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Resumo

Introdugdo. O zumbido é uma percepgao subjetiva do som na auséncia de estimulo acustico
externo. Tem impactos comportamentais negativos associados, por exemplo, depressao,
insdnia, dificuldade de concentracdo, ansiedade, irritabilidade e péanico. As sensacdes
interferem negativamente na vida social e econ6mica dos individuos. Dados empiricos sugerem
que distlrbios no cortex auditivo e suas vias neurais ddo origem a ativagdes espontaneas
anormais associadas ao zumbido. Compreender as causas € uma tarefa desafiadora. No
entanto, a hipétese atual sugere que clusters de redes neurais e sub-redes estdo envolvidos
na geracdo do zumbido. A neuroplasticidade dindmica central induzida por uma perda
periférica da entrada auditiva pode causar zumbido. Até o momento, ndo ha um consenso
amplo sobre a terapia mais eficaz para o tratamento do zumbido. Objetivo. Refletir sobre
duas terapias de zumbido: Terapia de Retreinamento de Zumbido (TRT) e Estimulagdo
Magnética Transcraniana (TMS). Método. Uma revisdo narrativa. Ndo foram adotados critérios
explicitos e sistematicos na busca do referencial tedrico. Resultados. A TMS é promissora em
comparagdo com a TRT porque a TMS atua nos mecanismos neurais do zumbido. TRT é eficaz
em um nivel comportamental, uma vez que alivia os sentimentos negativos do zumbido leve
e moderado. Conclusdao. O TRT nao avanca na fonte neural, mas apenas na percepcao do
zumbido. O TMS atua diretamente nas causas neurais. Ambas as terapias tém limitagdes e
podem funcionar para alguns pacientes. No entanto, o efeito do TMS parece mais eficiente,
embora transitorio.

Unitermos. Terapia de retreinamento do zumbido; Estimulacdo magnética transcraniana;
Coértex auditivo; Neurociéncia

Abstract

Introduction. Tinnitus is a subjective perception of sound in the absence of an external
acoustic stimulus. It has negative behavioral feelings associated, e.g., depression, insomnia,
difficulty of concentration, anxiety, irritability, and panic. The feelings impact negatively on the
social and economic life of individuals. Empirical data suggest that disorders in the auditory
cortex and its neural pathways give rise to abnormal spontaneous activations associated with
tinnitus. Understanding the causes remains challenging. However, the current hypothesis
suggests that clusters of neural networks and subnetworks are involved in tinnitus generation.
Central dynamic neuroplasticity induced by a peripheral loss of auditory input can cause
tinnitus noise. To date, there is no widespread consensus about the most effective therapy for
treating tinnitus. Objective. To reflect on two tinnitus therapies: Tinnitus Retraining Therapy
(TRT) and Transcranial Magnetic Stimulation (TMS). Method. A narrative review. Explicit and
systematic criteria were not adopted in searching for the theoretical framework. Results. TMS
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is promising compared to TRT because TMS acts on tinnitus neural mechanisms. TRT is
effective on a behavioral level since it relieves mild and moderate tinnitus' negative feelings.
Conclusion. TRT does not advance on the neural source, but only on the tinnitus perception.
TMS acts directly on the neural causes. Both therapies have limitations and can work for some
patients. However, the effect of TMS seems more efficient, although transient.

Keywords. Tinnitus Retraining Therapy; Transcranial Magnetic Stimulation; Auditory Cortex;
Neuroscience

