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Abstract Introduction Increases in spontaneous activity in the neurons of the auditory cortex
are presumed as the pathophysiology of tinnitus.
Objective To investigate the effectiveness of transcranial magnetic stimulation (TMS)
in the treatment of tinnitus.
Methods A total of 62 patients between the ages of 22 and 74 with chronic subjective
tinnitus were enrolled in the study. The inclusion criteria were normal findings on an
otolaryngologic examination and normal ranges of complete blood count, routine
biochemical parameter levels, thyroid function, air-bone gap on pure-tone audiometry,
and middle-ear pressure and stapedial reflex on tympanometry. The patients were
randomized into 2 groups: 40 patients were placed in the treatment for TMS (tTMS)
group, and the rest (22 patients) were placed in the sham TMS group. The frequency
and severity of the tinnitus, as well as the tinnitus handicap inventory (THI) score of
each patient were measured before and one month after the treatment, and the values
were statistically evaluated.
Results We observed a statistically significant improvement in the tTMS group
(p <0.05 and p < 0.05 respectively) regarding the THI and tinnitus severity scores.
The sham TMS group showed no significant improvement in terms of the THI
(p > 0.05). However, the tinnitus severity showed a significant increase in this group
(p < 0.05). The comparison of differences in the changes in the THI and the tinnitus

Keywords severity scores showed a significant statistical improvement in the tTMS group

= sham group compared with the sham TMS group (p < 0.05 and p < 0.05 respectively).

= tinnitus Conclusion Transcranial magnetic stimulation was found to be effective in the

= tinnitus handicap treatment of tinnitus, and may be adopted as a treatment for tinnitus after further

inventory comprehensive studies.
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Introduction

Tinnitus is the perception of sound in the absence of auditory
stimulation.! The prevalence of tinnitus varies between 15%
and 20% in the general population, and it causes a significant
decrease in quality of life for 2% to 3% of the patients.? In
severe tinnitus, distress,> depression,® cognitive dysfunc-
tion® and insomnia are major debilitating factors that can
interfere with the daily activities.® The pathophysiological
mechanism of tinnitus is still unknown. Many hypotheses
have been put forward to explain the etiology of tinnitus. An
aspect of these theories is that there is an electrical discharge
in every nerve fiber, even in a resting condition, which causes
spontaneous activity, and an increase in this spontaneous
activity leads to tinnitus.” The other hypothesis explained a
connection between a peripheral auditory lesion inducing
topsyturvy changes in the central neurological system due to
active neuroplasticity. Although changes in the auditory web
result in the perceptual characteristics of tinnitus, altera-
tions in non-auditory regions are stressed to be liable for
sensual and attentional transaction of the perception of
tinnitus.

Several therapeutic approaches have been attempted to
alleviate tinnitus, but the effectiveness of these treatments is
inconsistent. Kim et al® examined the efficacy of manual
acupuncture, electroacupuncture and transcutaneous elec-
trical nerve stimulation in the treatment of chronic tinnitus,
and they found no improvement in the loudness and annoy-
ance of tinnitus. Electroacupuncture reduced the tinnitus
handicap inventory (THI) score significantly, in more than
ten points.8

Low-frequency repetitive transcranial magnetic stimula-
tion (TMS) of the auditory cortex has been proposed as a
novel therapeutic tool for tinnitus.’ The TMS technique is
noninvasive, and applies the principles of electromagnetism
to carry an electrical current into the brain. Transcranial
magnetic stimulation can suppress tinnitus by modulating
the excitability of the cerebral cortex both in directly-stimu-
lated and functionally-connected regions.'%"'> Many clinical
studies have shown that repeated (1,200 to 2,000 pulses/day
for 5 to 10 days) low-frequency TMS at the temporoparietal
lobe can reduce tinnitus.'? In the present study, we aimed to
evaluate the therapeutic effects of TMS on tinnitus.

