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Abstract

Hearing aids with an integrated sound generator have been used to enhance the treatment of tinnitus. The main aim of this
study was to verify whether the combined use of amplification and sound generator is more effective than conventional
amplification alone in reducing tinnitus annoyance by means of the use of a new hearing aid with an integrated sound
generator. A total of 49 patients underwent a blind randomized clinical trial. Tinnitus annoyance was measured by
Tinnitus Handicap Inventory and numerical scales, and psychoacoustic measures of tinnitus were also performed. The
sound generator was set at the lowest intensity capable of providing relief from tinnitus. Results showed that 62.5% of
the patients presented a reduction in tinnitus annoyance in the combined fitting group and in the group with amplification

alone, 78% showed a reduction. This difference between the groups was not statistically significant.
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Introduction

Recent research shows that tinnitus is a disorder that
originates in the brain but has its trigger in the peripheral
region. This is because the damage caused by the loss of
hearing in the inner hair cells causes a loss of normal
auditory nerve function (Herraiz, Diges, Cobo, &
Aparicio, 2009; Kaltembach, 2009; Moffat et al., 2009;
Norena, 2009), which in turn leads to a reduction in
afferent nerve fibers throughout the auditory system.
This lack of afferents creates a change in the neuronal
activity, which is thought to be responsible for causing
tinnitus (Kaltembach, 2009).

For patients with tinnitus and hearing loss, the use of
a hearing aid is recommended. This not only improves
hearing (Ferrari, Sanchez, & Pedalini, 2007) but also
stimulates the auditory cortex, which leads to permanent
reductions in the neural activity responsible for causing
the sensation of tinnitus (Searchfield, 2006). However,
despite the hearing aid having been used as a tool for
controlling tinnitus over the past 60 years (Saltzman &
Ersner, 1947), a recent finding showed that the majority

of people with tinnitus do not regard the hearing aid as a
treatment strategy (Kochkin, Tyler, & Born, 2011).

Over the past few decades, hearing aids have been
developed with an integrated sound generator as an
alternative to enhance the treatment of tinnitus in
patients with associated hearing loss (Henry, Zaugg, &
Schechter, 2005). However, neither a well-established
protocol nor sufficient scientific evidence exists to sup-
port the superiority of the combined use of tools over
conventional amplification.

The main aim of this study was to verify whether the
combined use of amplification and sound generator is
more effective than amplification alone in reducing the
discomfort of tinnitus in patients with tinnitus and a mild
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to moderate bilaterally symmetrical sensorineural hear-
ing loss, by means of the use of a new hearing aid with an
integrated sound generator developed by the
Department of Otorhinolaryngology of the University
of Sdo Paulo. We also wanted to check whether there
was a correlation between the reduction in discomfort
and the psychoacoustic measures of tinnitus.

Materials and Method

This study was developed in the form of a blind rando-
mized clinical trial. It was approved by the Committee
for Analysis of Research Projects of the Hospital das
Clinicas and received financial support in the form of
Research Grants by the Foundation for Research
Support of Sao Paulo state. This study was registered
on clinicaltrials.gov (NCT01857661).

To determine the sample size, the Tinnitus Handicap
Inventory (THI) was considered the primary dependent
variable. Based on the study of Ferreira, Cunha, Onishi,
Branco-Barreiro, and Gananga (2005), a standard devi-
ation of about 25 points on the THI scale was expected.
A power analysis (Armitage & Berry, 1987) revealed that
to achieve 80% power to detect a minimum difference of
20 points between the groups at a two-tailed significance
level of 5%, 24 subjects were required per group, totaling
48 individuals.

The sample composed of 49 patients with mild to
moderate bilateral symmetrical sensorineural hearing
loss, with complaints of constant tinnitus for at least 6
months, with THI score more than 20 points, and with-
out prior experience with hearing aids or any other type
of sound therapy.

The patients were initially assessed by a blind evalu-
ator, who performed a specific anamnesis, psychoacous-
tic evaluation of the tinnitus (tinnitus pitch, loudness,
and minimum masking level [MML]), numeric scale
measuring tinnitus discomfort from 0 to 10, and the
THI. After this stage, the patients were randomly
assigned into two groups: a combined fitting group and
an amplification alone group.