Resumen

Introduccidn. El tinnitus es una percepcion subjetiva del sonido en ausencia de estimulos
acusticos externos. Tiene sentimientos negativos asociados, por ejemplo, depresion, insomnio,
dificultad para concentrarse, ansiedad, irritabilidad y panico. Los sentimientos impactan
negativamente en la vida social y econdmica de las personas. Los datos empiricos sugieren
que los trastornos en la corteza auditiva y sus vias neurales dan lugar a activaciones
espontdneas anormales asociadas con el tinnitus. Comprender las causas sigue siendo un
desafio. Sin embargo, la hipdtesis actual sugiere que grupos de redes neuronales y subredes
estan involucrados en la generacién de tinnitus. La neuroplasticidad dinamica central inducida
por una pérdida periférica de entrada auditiva puede causar ruido de tinnitus. Hasta la fecha,
no existe un consenso generalizado sobre la terapia mas eficaz para tratar el tinnitus.
Objetivo. Reflexionar sobre dos terapias para el tinnitus: |la terapia de reentrenamiento para
el tinnitus (TRT) y la estimulacion magnética transcraneal (TMS). Método. Una revision
narrativa. No se adoptaron criterios explicitos y sistematicos en la busqueda del marco tedrico.
Resultados. TMS es prometedor en comparacidon con TRT porque TMS actla sobre los
mecanismos neurales del tinnitus. La TRT es eficaz a nivel conductual, ya que alivia los
sentimientos negativos del tinnitus leve y moderado. Conclusion. TRT no avanza en la fuente
neural, sino solo en la percepcidon del tinnitus. TMS actla directamente sobre las causas
neuronales. Ambas terapias tienen limitaciones y pueden funcionar para algunos pacientes.
Sin embargo, el efecto de TMS parece mas eficiente, aunque transitorio.

Palabras clave. Terapia de reentrenamiento de tinnitus; Estimulacion magnética
transcraneal; Corteza auditiva; Neurociencia
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INTRODUCTION

Tinnitus is the sensation of sound without physical
stimulation. Recently it was reconceptualized as a conscious
perception of sound in the absence of an external acoustic
stimulus!-3 It is a complex disorder with numerous forms and
different causes. The concept of tinnitus originates from the

Latin word tinnire, meaning to ring.
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Tinnitus divides into two categories: objective,
generated by corporal vascular processes or muscle
contractions, and subjective. Subjective tinnitus is most
frequent, though it cannot be measured by objective means.
The patient's reports are the only source available.

The bothersome sensation of tinnitus is present in
several groups in the world. Between 5 and 15% of the
general population experience this phantom auditory
sensation and 1-3% suffer from severe tinnitus*. In Brazil,
Sao Paulo, the frequency of tinnitus is estimated between
10-15% of the general adult population®. In China, about
15% of the Chinese population suffers from tinnitus®.
However, only 3-5% of 10-15% is considered tractable in
clinical terms’.

Patients with tinnitus suffer from anxiety and
depression?®°, Further, negative effects are reported, e.g.,
insomnia, difficulty of concentration, irritability, and panic.
The harmful feelings impact negatively on the social and
economic life of individuals?:810.11,

Despite doubts concerning the source of tinnitus, the
sound is different from any known sound. It can be
intermittent or continuous, and people usually describe their
tinnitus as annoying, irritating, intrusive, and distracting.

The patient's frequent complaint is the negative feeling
toward the sound. Some patients hear their tinnitus as if it
came from the ears; others hear it as if it came from inside
the head. Yet, patients tend to describe their tinnitus as

ringing, hissing, cycads, roaring®.
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The single criterion for tinnitus evaluation is the
patient's perception and report. The intensity of the tinnitus
perception varies from person to person, and it is classified
as mild, moderate, and severe. An alternative classification
was proposed: (i) acute and chronic, (ii) decompensated and
compensated!?. The first refers to the duration and
persistence of tinnitus (at least 3 months), the second is
related to the degree of habituation to the tinnitus process.
Moreover, the intensity can range from a just noticeable
hissing sound to a roaring noise that affects daily life, e.qg.,
sleep, concentration, and several other activities.

This paper discusses two therapies for treating tinnitus:
TRT and the potential effect of Transcranial magnetic
stimulation (TMS). We consider issues concerning both
treatments. We summarized the main positions about the

topic.

METHOD

To achieve the objectives, we conducted a literature
review on the subject. The focus was on books and texts
available on the Google Scholar database since it covers a
range of databases. We selected papers that reported studies
with TRT or TMS. Moreover, we included texts by their
originality and impact on the topic.

We extended the references with the standard texts
back in time and added recent research to give support to

our reflection. Since it is a narrative review, explicit and
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systematic criteria were not adopted in searching for the
theoretical framework. Finally, we made a critical
assessment by considering the positive and negative aspects
of TMS and TRT therapies.

