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Introduction: Some forms of tinnitus are considered to be auditory phantom phenomena related to
reorganization and hyperactivity of the auditory central nervous system. Repetitive transcranial magnetic
stimulation (rTMS) is a non-invasive tool capable of modulating human brain activity, using single pulse or burst
stimuli. Burst rTMS has only been performed in the theta range, and has not been used clinically. The authors
analyze whether burst TMS at theta (5 Hz), alpha (10 Hz) and beta (20 Hz) frequencies can temporarily suppress
narrow band noise/white noise tinnitus, which has been demonstrated to be intractable to tonic stimulation.

Methods: rTMS is performed both in tonic and burst mode in 46 patients contralateral to the tinnitus side, at 5, 10
and 20 Hz. Fourteen placebo negative rTMS responders are further analyzed.

Results: In 5 patients, maximal tinnitus suppression is obtained with theta, in 2 with alpha and in 7 with beta
burst stimulation. Burst rTMS suppresses narrow band/white tinnitus much better than tonic rTMS #(13)=6.4,
p<.000. Women experience greater suppression of their tinnitus with burst stimulation than men, #(12)=2.9, p<.05.
Furthermore left sided tinnitus is perceived as more distressing on the TQ than right sided tinnitus, #(12)=3.2,
p<.01. The lower the tinnitus pitch the more effectively rTMS suppresses tinnitus(r=-0.65, p<0.05).

Discussion: Burst rTMS can be used clinically, not only theta burst, but also alpha and beta burst. Burst rTMS is
capable of suppressing narrow band/white noise tinnitus very much better than tonic rTMS. This could be due
the simple fact that burst neuromodulation is more powerful than tonic neuromodulation or to a differential
effect of burst and tonic stimulation on the lemniscal and extralemniscal auditory system. In some patients only
alpha or beta burst rTMS is Caf)able of suppressing tinnitus, and theta burst not. Therefore in future rTMS studies
it could be worthwhile not to limit burst stimulation to theta burst rTMS.
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1. Introduction

Tinnitus is a distressing symptom for which few
treatments exist. Some forms of tinnitus are considered
to be auditory phantom phenomena [1] similar to
central neuropathic pain [2] related to reorganization
[3, 4] and hyperactivity [5, 6] of the auditory central
nervous system. Recently it has been shown that
stimulation of specific regions of the human brain can
alter (suppress) tinnitus in some patients [7, 8].
Auditory cortex stimulation can be performed with a
strong impulse of magnetic field that induces an
electrical current in the brain (transcranial magnetic
stimulation (TMS)) or with implanted electrodes [7, 8].
Repetitive TMS (rTMS) is a non-invasive tool that
makes it possible to selectively and safely stimulate
specific regions of the human brain. The electrical
current induced in brain tissue by a strong single pulse
magnetic field can temporarily excite or inhibit
neuronal activity depending on the stimulation
parameters [9]. So far it has only been possible to

suppress pure tone tinnitus whereas narrow band or
white noise tinnitus remains unaffected by such
stimulation [7, 10].

As burst firing is a more powerful activator of the
cortex than tonic firing [11-14] it may be expected that
burst r'TMS is more powerful in suppressing abnormal
activity perceived as tinnitus than tonic rTMS.
Recently it has become possible to deliver stimulations
that consist of bursts of magnetic impulses (burst
rTMS) [15]. Non-clinical studies have shown that short
bursts of high-frequency (50 Hz) magnetic impulses
repeated at 5 Hz (the frequency of the theta rhythm in
the EEG) produce a controllable, consistent,
long-lasting and powerful effect on motor [15, 16] and
visual cortex [17] by suppressing excitatory circuits
[16].

In this paper we describe that burst rTMS at
frequencies of the EEG theta (5 Hz), alpha (10 Hz) and
beta (20 Hz) rhythms applied to the auditory cortex
can temporarily suppress narrow band noise or white
noise tinnitus.
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2. Materials and Methods