The combined fitting group received bilateral fitting of
hearing aids with an integrated sound generator devel-
oped by the Department of Otorhinolaryngology of the
University of Sdo Paulo (Penteado, 2009; Penteado &
Bento, 2008), in combined mode or, in other words,
with the combined use of amplification and sound gen-
erator. The amplification alone group received binaural
fitting of the same hearing aid, but in simple mode,
meaning amplification alone. This is a behind-the-ear
(BTE) digital hearing aid with 16 channels of gain adjust-
ments. It is equipped with an integrated white noise that
can be used together with the amplification mode or not.

The hearing aid fitting was done by the researcher
audiologist, and the individual needs, audiometric

thresholds, discomfort, and observations of the patient
were taken into account. Hearing aids were fitted using a
modified strategy based on the NAL-NLI1 rule from the
software EasyFit, developed by the same University
group.

In the combined fitting group, the sound generator
was set at the lowest intensity capable of providing
relief from tinnitus (Tyler, 2006). The level produced
by the sound generator was initially very low and was
adjusted upward until the patient indicated that the
sound from the generator was audible. At this point,
the level of the sound generator was increased further
until the patient indicated some relief from tinnitus. If
the patient reported any discomfort, the level from the
sound generator was reduced again until a comfortable
level was achieved. The noise reduction was not acti-
vated in any of the cases. Both groups received the
same specific counseling about the aspects relevant to
tinnitus.

The patients were advised to use the hearing aids for
at least 8 hr per day, and the final evaluation, composed
of the psychoacoustic measures of tinnitus (tinnitus
pitch, loudness, and MML), numeric scale, and THI,
was carried out after 3 months of hearing aid use, by
the same blind evaluator who performed the initial
evaluation and who did not know which group each
patient belonged to.

For the pitch matches, patients were instructed to
match to the most troublesome tinnitus percept. In
cases where the tinnitus was asymmetric, the contralat-
eral ear was used as the reference ear; in cases where
the tinnitus was equal across the two ears or heard in
the center of the head, the right ear was used as the
reference. A pure tone was used unless a patient’s
description of the tinnitus suggested otherwise. The ref-
erence tone was presented at a level 5-10dB above the
hearing threshold. It began at 1000Hz and was
increased or decreased in frequency according to the
patient’s instruction until a match was indicated.

For loudness matches, the same ear was used as a
reference as for the pitch matches, and the frequency
of the tone was set at the frequency obtained from the
pitch matches. The level of the tone was initially below
the hearing threshold and was increased in level in 2-dB
steps until the patient reported that the stimulus was
equal in loudness to the tinnitus.

The MML test was designed to determine whether
the tinnitus could be masked by another sound.
Broadband white noise was initially presented below
the hearing threshold and was increased in level in
5-dB steps, while the patient was asked to indicate
whether the tinnitus was masked, partially masked, or
unchanged. The procedure was stopped if the patient
reported discomfort, even if no change in tinnitus was
reported.
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Results

Of the 49 patients who took part in the study, two did
not attend the final evaluation. One of them was not
located, and the other suffered a heart attack which
made it impossible to attend. They were both therefore
excluded from the statistical analysis for missing the
follow-up.

The sample was made up of 25 women and 22 men,
with a mean age of 72.1 years (26-91 years) and standard
deviation of 12.6 years. The most common types of tin-
nitus were whistling (n=9), roaring (n=7), and buzzing
(n=6), and the most frequent location was in both ears
(n=18), followed by the head (n=15) and in only one
ear (n=14). With regard to hearing loss, 26 presented a
mild degree of hearing loss and 21 a moderate degree of
hearing loss. A sloping hearing loss was the most fre-
quent (n=36), followed by a flat loss (n=11). The
most frequent diagnostic hypothesis was presbycusis
(n=20), followed by unknown etiology (n = 14), hearing
loss caused by high levels of sound pressure (n=7), trau-
matic brain injury (n=23), ototoxicity (n=1), hyperten-
sion (n=1), stroke (n=1), and radiotherapy (n=1).

Comparison of Groups Before Intervention

To check whether the study groups were homogenous,
the means and standard deviations of variables in the
preintervention period were calculated for each of the
evaluated groups, and later the difference between
the means of the groups was evaluated by means of the
Wilcoxon nonparametric test (Hollander & Wolfe,
1973).