Methods

Patients
The patients who visited the otolaryngology department at a
tertiary hospital with tinnitus complaints between Febru-
ary 2012 and July 2012 were recruited for the present study.
All of the patients were enrolled after providing written
informed consent. The study was approved by the local ethics
committee, and was performed according to Helsinki Declara-
tion (Decision Number: 2011/386). Patients who had subjec-
tive tinnitus for at least six months were included in study.
Patients with the following conditions were excluded
from the study: ear infections, anatomic ear problems,
Meniere disease, epilepsy, and severe psychiatric or chronic
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diseases. Additionally, patients with cardiac pacemakers or
other implanted tools, and patients who were pregnant or
breastfeeding were excluded.

All of the patients underwent detailed audiological, oto-
laryngological and neurological examinations to rule out
treatable causes of tinnitus. The audiological examination
included pure-tone audiometry and high-frequency audi-
ometry. The matching of the tinnitus was performed by
presenting sounds to the ear in which the tinnitus was not
heard to determine the loudness and frequency of the
tinnitus. The sample was ramdomly (by coin flip) divided
into two groups: the TMS treatment group (tTMS) and the
sham TMS group.

TMS Conduction

A Neuro-MS (Neurosoft, Ivanovo, Russia) TMS machine was
used to conduct the TMS, which was performed using an 8-
shape (butterfly) probe on the left temporoparietal lobe at a
low frequency (1 Hz) for 30 minutes; 40 patients underwent
this treatment. The intensity of the stimulation was set at
100% of the motor threshold, consisting of 1,500 pulses. The
8-shape probe only touched the left side of head of 22
patients at a 45° angle from the midsagittal line, according
to the description made by Ridding and Rothwell."* There
was no stimulation. Each patient completed five sessions in
five days. During the TMS sessions, the ears of the patients
were protected from the TMS noise using earplugs. The
patients were not informed about the group in which they
would be placed.

THI (Tinnitus Handicap Inventory)

The THI, which consists of 25 questions with 3 possible
answers (“yes”, “no” or “sometimes”) was used. To each of
these answers, 4, 0 and 2 points are assigned respectively.
The overall score on the inventory ranges from 0 to 100. With
the THI, the degree of the complaints and their effects on the
patients could be statistically evaluated, and the frequency of
the tinnitus and the THI were determined just before first
TMS session, and one month after the last session. The THI
assessment and the TMS were performed by different
researchers. Thus, the present study had a prospective,
randomized, double-blinded, controlled design.

Statistical Analysis

The calculations were performed using the Statistical Pack-
age for the Social Sciences (SPSS, SPSS, Inc., Chicago, IL, US)
software package, version 15.0. Compliance with the normal
distribution of the data was evaluated using the Shapiro-
Wilk test. Assessments of the loudness levels and frequencies
of the tinnitus as well as the THI scores were performed using
t-tests, paired t-tests, Mann-Whitney U tests and Wilcoxon
tests. Values of p < 0.05 were used to determine the statisti-
cal significance.

Results

In total, 62 tinnitus patients who had their data analyzed
were recruited for the present study. Out of those patients,
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Table 1 Distribution of the study groups in terms of age, gender, symptoms and PTA results

tTMS Group Sham Group p-value

Age (years) 49.47 +14.16 49.31+12.72 0.966

Gender Female 16 (40%) 12 (54.5%) 0.271
Male 24 (60%) 10 (45.5%)

Symptom side Left Ear 18 (45%) 8 (36.3%) 0.735
Right Ear 11 (27.5%) 6 (27.3%)
Bilateral 11 (27.5%) 8 (36.3%)

Symptom duration (months): median (25-75%) 24 (12-38) 27 (12-48) 0.690

Mean PTA Threshold (dB): median (25-75%) Left Ear 20.5 (12-36.5) 18 (13-22) 0.405
Right Ear 20 (12-32) 27 (12-48) 0.109

Abbreviations: PTA, pure-tone audiometry; tTMS, treatment for transcranial magnetic stimulation.

40 were placed in the tTMS group, and 22 were placed in the
sham TMS group; 28 (45.2%) of the patients were women,
and 34 (54.8%) were men, and their mean age was
49.41 +£13.56 years (range: 22 to 74 years). In total, 19
(30.6%) patients had bilateral tinnitus, 17 (27.4%) were
affected in the right ear, and 26 (41.9%) were affected in
the left ear. The groups were similar in terms of age, gender,
mean symptom duration, symptomatic ear side and pure-
tone audiometry results.