Forty-six patients with narrow band noise or
white noise tinnitus, which is unilateral or
predominantly perceived as coming from one side, are
included in the study. All participants undergo both
burst and tonic rTMS of the auditory cortex at two
separate dates. All patients who experience a tinnitus
suppression during either tonic or burst rTMS or both
sessions also undergo a sham stimulation: the presence
of a placebo effect is tested by placing the coil
perpendicular to the auditory cortex at the frequencies
that yield maximal tinnitus suppression rates both for
tonic and burst rTMS. Of the participants, 14 (30,4 %)
demonstrated no placebo effect on both tonic and burst
rTMS, 9 (19,6%) did have a placebo suppression, and
23 (50%) showed no suppressive response to either
burst nor tonic rTMS. Only results from the 14 patients
who were placebofree rTMS responders were analyzed
(7 women, 7 men; mean age 51.6 years: 55,4 years for
men, 47,7 years for women, range 40-72 years). Since
the ¥*TMS machine generates a clicking sound on each
magnetic pulse delivery, using only results from
placebo negative patients prevents the possible
influence of sound from the rTMS masking the
tinnitus. The rTMS is performed as a part of a
continuing clinical protocol for selection of candidates
for implantation of permanent electrodes for electrical
stimulation of the auditory cortex for treatment for
tinnitus [7, 8] the multidisciplinary tinnitus clinic of the
University Hospital of Antwerp, Belgium. All
prospective  participants undergo a complete
audiological, ENT and neurological investigation to
rule out possible treatable causes for their tinnitus.
Tinnitus matching is performed by presenting sounds
to the ear in which the tinnitus is not perceived, and
both tinnitus pitch and tinnitus intensity (above
hearing threshold) are matched to the perceived
tinnitus. Technical investigations include MRI of the
brain and posterior fossa, pure tone and speech
audiometry, Auditory Brainstem Response (ABR) and
tymlpanometry. Assessment of tinnitus loudness is
analysed by Visual Analogue Scale (VAS) while
tinnitus severity is analysed by the Tinnitus
Questionnaire[18] (TQ). Tinnitus duration is also
recorded. This study is approved by the ethical
committee of the University Hospital Antwerp,
Belgium.

rTMS is performed using a super rapid stimulator
(Magstim Inc, Wales, UK) with the figure of eight coil
placed over the auditory cortex contralateral to the
tinnitus side in a way previously described[19].

Before the rTMS session, patients grade their
tinnitus on a VAS. The motor threshold to rTMS is first
determined by placing the coil over the motor cortex.
The intensity of the magnetic stimulation is slowly
increased until a clear contraction is observed in the
contralateral thenar muscle. The coil is then moved to a
location over the auditory cortex contralateral to the
side to where the patients refer their tinnitus (5-6 cm in
above the entrance of auditory meatus on straight line
to the vertex). With the intensity of the stimulation set
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at 90% of the motor threshold, the site of maximal
tinnitus suppression is determined using 1 Hz
stimulation. When tinnitus suppression is noted that
patient is asked to estimate the decrease in tinnitus in
percentage using the VAS. The procedure is repeated
with stimulations at 5 Hz (= theta frequency), followed
by 10 Hz (= alpha frequency) and 20 Hz (= beta
frequency), each stimulation session consisting of 200
pulses. When tinnitus suppression is induced by rTMS
the patient is asked to notify when the tinnitus has
returned back to baseline, i.e. when the tinnitus
intensity is back to its initial VAS before the next rTMS
frequency is applied. Burst stimulation is performed in
a similar fashion on a separate day. Bursts are
presented at the same frequencies, with 3 or 5 pulses
per burst. For each patient the tonic and burst rTMS
frequency that yield maximal tinnitus suppression was
compared.

Statistical analysis

Data were analysed with SPSS 13.0. Differences in
narrow band noise / white noise tinnitus suppression
(% reduction of tinnitus perception) after burst and
tonic r'TMS stimulation were explored using a paired
sampled t-test with rTMS stimulation as dependent
variable. Tinnitus suppression was better in all
patients with burst rTMS than tonic r'TMS, therefore
further analyses are done on burst data only. To assess
differences in tinnitus suppression between genders,
an independent sampled t-test was performed with
burst rTMS stimulation as dependent variable and
gender as grouping variable. To assess differences in
distress caused by tinnitus depending on the side (left
or right) an independent sampled ¢-test was performed
with Tinnitus Questionnaire (TQ) score as dependent
variable and tinnitus side as grouping variable.
Pearson’s correlations were performed to assess
significant correlations between variables.

3. Results

In 5 patients, maximal tinnitus suppression is
obtained with theta (5 Hz) burst stimulation, in 2 with
alpha (10 Hz) burst, and 7 with beta (20 Hz) burst
stimulation.

Burst r'TMS suppresses tinnitus that is perceived
as narrow band/white noise better than tonic rTMS,
t(13)=6.4, p<.000 (Figure 1). Women experience greater
suppression of their tinnitus with burst stimulation
than men, #(12)=2.9, p<.05 (Figure 2). Furthermore left
sided tinnitus is perceived as more distressing on the
TQ than right sided tinnitus, #(12)=3.2, p<.01 (Figure
3).