According to Table 1, there is homogeneity between
the study groups, with only the means of the duration of

Table I. Mean and Standard Deviation by Group and p value of
the Wilcoxon Test for the Variables in the Preintervention Period.

Type of fitting

Combined Amplification alone

Variable M SD p
Age (years) 744 107 69.7 14.2 40
Duration of tinnitus 2.7 83 7.6 6.6 .02

(years)
Numeric scale 7.8 1.9 7.8 22 .98
THI (points) 532 205 575 16.4 .62
Pitch (Hz) 5406 2161 5253 2582 71
Loudness (dBSL) 10.2 4.7 9.0 4.5 A4l
Minimum masking 252 248 235 18.1 .62

level (dBSL)

Note. THI = Tinnitus Handicap Inventory.

tinnitus variable showing differences, the duration of tin-
nitus being greater for the group submitted to the com-
bined fitting. The groups also appeared similar for
gender, location of tinnitus, and for degree and config-
uration of hearing loss (Table 2).

Comparison of the Groups After Intervention

After randomization, 24 patients were allocated to the
combined fitting group and 23 to the amplification
alone group. Calculations were made of the means and
standard deviations, in the postintervention period, of the
numeric scale, THI, tinnitus pitch, loudness, and MML
variables for each group. Then, the difference between the
means of the groups was analyzed using the Wilcoxon
nonparametric test (Hollander & Wolfe, 1973).
According to Table 3, there was no difference between
the groups when the variables were evaluated after inter-
vention. To verify whether the duration of tinnitus vari-
able interfered with the result of the study, a generalized
linear regression model was constructed (Paula, 2013)
using THI as the dependent variable and group and dur-
ation as the explanatory variables. There was no correl-
ation between the duration of tinnitus and the response

Table 2. Degree and Configuration of the Hearing Loss.

Combined Amplification alone p
Degree of hearing loss
Mild 14 12 46
Moderate 10 I
Configuration of the hearing loss
Sloping 17 19 79
Flat 7 4

Table 3. Mean and Standard Deviation by Group and p value of
the Wilcoxon Test for the Variables After Intervention.

Type of fitting

Combined Amplification alone
Variable M SD M sb p
Numeric scale 53 32 3.8 4.0 .18
THI (points) 249 218 238 26.1 .57
Pitch (Hz) 5041 1983 4773 2207 .84
Loudness (dBSL) 7.2 37 8.0 4.1 Sl
Minimum masking 15.0 11.63 143 14.5 .58

level (dBSL)

Note. THI = Tinnitus Handicap Inventory.
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of THI. A multiple linear regression model was also con-
structed (Neter, Wasserman, Kutner, & Li, 1996) using
the numerical scale and tinnitus loudness as dependent
variables and group and duration as the explanatory
variables. Again there was no correlation between the
duration of tinnitus and either the numerical scale or
the tinnitus loudness.

Analysis of the Difference Between the Pre- and
Postintervention Periods

In the combined fitting group, 62.5% (n=15) of the
patients presented a reduction of 20 points or more in
the THI. In the amplification alone group, 78% pre-
sented a 20+ point reduction of discomfort with tinnitus
(n=18), without significant statistical difference between
the groups (chi-square test; p =.24).

As shown in Table 4, the difference between the pre-
and postintervention periods for the combined group
was significant for all the variables except the tinnitus
pitch.

As shown in Table 5, the difference between the pre-
and postintervention periods for the amplification alone
group was significant for all the variables except the tin-
nitus pitch and loudness.

Table 4. Mean and Standard Deviation for the Difference
Between Post- and Preintervention Periods and the p value of the
Wilcoxon Test for the Combined Fitting Group.

Variable M SD p

Numeric scale —2.562 367 <.0l
THI (points) —28.25 1859  <.0l
Pitch (Hz) —364.67 1994.97 .15
Loudness (dBNS) —2.96 409 <0l
Minimum masking level (dBNS) —10.25 19.30 .02

Note. THI = Tinnitus Handicap Inventory.

Table 5. Mean and Standard Deviation for the Difference
Between Post- and Preintervention Periods and the p value of the
Wilcoxon Test for the Amplification Alone Group.

