the success
rates were compared between groups. To assess the efficacy of
the treatment within each group and to compare the efficacy be-



tween the three different groups, the results of 38 patients were
analyzed.

Statistical analysis

The Wilcoxon signed rank test was calculated for a comparison
of THI, VAS, and awareness hours over time within each group.
The Kruskal-Wallis test and linear by linear association analysis
were used to compare the THI, VAS, awareness hours, and suc-
cess rate between groups. Null hypotheses of no difference were
rejected if P-values were less than 0.05. The data analyses were
performed using IBM SPSS ver. 19.0 (IBM Co., Armonk, New
York, USA).

RESULTS

Treatment outcome within each group

In the nTRT group, all outcome measures including THI, VAS
and the awareness hours decreased after 9-13 weeks (Fig. 1).
THI decreased from 48.25+25.56 to 42.00+£29.55 (P=0.398),
VAS decreased from 6.50+1.60 to 5.63+1.69 (P=0.102), and
the awareness hours decreased from 16.75+8.41 to 15.13 %
10.82 (P=0.581), respectively. But the differences did not reach
statistical significance.

In mTRT group, THI and VAS significantly decreased for the
duration of 9-13 weeks (Fig. 2). THI decreased from 42.5+
22.27 to 29.0£26.55 (P=0.041), VAS decreased from 6.17+
1.34 to 4.33£2.06 (P=0.022), respectively. Awareness hours
decreased from 16.67 £9.25 to 9.83+10.94 but it did not reach
statistical significance (P=0.08).

In bTRT group, all outcome measures improved significantly
for 9-13 weeks (Fig. 3). THI decreased significantly from
54.22+£22.41 t0 35.11£22.44 (P=0.001), VAS from 6.50+1.47
to 5.11£2.14 (P=0.017), and the awareness hours from
18.17£8.63 to 13.83+10.00 (P=0.008).

Treatment outcome difference between groups
A gradual improvement over time in THI score was found in all
groups (Fig. 4A). When the change in THI score was compared
between groups, bTRT group seemed to show the best results,
nTRT showed the poor results, and the effect of mTRT was in-
termediate. But, it did not reach statistical significance. VAS also
showed a general improvement over time in all three groups.
When compared between groups, VAS outcome was comparable
between mTRT group and bTRT group, but it was relatively
poor in the nTRT group (Fig. 4B). In terms of awareness hours, a
general improvement was shown for the duration of 9-13
weeks. When the change in awareness hours was compared be-
tween groups, mTRT group and bTRT group showed the com-
parable improvement, and nTRT group showed the poor result
without statistical significance (Fig. 4C).