The differences in THI scores before and after the TMS
treatment were evaluated within each group. We observed
that the change in the THI score in the tTMS group (before
TMS: median - 46 [range: 32 to 68]; after TMS: median - 41
[range: 14.5 to 59]) was statistically significant (p < 0.05),
while the change in the THI score in the sham TMS group
(before TMS: median - 56 [range: 7.5 to 69]; after TMS:
median - 57 [range: 17.5 to 70.5]) was statistically insignifi-
cant (p=0.273). When the groups were compared, no sta-

tistically significant differences were detected regarding the
THI scores before and after the treatment (before TMS,
p =0.658; after TMS, p=0.161) (~Table 1). When the THI
score changes were compared between the groups (median
scores: tTMS group - 4 [range: 0.5 to 16]; sham TMS group -
0 [range: -2 to 0]), there was a significant difference
(p < 0.05) (=Table 2).

The change in tinnitus loudness before and after the TMS
treatment was evaluated within each group. We found that
the difference in loudness in the tTMS group (before TMS:
median - 65 dB [range: 46.25 to 75.75]; after TMS: median -
65dB [range: 45 to 74.25]) was statistically significant
(p < 0.05), and the difference in loudness in the sham group
(before TMS: median - 52.5 [range: 33.75 to 70]; after TMS:
median - 55 [range: 36.5 to 70]) was statistically significant,
with an unfortunate increase in loudness (p <0.05)
(=Table 2). When the differences regarding the change in
loudness were compared between the groups (tTMS group:

Table 2 Comparison of the study groups in terms of differences in tinnitus frequencies and THI scores (before and after TMS)

tTMS Group: median Sham Group: median p-value
(25-75%) (25-75%)

Tinnitus loudness (dB) Before TMS 65 (46.25-75.75) 52.5 (33.75-70) 0.037
After TMS 65 (45.25-74.75) 55 (36.50-70) 0.429
p-value” < 0.05

Changes in differences in 0 (0-10) 0 (-5-0) < 0.05

tinnitus loudness

Tinnitus frequency (kHz) Before TMS 6 (4-6) 6 (2.4-6) 0.841
After TMS 6 (4-6) 6 (4-8) 0.334
p-value ** 0.189 0.174

Change in difference in 0 (-2—0) 0.823

tinnitus frequency

THI Score Before TMS 46 (32-68) 56 (17.5-69) 0.658
After TMS 41 (14.5-59) 57 (17.5-70.5) 0.160
p-value *** < 0.05 0.273

THI score: change in difference 4 (0.5-16) 0 (-2-0) < 0.05

Abbreviations: THI, tinnitus handicap inventory; TMS, transcranial magnetic stimulation; tTMS, treatment for transcranial magnetic stimulation.
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median - 0 [range: 0 to 10]; sham TMS group -0 [range: -5 to
0]), there was a significant difference (p < 0.05) (=~Table 2).

When the tinnitus frequencies were compared before and
after the TMS treatment, we found that the differences in
frequencies in both groups were statistically insignificant
(tTMS group: p = 0.189; sham TMS group: p = 0.074). When
both groups were compared, no statistically significant
differences were detected in the frequency values before
(p=0.841) and after the treatment (p =0.334) (~Table 2).
Regarding the comparison of the differences in the change in
tinnitus frequencies (tTMS group: median - 0 [range: -2,000
to 0]; sham TMS: median - 0 [range: -2,000 to 0]), there was
no significant difference (p = 0.823) (~Table 2).

All of the patients were reassessed one month after the
TMS treatment. In the tTMS group, 17 (42.5%) out of 40
patients reported full recovery, and 3 (7.5%) patients
reported partial recovery. In the sham group (22 patients),
only 2 (9%) of the patients reported full recovery. Full
recovery meant that they reported they no longer had
symptoms of tinnitus.

In total 3 (7,5%) patients in tTMS group reported tempo-
rary localized headaches in the temporal region that did not
cause too much discomfort. The headaches disappeared at
the end of the treatment, and no other side effects were
reported.