RESULTS
Auditory cortex: the possible source of tinnitus
perception?

Tinnitus is a complex disorder because of the etiological
heterogeneity. The disorder can be caused by several
factors*1314 The multiple causal aspects make the treatment
challenging. So far, the known possible causes of tinnitus
divide into five groups: (1) otologic: hearing loss, Meniere's
disease, acoustic neuroma; (2) ototoxic: medications or
substances; (3) neurologic: multiple sclerosis, head injuries;
(4) metabolic: thyroid disorder, hyperlipidemia, vitamin B12
deficiency; and (5) psychogenic: depression, anxiety,
fibromyalgial> 16,

Despite many years of intensive research, there is no
compelling agreement concerning the cause of tinnitus®’.
There are even doubts whether tinnitus is generated in the
ears or the head3. However, pioneer studies discovered and
converged to some extent that the conscious perception of
tinnitus results from abnormal neuronal activities in the
auditory cortex and its subnetworks!®-22,

Studies have shown that tinnitus experience is
associated with functional and structural changes at the

neural level?3-3%, Neurophysiological tools could signal the
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source of tinnitus. With this in mind, empirical finds suggest
that the auditory cortex is the possible basis, where the
neural stimuli are transformed into a subjective sensation.

Besides, disorders of the somatosensory system and
abnormal neural activities are related to the generation of
tinnitus>1%31, As far as can be seen, there is an agreement
that tinnitus is neurally realized. However, the difficulty is
the accurate identification of the neural correlates of
tinnitus32. Since brains are adaptive systems with several
levels of interconnections, the task of identifying the correct
neuronal networks mainly active during the experience of
tinnitus is challenging.

Some data suggest that tinnitus can be caused by
maladaptive neuroplasticity and deafferentation of auditory
neural pathway!®33-36, The changes (triggered by several
factors, e.g., physical injuries) give rise to abnormal
spontaneous activity in the auditory cortex, abnormal
neurotransmitter release, abnormalities in the transduction
processes, cortical reorganization of the tonotopic sensory
map, hypersynchrony of neural discharges, and enhanced
sensitivity of the auditory pathways3. Further empirical finds
from neuroimaging suggest that tinnitus is related to
functional and structural brain abnormalities in distributed
auditory and non-auditory brain regions??:37,

Nonetheless, the functional organization of the human
auditory cortex remains unclear. To this point, there is no
complete map of the auditory system3®. The recent

knowledge is based on post mortem anatomy, studies of
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patients with cerebral lesions, as well as results from non-
invasive anatomical and functional brain-imaging methods,
like functional magnetic resonance imaging (fMRI), positron
emission tomography (PET), electroencephalography (EEG),
and magnetoencephalography (MEG)3°.

Hence, it is difficult to match the anatomical parcellation
of the human auditory cortex with the /oci of functional
activation. Not even the exact borders and the tonotopic
organization of the human primary auditory cortex have
been shown convincingly yet*°,

There is a difficulty in the identification of tinnitus
etiology. However, there are therapies and treatments which
aim to relieve such negative sensation produced by tinnitus.
One is the TRT® 101441 3 clinical implementation with a focus
on the habituation of tinnitus signal noise. The other therapy
that emerges as an alternative, is TMS. However, both have

issues to take into account.

Tinnitus retraining therapy

TRT can be clinically implemented as an attempt to
relieve the tinnitus perception®10.1441 TRT is based on two
properties of the brain: plasticity and habituation. Two main
systems in the brain play central roles: the limbic and the
autonomic nervous systems. TRT aims to induce changes in
these systems by removing the association of tinnitus with
negative feelings. The core idea is that the limbic system
regulates tinnitus perception. Therefore, it can be modulated

by a specific intervention.
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Misophonia (aversion to sound) is also a frequent
symptom in patients with tinnitus since they have a negative
attitude toward sounds. Some studies showed a relationship
between negative feelings and the activation of the limbic
system*2,