The successful treatment rate was 77.8% for bTRT, 58.3% for

Kim BJ et al. Effects of Sound Therapy on TRT Outcome 89

1001

80

60 [

THI

40t

20+

O | | |
Before treatment 1-5 Weeks 9-13 Weeks Q

101

VAS

O Il Il Il
Before treatment 1-5 Weeks 9-13 Weeks e

30

20+

Awareness hours

10+ |

Before treatment 1-5 Weeks 9-13 Weeks G

Fig. 1. Mean changes from baseline in questionnaire scores for pa-
tients who were treated with narrowband noise tinnitus retraining
therapy (nTRT) and followed for more than 9 weeks. All three out-
come measures including Tinnitus Handicap Inventory (THI) (A), vi-
sual analog scale (VAS) (B), and the awareness hours (C) decreased
after 9-13 weeks. THI decreased from 48.25+25.56 to 42.0+29.55,
VAS decreased from 6.50+1.60 to 5.63%1.69, and the awareness
hours decreased from 16.75+8.41 to 15.13+£10.82, respectively.
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Fig. 2. Mean changes from baseline in questionnaire scores for pa-
tients who were treated with mixed noise tinnitus retraining therapy
(mTRT) and followed for more than 9 weeks. In mTRT group, Tinnitus
Handicap Inventory (THI) (A) and visual analog scale (VAS) (B) signifi-
cantly decreased for the duration of 9-13 weeks. THI decreased from
425+22.27 10 29.0+£26.55, VAS decreased from 6.17£1.34 t0 4.33+
2.06, respectively. Awareness hours (C) decreased from 16.67+£9.25
10 9.83+10.94 but it did not reach statistical significance. *P<0.05.
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Fig. 3. Mean changes from baseline in questionnaire scores for pa-
tients who were treated with broadband noise tinnitus retraining
therapy (bTRT) and followed for more than 9 weeks. In bTRT group,
all outcome measures showed a statistically significant improvement
for 9-13 weeks. Tinnitus Handicap Inventory (THI) (A), visual analog
scale (VAS) (B), and the awareness hours (C) decreased signifi-
cantly from 54.22+22.41 to 35.11£22.44, from 6.50+1.47 to 5.11%
2.14, and from 18.17£8.63 to 13.83+10.00, respectively. *P<0.05.
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Fig. 4. Improvement in Tinnitus Handicap Inventory (THI), visual ana-
log scale (VAS), and awareness hours for patients who were followed
for more than 9 weeks. A gradual improvement over time in THI
score was found in all groups. When the change in THI score was
compared between groups, broadband noise tinnitus retraining ther-
apy (bTRT) group seemed to show the best results, bTRT showed
the poor results, and the effect of mixed noise tinnitus retraining ther-
apy (MTRT) was intermediate (A). VAS also showed a general im-
provement over time in all three groups. When compared between
groups, VAS outcome was comparable between mTRT group and
bTRT group, but it was relatively poor in the narrowband noise tinni-
tus retraining therapy (nTRT) group (B). In terms of awareness hours,
a general improvement was shown for the duration of 9-13 weeks.
When the change in Awareness Hours was compared between
groups, mTRT group and bTRT group showed the comparable im-
provement, and nTRT group showed the poor result (C). However, all
this result did not reach statistical significance.
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Fig. 5. Comparison of successful treatment rate between groups.
The successful treatment rate was 77.8%, 58.3%, and 37.5% for
broadband noise tinnitus retraining therapy (bTRT), mixed noise tin-
nitus retraining therapy (mTRT), and narrowband noise tinnitus re-
training therapy (nTRT) group respectively. Sound therapy with
broadband noise tended to show better results than that with narrow
band noise and mixed noise. THI, Tinnitus Handicap Inventory.
*P<0.05.

mTRT, and 37.5% for the nTRT group. Success rate was com-
pared between groups with linear by linear association analysis
and sound therapy with broadband noise showed better results
than that with narrowband noise and mixed noise (P=0.037)
(Fig. 5).

DISCUSSION

It is generally accepted that sound therapy with broadband
noise is suitable for TRT. But this practice is based on theoretical
assumptions that broadband noise may activate the greatest
number of auditory nerve fibers facilitating habituation [10]. To
the best of our knowledge, there has been no study in the litera-
ture that has directly compared the difference in treatment out-
come of different types of sound therapy. From this study we
were able to find that all three sounds can provide relief in pa-
tients with annoying tinnitus after TRT. But there seems to be a
difference in the amount of therapeutic effect: TRT sound thera-
py with broadband noise seems to be more helpful to tinnitus
patients than that with narrowband noise. We found a clear dose
response relationship between the proportion of broadband
noise and the amount of therapeutic effect. That is, the success-
ful treatment rate increased linearly as the proportion of broad-
band noise in sound therapy increased. Also, improvement in
THI score was greatest in the bTRT group, intermediate in the
mTRT group, and smallest in the n'TRT group.