Discussion

In the present study, we applied 1-Hz TMS (1,500 stimula-
tions) to 40 patients over the course of 5 days, with a 30-
minute session held each day. We used a placebo treatment
(sham tTMS) on 22 patients. This sham procedure was
conducted by the researchers, who placed the probes on
the heads of the patients at a 45° angle.'” We assessed the
patients before the treatment and one month after using the
THI and tinnitus severity results. We accepted the THI as the
gold standard to assess the patients, and it indicated a
statistically significant recovery in the patients submitted
toTMS (p < 0.05), and no recovery in the patients in the sham
TMS group (p=0.273). A statistically significant decrease
was observed in the severity of the tinnitus in the tTMS group
(p < 0.05). When the THI and the differences in the change in
tinnitus severity were compared, a statistically significant
recovery was found (p < 0.05): according to our results, the
TMS treatment is statistically more successful than the sham
treatment.

Several techniques are used to measure tinnitus. The fre-
quency, severity and masking of the tinnitus are the most
common methods. The reliability of the tinnitus frequency
changes from patient to patient. The frequency can present
differences from day to day or on the same day; although the
tinnitus frequency is said to be stable, it is quite difficult to
correctly perform frequency matching.” Sénmez et al.'® stated
that tinnitus frequencies for all patients ranged from 250 Hz to
10,000 Hz, with a mean of 5,790.44 +2,399.31 Hz. Yilmaz
et al."” reported an average tinnitus frequency of 5796.67 Hz.
In the present study, we did not observe significant changes in
average tinnitus frequencies posttreatment in both groups. In
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addition, we did not find associations between the patients’
characteristics and their tinnitus frequencies.

The correct determination of tinnitus severity is a reliable
method to assess the efficacy of the treatment.'® In the
literature, the threshold for tinnitus severity has generally
been reported to be over 0 dB to 15 dB."? In the present study,
the lowest tinnitus severity found was 15dB, while the
highest was 95dB; the severity was between 0dB and
10dB greater than the hearing thresholds in 59 patients,
and between 11dB and 15 dB greater in 3 patients. In the
present study, while the severity of the tinnitus in the tTMS
group decreased significantly, a significant increase was
observed in the sham TMS group. However, some of these
increases and decreases did not completely match the clini-
cal recovery of the patients. While some patients felt more
comfortable when their severity increased, other patients
did not feel more comfortable, despite their decrease in
severity. Thus, we think that tinnitus severity might not be
a very suitable method to assess the comfort of the patients.

Figueireido et al.?% reported acoustic tests to be insuffi-
cient for the diagnosis of and follow-up care for tinnitus.?°
Thus, scales that assess how the tinnitus is perceived psycho-
somatically have gained importance. It is possible to obtain
information about the severity of the tinnitus by using
various scales. However, most of these scales are not sup-
ported by reliability and validity studies. The most reliable
and commonly used scale is the THI, which has been
reported to be a highly consistent and reliable inventory
for the assessment of the symptoms experienced by tinnitus
patients.21 In the present study, we used the THI and
accepted it as the criterion for recovery. While a statistically
significant decrease was observed in the tTMS group, no
difference was found in the sham TMS group. The answers to
the question “Have you recovered?”, given by the patients as
“yes” or “I've felt quite a lot of comfort”, were in parallel with
the THI results. In all of the 17 patients in the tTMS group
who reported recovery or relaxation, an obvious decrease in
the THI score was observed.

Several tinnitus treatment methods have been attempted.
The general success rates of the methods in the literature
range from 30% to 80%, and the effectiveness of placebo
treatments has been mentioned in most of these studies.?