The limbic system regulates several functions e.g.,
emotion, behavior, motivation, long-term memory, and
olfaction. The limbic system also controls the emotional life.
Any dysfunction in this area correlates with episodes of
emotional instability. As tinnitus has an emotional factor,
induced changes in the limbic system can lessen tinnitus
perception® 101441,

TRT treatment consists of two main methods:
counseling and sound therapy. The goal is to reclassify
tinnitus into the category of a "neutral stimulus". The tinnitus
perception and its evaluation rest on the inappropriate
activations of the limbic and sympathetic parts of the
autonomic nervous system. The massive brain
interconnectivity is supposed to cause the association of the
negative feelings toward tinnitus perception. TRT induces
changes in the evaluation of the perception through
modulation of the negative feelings. The focus is on the
perception itself, instead of the source of the tinnitus.

Sound therapy aims to stimulate the auditory system
with the presence of constant neutral sounds (music or white
noise). Sound generators are used, associated or not with
sound amplification (if the person also has hearing loss).

During the process, the brain is trained to reclassify the
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tinnitus through the conversion of the perceived (negative)
sound into an unimportant sound (neutral). As result, the
annoying sound drifts away until the subject becomes
unaware of it810.1441,

Furthermore, TRT includes counseling therapy by
showing to the patients how the auditory system works and
how tinnitus is generated: the neural signals generated in
the auditory cortex reach the limbic system, and there, the
perception receives a negative evaluation. The effect is the
amplification of subjective sensation immediately sensed
after the subject becomes aware of the tinnitus perception.
The discomfort arises when the subject focuses attention on
that perception. Then, the negative attitude toward tinnitus
arises.

During TRT sessions, the patient can become
accustomed to the tinnitus signal until its perception changes
to neutral. The counseling sessions consist of teaching the
patient to reclassify his/her tinnitus into the category of
"neutral stimulus". Counseling consists of saying to patients
that tinnitus is not a harmful perception, but a benign
reaction (adaptation) of the auditory system to compensate
for the damage of the outer hair cell systems.

Given the brain's capacities of plasticity and
habituation, TRT can change the evaluation of the tinnitus,
and the perception would become neutral. The key element
causing the tinnitus to be problematic is not the perception

of tinnitus itself, but the focus on attention on this
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perception. Despite the effectiveness of clinical treatment,
the etiology, cause, or trigger of tinnitus remains unknown?°,

Indeed, there is an urgent demand for an effective
treatment for tinnitus. TRT seems to be an effective therapy.
It was reported® that various patients regained a better
quality of life after TRT treatment. However, TRT seems to
relieve only mild and significant tinnitus. TRT does not seem
to work for the treatment of chronic or severe tinnitus.

The assumption that people with severe hearing loss
and tinnitus can become habituated with the "neutral” sound
is controversial. Neutral sounds can reach high intensities
and can cause discomfort. Loud sounds can be so high that
bother other people. Furthermore, high sound (noise) can
induce hearing loss. The treatment with TRT requires the
need to listen to white noise daily. But eventually, the sound
also becomes bothersome.

Regardless of the attempt to modulate the tinnitus
perception, a patient might not get accustomed to the sound.
Hence, the substitution of a disturbing sound by another one
does not seem to be a proper treatment. A better alternative
would require the complete elimination of the tinnitus.
Likewise, counseling, and sound therapy can work in a few
specific cases.

TRT seems suitable for the treatment of mild tinnitus.
The idea that the limbic system triggers negative feelings
toward the tinnitus perception is self-evident. The limbic
system must be active during emotional evaluations. The

assumption that a causal mechanism generating tinnitus is
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irrelevant, is problematic. Likewise, assuming that a cure for
tinnitus is impossible since there is a large number of causes
is elusive. The fact that tinnitus has many causes does not
imply that it has no causal trigger. Theoretically, it would be
possible to track the source by using tools as EEG/MEG and
neuroimaging techniques??#34,  The search for the
neurobiological causes of tinnitus is a hot research topic.