TRT is based on the neurophysiological model of tinnitus in-
troduced by Jastreboff [15]. Sound therapy implemented in TRT
is aimed to desensitize/weaken tinnitus-related neuronal activity
[16] and has a broad range of options including environmental
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enrichment devices, hearing aids, sound generators and portable
music players [17,18]. More recently, music with an embedded
broadband noise was used in the development of an acoustic
desensitization protocol [18]. Although many kinds of sound are
available, in general broadband noise is thought to be appropri-
ate for habituation of the tinnitus perception. This study leaves
much to be desired, but we tried to verify this hypothesis by
comparing the treatment outcome of different sound therapies.
From our results, it seems that Jastreboff’s theoretical specula-
tion was correct and TRT sound therapy should be performed
with a broadband noise in order to achieve maximal desensiti-
zation effect.

According to the randomized controlled trial reported by
Henry et al. [8], the short term effect of TRT is poorer than tin-
nitus masking. The time point when the treatment outcome of
TRT overtakes that of tinnitus masking is approximately 6
month after treatment initiation. This may mean that patients
undergoing TRT may be unsatisfied with the treatment outcome
for several months and may give up the treatment program. In
order to overcome this problem, we have introduced nTRT and
mTRT which is quite similar to tinnitus masking for the first 1
month in terms of sound therapy. Before analyzing our results,
we expected to find a better short term outcome in the nTRT
and mTRT group. But against our expectation, bTRT group
showed comparable outcome from the beginning (1-5 weeks).
The reason for this discordance between our results and that of
Henry et al. is not clear. But it may be that the masking effect
was insufficient for the patients who have undergone nTRT or
mTRT. As for tinnitus masking, the patients are usually instruct-
ed to adjust the volume of noise according to their preference:
patients may increase the volume of noise until their own tinni-
tus is completely masked out [10]. But in our study all elements
of counseling and instructions on noise generator use were
based onTRT. That is, the patients were instructed to set the vol-
ume of the noise generator at the mixing point. This volume lev-
el may be insufficient to relieve the patient of their distracting
tinnitus. If we have instructed the nTRT and mTRT group to ad-
just the volume of noise as they wished, the treatment outcome
may have been different. Although this point is an important is-
sue, we prefer not to instruct the patients to adjust the volume
at full level. During TRT, patients use their sound generator for
=6 hours/day. Intense noise exposure for such a long period of
time may induce chronic acoustic trauma. We should be sure
that the tinnitus treatment protocol does not have any potential
of noise hazard.

This study has a limitation stemming from a number of vari-
ables which might influence the outcomes such as difference in
mean age between groups. We tried to control this factor. But
due to the retrospective design of the study it was basically not
manageable. Also, the number of subjects is not enough to draw
a firm conclusion. It might have shown a robust difference if the
number of subjects had been sufficient. The staged implementa-

tion of three different programs may also be source of bias. Al-
though we tried our best to keep the program fixed and only al-
lowing sound therapy to change, clinical setting elements may
have changed during the long period of patient recruitment. It
would have been ideal if we had carried out a randomized pro-
spective trial, but unfortunately this was not the case. Potential
confounding factors are being controlled for in a continuation
study which will be prospective, randomized controlled study.
Although the aforementioned factors are important shortcom-
ings of this study, we hope these factors did not undermine the
main results of this study.

In conclusion, it is generally accepted that sound therapy with
broadband noise is suitable for TRT. But this point has not been
backed up with experimental data before. Through this study we
have found that narrowband noise as well as broadband noise
may relieve the patient of distracting tinnitus. Although not con-
clusive, broadband noise seems to be more efficient in improv-
ing the patient’s distress due to tinnitus. bTRT is not disadvanta-
geous when compared to nTRT and mTRT from the beginning
of treatment within 5 weeks and bTRT is the only modality to
improve all three of outcome measures (THI, VAS, and aware-
ness hours) after 9-13 weeks. The results might support the use
of broadband noise from the beginning of sound therapy during
TRT. Further study with more subjects and longer follow-up pe-
riod is necessary to draw a more precise conclusion.
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