Recently, TMS has been reported as a promising method in
the treatment of tinnitus.?? Functional imaging methods have
shown an increase in activation in the left lower frontal and left
temporal regions in patients with tinnitus.?> In positron emis-
sion tomography (PET) studies that did not consider the direc-
tion of the tinnitus, cortical activation was observed in the left
hemisphere.?* Marcondes et al.?> separated 20 tinnitus patients
into 2 groups, and submitted 1 group for 5 days to 1-Hz TMS
(1,020 stimulations/day), while the other group underwent
sham TMS. A recovery rate of 50% was observed in the tTMS
group, and no recovery was observed in the sham TMS group. In
2005, De Ridder et al.2 submitted 114 patients with unilateral
tinnitus to 1 session of TMS, and reported that 25% of them
experienced full recovery, and 28% experienced partial recovery.
In their study in 2007, Kleinjung et al.’® submitted the patients
to 1-Hz TMS (2,000 stimulations/day) sessions for 10 days, and
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reported a 40% success rate 3 months later. In a study conducted
with 32 patients in 2008, Langguth et al.?’ reported that there
were no differences between low-frequency and high-frequen-
cy TMS sessions, and both yielded positive results. In their study
with 56 patients, Khedr et al.?® submitted the patients 1-Hz, 10-
Hz, and 25-Hz (1,500 stimulations/day) TMS sessions for
10 days, and observed a significant recovery in all 3 groups
4 months later. Minami et al.?? submitted 16 patients to 1-Hz
TMS (1,200 stimulations/day) sessions; they reported positive
results, and suggested that further studies on this treatment
should be conducted. In 2010, Lorenz et al.?° submitted 10
patients to 1-Hz tTMS sessions for 5 days, and obtained positive
results. They reported that TMS might be more efficient if
applied for a longer period of time. In 2003, Plewnia et al.>°
applied 10-Hz TMS to different parts of the head, and only
reported positive results for 8 out of 14 patients. In another
study in 2007, Plewnia et al.! found PET activations in the
brains of 6 patients (left temporoparietal in 3 patients, right
temporoparietal cortex in 3 patients), and applied 1-Hz TMS
(1,800 stimulations/session) to those areas for 10 days, and
observed a significant recovery in their patients. Rossi et al?
applied 1-Hz TMS (1,200 stimulations/day) to the left secondary
hearing cortexes of 16 patients for 5 days, and observed a
significant decrease in the tinnitus. Lee et al.3* applied 0.5-Hz
TMS (600 stimulations/session) for 5 days, but did not observe a
significant decrease. Kleinjung et al.?* submitted 14 patients
with tinnitus to PET, and observed maximal activation in the left
temporal cortexes of 12 patients and in the right temporal
cortexes of 2 patients. They applied 1-Hz TMS (2,000
stimulations/session) to the area over the course of 5 sessions,
and found that a significant decrease in the tinnitus remained
6 months later. While Kleinjung et al.?® reported that the
duration of the tinnitus and hearing loss had a negative effect
on the outcome of the TMS treatment, Minami et al.?? reported
that these did not have an effect on the treatment outcome, and
that tinnitus developing as a result of sudden hearing loss was
resistant to TMS treatment. We did not observe any obvious
effects of the duration of the tinnitus or hearing loss on clinical
recovery. A total of 50% of the patients who benefited from the
treatment had normal hearing, while only 1 of our patients with
sudden hearing loss responded to the treatment.

Wang et al.3* observed a significant reduction in the
loudness of the tinnitus after active low-frequency TMS
treatment. They also found that this suppression was espe-
cially shown in subjects with normal hearing and without
sleeping problems.

In a Cochrane Database study, Meng et al>® reported that
TMS is a safe treatment for tinnitus in the short-term. Yet,
there were no adequate data to provide any grounds for the
reliance of this treatment in the long-term.

Rossi et al.>2 do not mentioned the side effects of low-
frequency TMS. They observed temporary localized head-
aches in the temporal region that did not cause too much
discomfort as in 3 of our 40 patients. The headaches dis-
appeared at the end of the treatment, and no other side
effects were reported.

The comparatively higher recovery rate could be related to
the shorter follow-up time (1 month), and to the fact that
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TMS is a mystic treatment. The shorter follow-up time was
one of the weaknesses of the present study. A longer follow-
up could be better to evaluate the recovery of the patients.
Another weakness was that we think it would have been
better to have divided the groups into subgroups, such as
patients with hearing loss, with sleep disturbance etc.

Conclusions

We believe that new treatments for tinnitus should be
researched, since there is still no effective treatment method,
and because some patients face serious problems because of
it. We concluded that tTMS, which is a new approach, could
be a very promising method, and with wider and more
comprehensive studies, it could play a very important role
in the treatment of tinnitus.
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