Moreover, TRT does not take into account the neuronal
activities underlying tinnitus perception. In short, plasticity,
as well as habituation, are neural events. Mere behavioral
therapy does not seem to act directly on neural activities,
although it can happen occasionally. Furthermore, criticisms
of TRT point out the lack of convincing empirical support for
it*” and doubts about the efficacy of counseling and sound
therapy*s.

The final consideration is that TRT leaves the problem
open, since it does not attack the cause, but the symptom.
Noticeably, some patients can benefit from TRT, though it
would be fair to inform them that TRT is not a cure for
tinnitus. Concerning this point, De Ridder, in comments on
Jastreboff's paper*!, compares TRT with the following

situation:
“A child hurting himself and being helped by his
caretaker. Immediately after the injury the child is told
'it doesn't hurt' and the painful spot is being kissed or
rubbed. This is what TRT does as well: when the child is
told it doesn't hurt, the child's caretaker reclassifies the
sensory perception of pain into the category of neutral
stimuli, similarly to what the healthcare worker does

when counseling in TRT.”
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The kissing or rubbing on the painful spot applies the
same principles as sound therapy for tinnitus. The therapy
decreases the contrast between the perceived pain and the
background neural activity, thus interfering with the brain's
ability to detect the painful signal. Furthermore, the
treatment reconditions the pain perception with a positive
reinforcer, a kiss, or any other sign of affection. However,
this "hush and kiss" approach seems to be efficient only for
moderate pain; failing to do so when a leg is broken, a tumor
is found, etc. Analogously, the autosuggestion effect of TRT
has limits.

Moreover, TRT lacks problem-solving because it does
not tackle the tinnitus generating source. Behavioral therapy
based on counseling and sound therapy indeed could change
neuronal activities associated with the generation of tinnitus.
However, it takes time. Neurons communicate through
electrochemical synapses that can be interfered with by
using direct electromagnetic stimulation in the sensory
cortex and other deep areas.

Up to now, there is no objective method of evaluation
of tinnitus. Even though the acquisition of "data" through the
patient's reports, which are subjective and work as support
for medical diagnostic, raises a concern about reliability.
Furthermore, the etiological heterogeneity makes difficult

the choice of proper therapy.
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Transcranial magnetic stimulations as an alternative
treatment

TMS is a non-invasive tool for brain stimulation. The
technique consists of applying a brief pulse of high-intensity
magnetic field on the auditory cortex by 100 ms. The
electromagnetic field can excite or inhibit a small area,
previously selected, after identifying specific regions through
EEG and fMRI. During the procedure, tinnitus signals
decrease or disappear, but the effects are temporary34°->1,

TMS is used in the direct modulation of neuronal
activities. Neuronal activations in the auditory cortex
generate the tinnitus subjective experience. However, it
could not be the tinnitus primary source. Nonetheless, the
auditory cortex should be active. TMS can change the
frequency of activities in the auditory cortex, although which
neural pathways should be stimulated, is still undetermined.
The difficult task is to locate the causal area.

Notwithstanding the etiological source, the abnormal
neuronal activities in the auditory cortex are supposed to be
the active locus during the tinnitus experience. In this way,
this region could be modulated with TMS#°2-55 TMS
application aims at the elimination of the phantom
perception, instead of the habituation to the bothersome
tinnitus. TMS induces changes in the neural activations
associated with tinnitus perception.

TMS is an experimental tool and it requires further

studies. However, it seems effective since TMS acts directly
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on specific brain areas by changing its neuronal frequencies.
Empirical support is available as follows.

Repetitive TMS (rTMS) of 1Hz was applied daily for 10
consecutive workdays in 64 participants with chronic
tinnitus>®. The 64 participants were divided into two groups:
a control group treated with placebo (no active TMS); and an
active group. The participants from the active group received
2000 rTMS pulses per session. The Tinnitus Functional Index
(TFI) was used as a comparative baseline. The results
showed 18 of 32 participants (56%) in the active rTMS group
and 7 of 32 participants (22%) in the placebo rTMS group
were responders to rTMS treatment. In other words, 10
consecutive workdays resulted in a significantly statistically
greater percentage of responders to the treatment in the
active rTMS group compared to the placebo group. The active
group reported noteworthy relief after the treatment of
rTMS. Responders experienced improvements in tinnitus
severity for 26 weeks following therapy.