Variable M SD p

Numeric scale —3.98 4.09 <.0l
THI (points) —33.70 24.18 <.0l
Pitch (Hz) —479.75 2339.29 27
Loudness (dBSL) —1.02 5.40 21
Minimum masking level (dBSL) —-9.22 21.36 .03

Note. THI = Tinnitus Handicap Inventory.

Correlations Between Discomfort and Psychoacoustic
Measurements of Tinnitus

The groups were compared for the reduction of discom-
fort due to tinnitus, after intervention, using the follow-
ing variables: numeric scale, tinnitus pitch, loudness,
THI, and MML.

For the numeric scale, and tinnitus loudness variables,
a multiple linear regression model was constructed
(Neter et al., 1996) using the explanatory variables:
group, duration of tinnitus, MML, and tinnitus pitch
(Tables 6 and 7).

As shown in Figures 1 and 2, only the MML variable
was significantly correlated with the numerical scale vari-
able, with higher MML associated with higher numerical
scale values. There was no difference between the two
groups.

Finally, a generalized linear model was adjusted
(Paula, 2013) for the THI variable, taking into account
the variables: group, duration of tinnitus, tinnitus pitch,
and MML as explanatory variables (Table 8).

According to Figure 3, only the MML variable
proved to be significant, so that higher values of this
variable are associated with higher levels of THI, without
any difference between the groups.

According to the statistical analysis, it can be seen
that there is no significant difference between the studied
groups for the variables measured after intervention. For
the numeric scale, tinnitus loudness, and THI, it was
possible to detect the effect of the MML, in which
higher values of MML are associated with greater dis-
comfort due to tinnitus.

Table 6. Final Adjusted Model for Numerical Scale.

Parameter Estimate SD p

Intercept 2.34 0.90 .0l
Minimum masking level (effect) 0.10 0.04 .01
Group (combined) 1.40 0.99 A7

Note. Base profile: Patients of amplification alone group with minimum
level of masking equal to zero.

Table 7. Final Adjusted Model for Tinnitus Loudness.

Parameter Estimate sD b
Intercept 6.81 1.01 <.0l
Minimum masking level (effect) 0.08 0.04 .06

Group (combined) —0.85 I.11 45

Note. Base profile: Patients of amplification alone group with minimum
level of masking equal to zero.
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Figure 1. Scatter plot of the numeric scale and minimum masking level variables and line of adjusted model after intervention.
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Figure 2. Scatter plot of the tinnitus loudness and minimum masking level and line of adjusted model after intervention.

Table 8. Final Adjusted Model for THI.

Parameter Estimate SD p

Intercept 2.96 0.25 <.0l
Minimum masking level (effect) 0.02 0.01 .08
Group (combined) 0.0l 0.27 .98

Note. THI = Tinnitus Handicap Inventory.

Discussion

This study did not demonstrate a superiority of the com-
bined use of amplification and sound generator over con-
ventional amplification alone in reducing the discomfort
of tinnitus. Both groups presented similar responses in
both reduction of discomfort caused by tinnitus as mea-
sured using THI and numeric scale, and also the magni-
tude of tinnitus obtained by means of the MML. These
findings are consistent with the findings of Schaette,
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Figure 3. Scatter plot of the dispersion between the variables THI and minimum masking level (dB HL) and adjusted model after

intervention.
Note. THI = Tinnitus Handicap Inventory.

Konig, Hornig, Gross, and Kempter (2010); Fukuda,
Miyashita, Inamoto, and Mori (2011); and Parazzini,
Del Bo, Jastreboff, Tognola, and Ravazzani (2011)
that, despite using different outcome measures, these stu-
dies also found an improvement in tinnitus through the
use of hearing aids, combined instruments, or sound gen-
erators, with no significant differences between instru-
ment types.

On the other hand, in a crossover study, also compar-
ing amplification alone with combined fitting, Frachet,
Vormes, Moyse, and Vasseur (2004) observed a signifi-
cantly greater reduction in the discomfort from tinnitus
with the combined fitting after 24 weeks of using a hear-
ing aid (12 weeks in simple mode and 12 weeks in com-
bined mode).