The lower the tinnitus pitch around which the
narrow band tinnitus is centred the more effectively
rTMS suppresses tinnitus r=-0.65, p<0.05, (Figure 4)
and the lower the tinnitus intensity the better the
tinnitus suppression r=0.6, p<0.005 (Figure 4).
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Figure 1: Mean tinnitus suppression (%) with tonic and burst
rTMS stimulation
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Figure 2: Mean tinnitus suppression with burst rTMS (%) for
male and female
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Figure 3: Mean Right and Left tinnitus distress measured on the
Tinnitus Questionnaire
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Figure 4: Mean tinnitus suppression after burst rTMS (%)
compared to (a) tinnitus pitch (Hz) and (b) tinnitus intensity
(dB)

4. Discussion

The present findings show that burst rTMS is
effective in suppressing narrow band noise/white
noise tinnitus. Our data demonstrate that it is not
possible to suppress this kind of tinnitus by tonic
rTMS. This is in accordance with electrical auditory
cortex stimulation data [10] that have shown that it is
not possible to suppress narrow band noise/white
noise tinnitus with tonic electrical stimulation. The
difference in the effect of single pulses and bursts on
tinnitus may be explained by the fact that burst
stimulation is more powerful in activating the cerebral
cortex than tonic stimulation [11-14]. This may be
related to the fact that burst activation requires less
temporal integration to reach the threshold of a neuron
and bursts may activate neurons that are not activated
by tonic stimulations (unmasking dormant synapses)

[2].

A second hypothetical explanation could be that
only burst stimulation is capable of modifying the
function of the extralemniscal (nonspecific or
non-classical) system, the neurons of which are known
to fire in bursts [20, 21]. Tonic or single spike firing is
the main firing mode of neurons in the tonotopically
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organized lemniscal auditory system [20-22]. Burst
firing has been found to occur normally in neurons in
the non-tonotopically organized extralemniscal
auditory system [20-22]. Some cells in the ventral
medial geniculate body (MGBvV) of the thalamus can
fire in both modes depending on their membrane
potential [23, 24]. In a depolarized state they fire in a
tonic mode, in a hyperpolarized state they fire in burst
mode. During alertness, neurons in the MGBv encode
sound signals by firing action potentials in a tonic
mode. When these neurons fire in burst, connections to
other parts of the central nervous system may be
opened through unmasking dormant synapses [2].
Externally applied burst stimuli may have the same
effect.

There are indications that the extralemniscal
auditory system is abnormally involved in tinnitus
[25]. Furthermore, animal studies demonstrate that
both tonic [26, 27] and burst [28, 29] firing are
increased in the lemniscal and extralemniscal system
respectively under conditions that are assumed to
mimic tinnitus in humans. Therefore, increased
activation of the burst-firing non-tonotopic
extralemniscal pathways may lead to perception of
tinnitus of noise character, whereas increased
activation of the tonic firing tonotopic lemniscal
system may produce pure tone tinnitus. The fact that
bursts may activate neurons that are not activated by
tonic stimulations [2] may explain why neural activity
in the extralemniscal pathways cannot be suppressed
by tonic stimulation but only by burst stimulation.

The second hypothesis is supported by the
finding that patients who perceive their tinnitus
having a low centered pitch respond better to burst
stimulation than higher pitches. Neurons in the nuclei
of the ascending auditory pathways that are tuned to
low frequency sounds generally have wider tuning
curves than neurons tuned to high frequency sounds.
This means that auditory cortex cells processing low
pitch sounds are less frequency specific than those
processing high pitch sounds, and thus respond more
like a non-tonotopic system in general. The tonotopic
organization of Heschl's gyrus (primary auditory
cortex) in humans demonstrates [4, 30-32] neural
generators for low frequency sounds more laterally,
and higher pitch sounds more medially. This could
lead to the suggestions that low frequency tinnitus,
generated more superficially, might be reached easier
with rTMS than higher pitched tinnitus, which is
presumably generated deeper in the Silvian valley.
However, as the authors have expressed previously,
based on fMRI and technical data [33], the influence of
rTMS on the primary cortex is probably indirect, via
modulation of the tonotopic map on the secondary
auditory cortex [32], as there exist functional
connections in humans between Heschl’s gyrus and
the lateral superior temporal gyrus [34].

To the authors knowledge this is the first report
of burst rTMS using other frequencies than the well
known theta burst [15-17]. In some patients only alpha
or beta burst r'TMS is capable of suppressing tinnitus,
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and theta burst not. Therefore in r'TMS studies it could
be worthwhile not to limit burst stimulation to theta
burst rTMS.

The finding of this study that rTMS is more
effective in suppressing the tinnitus of women thus
show a similarity between rTMS treatment of tinnitus
and that of microvascular decompression of the
auditory nerve [35]. Finally we found that in this study
left sided tinnitus is perceived as more distressing than
right sided tinnitus. This is in accordance with
published epidemiological data that show that people
suffering left sided tinnitus complain more from
tinnitus than people with right sided tinnitus [36].

5. Conclusion

Burst rTMS can be used clinically, not only theta
burst, but also alpha and beta burst. Burst rTMS is
capable of suppressing narrow band/white noise
tinnitus very much better than tonic rTMS. This could
be due the simple fact that burst neuromodulation is
more powerful than tonic neuromodulation or to a
differential effect of burst and tonic stimulation on the
lemniscal and extralemniscal auditory system.
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