In another experiment, an individualized rTMS in 25
tinnitus patients was conducted®’. During the first session of
a 2-week rTMS protocol, they applied different rTMS
protocols to the left and right temporo-parietal and
dorsolateral prefrontal cortex. The results depicted that
almost half of the patients (12 of 25) reported immediate
tinnitus reductions during the test session. This group had
higher improvement mean values (medium to high effect
rates) in pre- to post-treatment, based on the tinnitus

questionnaire, when contrasted to the patients who did not
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respond to the test session. The treatment outcome
remained stable over a follow-up period of 10 weeks.

According to the authors>’:

“Individualized rTMS was shown to be feasible and
effective in chronic tinnitus. The results obtained from
this study provide tentative evidence in support of an
individualized rTMS treatment approach and might
provide a basis for a "tailored" application of rTMS in

tinnitus and other neuropsychiatric disorders.”

Other studies confirm the hypotheses that TMS can be
an efficient treatment for chronic tinnitus. For example, it
was reported that daily application of high-intensity 1-Hz
rTMS to the left temporoparietal region is an efficient
strategy to transiently alleviate chronic tinnitus*. Further
studies®>> found that tinnitus loudness was reduced after
temporoparietal stimuli. Also, it was reported that some
patients showed a lasting benefit of tonic rTMS (1, 10, or 25
Hz) applied for 10 days at 1 vyear after treatment
conclusion®8. Another study described improvement after 5
days of rTMS at 1 Hz that was still present 6 months post-
TMS>?,

Likewise, a statistically significant greater percentage of
responders to treatment in the active rTMS group compared
with the placebo rTMS group in an experiment with 32
participants was reported®. In sum, TMS showed effective

effects on treatment for chronic tinnitus. Although the
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mitigation seems to be transient, TMS offers a real
perspective to be developed.

However, the studies have a few limitations concerning
the number of participants (up to 100). The sample sizes are
small, and the placebo group presented a degree of decrease
in the tinnitus signal. Furthermore, different regions of
stimulation turn the task to compare experiments difficult*>.
Moreover, there are additional protocol issues (e.g.,
methodological plurality, small sample size, size effect,
scarce reproducibility)81-6>,

Despite this, the studies reported that the application of
TMS was effective in tinnitus relief. The challenging task is to
induce long-duration after-effects since the result is
transient. The nature of the rTMS after-effects depends on
the number, intensity, and frequency of stimulation pulses,

a task whose settings are still challenging.

CONCLUSION

In sum, TRT does not seem a suitable treatment for
chronic tinnitus, since it tackles the symptoms, rather than
the cause. TRT can be useful in treating mild cases. TRT is
not recommended when the patient has severe or chronic
tinnitus.

The research should focus on the neuronal basis
underlying the tinnitus experience. Through the identification
of the neural mechanisms active during the tinnitus

perception, researchers and clinicians can apply effective
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tools such as TMS associated with fMRI, MEG, and EEG to
track the etiology.

The utilization of TMS seems to be more effective in
comparison to the TRT. TMS acts on the neural source.
However, the after-effect of TMS is temporary and this is a
challenge in TMS therapy. Besides, there are doubts
concerning how to set a methodological account that could
make the relief last longer, since, after the TMS sessions, the
phantom perception returns. Despite this experimental
constraint, there are prospects in the attempt to find a
solution for the tinnitus problem in a neuroscientific way®®.

In summary, TMS still has a transitory effect on tinnitus,
but this is due to the lack of knowledge concerning the
cortical sensory area TMS should be applied, the duration,
intensity, and frequency of the stimuli. TMS is a new tool that
needs further investigation. Nonetheless, it is the beginning
of a new phase in tinnitus research, from which tinnitus
patients can benefit in the future.

TRT is a beneficial therapy for mild tinnitus, but as a
solution for severe or chronic tinnitus, it is inappropriate.
TMS seems to be promising, however, there are issues to be
solved. Despite the limitations, both therapies have
advantages in treating types of tinnitus disorder: half a loaf

is better than none.
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