In another recent study, Sweetow and Sabes (2010)
also concluded that the discomfort from tinnitus was
significantly less with the combined use of amplification
with white noise or amplification with fractal sound than
with amplification alone, contrary to our results.

The design of our study has possibly led to this result,
as very homogenous groups with single and parallel
interventions were studied. The only variable that
showed a difference between the groups was the duration
of tinnitus, which was significantly higher in the com-
bined fitting group (p =.02). However, this fact did not
interfere with the results of the study, as this variable was
controlled in a multiple linear regression model, and the
results were still similar in both groups. In addition, the
two groups used the same hearing aid, received the same
type of counseling, and were assessed by a blind evalu-
ator, which reduces the chance of bias.

Another fact that should be mentioned relates to the
type of stimulus generated by the combined hearing aid
(white noise). Despite being well established in the litera-
ture that broadband noise is more effective than narrow-
band noise used in the past to mask tinnitus (Henry et al.,
2006), some authors have suggested using other types
of noise, such as speech-shaped noise, which besides
accelerating the improvement of tinnitus, is better toler-
ated by patients (Ito, Keiko, & Reiko, 2009). Our hearing
aids used only white noise, so it was not possible to com-
pare it with other types of stimulus.

Carrabba et al. (2009) even suggest using a new com-
bined hearing aid, which uses white noise, but with inde-
pendent volume control, possibility of modulation, and a
streamer that activates the sound generator only in quiet
environments. The authors also observed satisfactory
improvement of tinnitus after 3 months using this new
hearing aid.

It is worth noting that, according to some authors, the
type of therapeutic approach used can interfere in the
results of the intervention. Von Wedel, Von Wedel,
Streppel, and Walger (1997) point to the superiority of
partial masking over total masking for reducing the dis-
comfort of tinnitus. Henry et al. (2006) compared the
effects of masking and Tinnitus Retraining Therapy
(TRT) and reported that the masking showed the best
results in the first 3 months. However, in the sixth
month, the two approaches appeared equally effective
and after 12 months, TRT appeared to be more effective
than masking.

Tyler, Noble, Coelho, and Ji (2012) recently con-
ducted a study designed to test whether the theory that
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audibility of the tinnitus was necessary, as proposed by
Jastreboff (1990). They compared the effectiveness of
TRT using a sound generator adjusted at the mixing
point; a sound generator adjusted for total masking of
tinnitus and with no sound generator, only with counsel-
ing. They concluded that the mixing point and total
masking are equally effective for the habituation of tin-
nitus. In light of these findings and also from our clinical
experience, we did not worry about finding the mixing
point recommended for TRT (Jastreboff, 1990) nor the
total masking of tinnitus (Henry et al., 2006). We sought
the lowest intensity capable of providing relief from

tinnitus as suggested by the Tinnitus Activities
Treatment—TAT (Tyler, 20006).
It is worth remembering that any therapeutic

approach using sound therapy has an optimized effect
when associated with counseling (Jastreboff, 1990;
Tyler, 2006), which helps break the vicious cycle of
stress caused by tinnitus, helping the patients to change
their behavior and way of thinking (Tyler, 2006).
Searchfield, Kaur, and Martin (2010) claim that a hear-
ing aid in tandem with counseling was more effective in
reducing a patient’s reaction to tinnitus than just coun-
seling, confirming the need for an association of the two
strategies.

Our approach also associated counseling and sound
therapy, and our results also show satisfactory improve-
ment of tinnitus after 3 months of using the hearing aids.
In the amplification alone group, 78% of the patients
presented a reduction of more than 20 points on the
THI (n=18), and the combined fitting group showed a
62.5% (n=15) reduction, with no statistically significant
difference between the groups (p=.24). The mean final
score of the THI was 24.9 points in the combined fitting
group and 23.8 in the amplification alone adaptation
group, so the patients went from having a moderate
level of discomfort to a mild one.

Despite the limitations of THI because of the 3-label
category scale (Tyler, Oleson, Noble, Coelho, & Ji,
2007), it was used because it is the only tinnitus ques-
tionnaire certified in Portuguese language. The reduction
of 20 points in THI was considered as a sign of improve-
ment, as it represents a change in category of handicap.

In addition to the significant reduction in the score of
the THI in both groups, there was also a significant
reduction of the numeric scale, reinforcing the effective-
ness of the simple or combined amplification in reducing
the discomfort caused by tinnitus. The scores of numeric
scale varied from 7.8 to 5.3 in the combined fitting group
and from 7.8 to 3.8 in the amplification alone group,
with no significant difference between the groups. Our
results tally with several other studies that have also
observed the effectiveness of using a simple or combined
hearing aid to reduce the discomfort of tinnitus (Ferrari
et al., 2007; Paula, 2013; Schaette et al., 2010).

Despite some authors believing that none of the psy-
choacoustic measures of tinnitus can be used to predict
the severity of tinnitus, or the prognosis of the proposed
treatment, others agree that significant changes occur in
the MML over the period of treatment, reducing its
intensity only in the group that presents improvements
of tinnitus (Jastreboff, Hazell, & Graham, 1994;
Santesso, Santos, & Samelli, 2012). In our study, there
was a significant reduction in MML in both the groups
evaluated, which suggests that 3 months is sufficient time
for cortical plasticity to be induced by the acoustic stimu-
lation (Herraiz et al., 2009; Kaltembach, 2009; Moffat
et al., 2009; Norena, 2009) and also to reduce the mag-
nitude of tinnitus (Tyler, 2006).

In addition to the reduction of MML, our study was
also able to show a positive correlation between the
MML and the reduction of discomfort from tinnitus,
measured both by THI and by numeric scale, so that
lower values of MML are linked to less discomfort
from tinnitus. Another finding was the positive correl-
ation between MML and the tinnitus loudness, indicat-
ing that lower loudness levels are also associated with
lower values of MML.

Moffat et al. (2009) were not able to detect the effect
of the hearing aids on the tinnitus loudness after 1 month
of treatment. In our findings, after 3 months, it was pos-
sible to detect a significant reduction in the tinnitus loud-
ness only in the combined fitting group. Perhaps this
finding indicates that despite the combined and conven-
tional fittings provide the same reduction in the discom-
fort resulting from tinnitus, it could be that the combined
use is more effective in reducing the magnitude of tin-
nitus, in respect of the loudness. We believe that further
studies are required to prove this hypothesis, as in gen-
eral the tinnitus loudness varies between 5 and 10dB and
does not correlate with the degree of discomfort
(Landgrebe et al., 2012). In our study, the mean was
10.2dB (combined fitting) and 9dB (amplification
alone) before using the hearing aids, turning to 7.2dB
(»p<.01) and 8dB after 3 months of combined and
simple fitting, respectively.

According to our results, 3 months seem to be suffi-
cient to detect the effect of amplification on the reduc-
tion of the discomfort from tinnitus, which tallies with
other reports published (Carrabba et al., 2009). Some
studies ended up seeing a reduction of discomfort after
1 month of using the hearing aid (Ferrari et al., 2007;
Fukuda et al., 2011). However, Ito et al. (2009)
observed that the improvement of tinnitus occurred
more quickly with speech noise (after 1 month of use)
than with white noise (after 6 months of use). However,
the group exposed to white noise had a higher degree of
hearing loss and greater tinnitus than the group
exposed to speech noise, introducing a potential
confound.
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In contrast, Parazzini et al. (2011) compared the effect
of using hearing aids and sound generators to reduce the
long-term discomfort of tinnitus (3, 6, and 12 months)
and noticed that the tinnitus improved progressively
from the third month, with no difference, however,
between the groups. Therefore, we do not believe that
additional time is required to show the superiority of
combined use compared to the amplification alone.
However, our patients continue to be monitored so
that observations about the long-term effects of hearing
aids can be made.

Based on the results of this study, it can be concluded
that the combined use of amplification and sound gen-
erator and the use of conventional amplification alone
were equally effective in reducing the discomfort caused
by tinnitus in patients with tinnitus and mild to moderate
bilaterally symmetrical sensorineural hearing loss.
Additionally, a correlation was observed between
MML and the THI, numerical scale and tinnitus loud-
ness, suggesting that higher values of MML are asso-
ciated with a greater discomfort and higher tinnitus
loudness.

Some caution is required in interpreting these results,
based on the relatively small number of subjects.
However, as the sample size should have been sufficient
to detect a large effect, any difference (if it exists) is likely
to be small.
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