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ABSTRACT

Tinnitus is an auditory perception without an external sound source. Transcranial
direct current stimulation is a promising therapy for modulating the neurobiological
substrates associated with this condition. This case report aimed to evaluate
whether the discomfort and impact of tinnitus on patients’ quality of life change
after neuromodulation intervention. Adults with chronic tinnitus were included
after otorhinolaryngological evaluation. The cases analyzed derive from a pilot
study. The procedures included a speech-language-hearing history, pure-tone
audiometry, high-frequency audiometry, pitch and loudness matching, a visual
analog scale, and the Tinnitus Handicap Inventory. The intervention consisted
of applying a 2-mA current for 20 min for 5 consecutive days, with an anodal
electrode in the left temporoparietal area and a cathodal electrode in the right
dorsolateral prefrontal cortex. The cases were expressed individually, and the
data were analyzed descriptively. Five patients (three women and two men),
with a mean age of 45 years, were evaluated. As to audiometry, six ears had
normal hearing, while all ears had decreased high-frequency sensitivity. Scale
scores decreased after five neuromodulation sessions; the mean score in the
pre-therapy group decreased from 5.2 to 4.4 points post-therapy. The total
questionnaire score decreased from 36.8 to 33.2 points. The mean loudness
decreased from 10.4 to 9.2 dB SL. The results suggest that noninvasive
neuromodulation reduced the annoyance and impact of tinnitus on these
patients’ quality of life.
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RESUMO

O zumbido ¢ a percepgdo auditiva sem fonte sonora externa. A estimulagdo
transcraniana por corrente continua ¢ uma terapia promissora para modular os
substratos neurobiologicos associados a essa condigao. O objetivo deste relato de
casos foi avaliar se ha mudanga no incomodo e no impacto do zumbido na qualidade
de vida dos pacientes apds a intervencao com neuromodulagdo. Foram incluidos
pacientes adultos com zumbido cronico, apos avaliagdo otorrinolaringologica.
Ressalta-se que os casos analisados derivam de um estudo-piloto. Os procedimentos
incluiram anamnese fonoaudiologica, audiometria tonal, audiometria de altas
frequéncias, acufenometria, Escala Visual Analogica (EVA) e Tinnitus Handicap
Inventory (THI). A intervencao consistiu na aplicagdo de corrente de 2mA por
20 minutos, durante cinco dias consecutivos, com eletrodo anddico no cortex
temporoparietal esquerdo e o eletrodo catodico no cortex pré-frontal dorsolateral
direito. Os casos foram descritos individualmente e os dados analisados de forma
descritiva. Foram avaliados cinco pacientes (trés mulheres e dois homens), com
média de idade de 45 anos. Na audiometria, seis orelhas apresentaram audigao
normal, enquanto todas as orelhas apresentaram diminuicao da sensibilidade nas
altas frequéncias. Apos cinco sessdes de neuromodulagio, verificou-se redugao
nos escores da escala, com diminuicdo da média do grupo pré-terapia de 5,2
para 4,4 pontos pos-terapia. O escore do questionario total reduziu de 36,8 para
33,2 pontos. A loudness apresentou uma diminui¢ao média de 10,4 dBNS para
9,2 dBNS. Os resultados sugerem que a neuromodula¢@o ndo invasiva reduziu
0 incomodo e o impacto do zumbido na qualidade de vida desses pacientes.

Palavras-chave: Zumbido; Estimulagdo transcraniana por corrente continua;
Terapia por estimulagao elétrica; Reabilitagao; Audigao; Psicoacustica

Study carried out at Universidade Federal do Rio Grande do Norte — UFRN — Natal (RN), Brasil.
'Programa Associado de Pos-Graduag@o em Fonoaudiologia (Mestrado e Doutorado) — PpgFon/UFPB/UFRN/UNCISAL, Universidade Federal do Rio Grande do Norte —

UFRN — Natal (RN), Brasil.

2Ambulatério de Zumbido, Departamento de Cirurgia, Hospital Universitario Onofre Lopes, Universidade Federal do Rio Grande do Norte — HUOL/UFRN —

Natal (RN), Brasil.

SPrograma de Pos-Graduagdo em Neuroengenharia, Instituto Santos Dumont — ISD — Macaiba (RN), Brasil.
*Programa Associado de Pés-Graduagdo em Fonoaudiologia (Mestrado e Doutorado) — PPgFon/UFPB/UFRN/UNCISAL, Universidade Federal da Paraiba —

UFPB — Jodo Pessoa (RN), Brasil.

>Curso de Fonoaudiologia, Departamento de Ciéncias da Satde, Faculdade de Medicina de Ribeirdo Preto, Universidade de Sdo Paulo — FMRP-USP —

Ribeirdo Preto (SP), Brasil.
Conflict of interests: No.

Authors’ contribution: TKFCL contributed to study conception and design, literature review, patient assessment, data collection, analysis, and interpretation,
discussion of results, and article drafting and editing; LMBMF contributed to patient assessment, data collection, intellectual review of the manuscript, and final
approval of the version submitted to the journal; EM contributed to the intellectual review of the manuscript and final approval of the version submitted to the journal;
MRDR contributed to the intellectual review and editing of the article, supervision, and final approval of the version submitted to the journal; EBM contributed to
study conception and design, discussion of results, drafting, review, and editing of the article, supervision, and final approval of the version submitted to the journal.
Data Availability Statement: Research data is only available upon request.

Funding: Coordenagao de Aperfeicoamento de Pessoal de Nivel Superior - Brasil (CAPES) - Cédigo de Financiamento 001.

Corresponding author: Tassya Kamila Fernandes Caldas de Lima. E-mail: tassya_star@hotmail.com

Received: January 16, 2025; Accepted: September 09, 2025

Editor-in-Chief: Maria Cecilia Martinelli Torio.

Associate Editor: Clara Regina Brandio de Avila.

@ @ This is an Open Access article distributed under the terms of the Creative Commons Attribution license (https://creativecommons.org/licenses/ 1 6
B by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. ‘

Audiol Commun Res. 2025;30:¢3022


https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0003-0896-2418
https://orcid.org/0000-0002-2191-8641
https://orcid.org/0000-0003-0954-5317
https://orcid.org/0000-0003-0920-2234
https://orcid.org/0000-0003-3200-5474

Introduction

Tinnitus affects more than 740 million people worldwide,
with prevalence estimates ranging from 4.1% to 42.7%-.
The prevalence of tinnitus in the population of Rio Grande do
Norte, Brazil, was estimated at 50.4% in 2023©).

Tinnitus is the perception of sounds in the absence of external
sound stimuli. It is a heterogeneous condition regarding the
psychoacoustic characteristics of the symptom, etiology, and
associated comorbidities! ).

It can be caused by a variety of hearing disorders. Most
patients with tinnitus have associated hearing loss. Even for those
with normal pure-tone audiometry, some hearing dysfunction
can be detected through specific tests!¢7,

There is no accepted consensus on the pathophysiology of
tinnitus, due to its etiological heterogeneity! . However, it is
believed that tinnitus is associated with cochlear changes that
generate disordered spontaneous activity in the cochlea, caused
by a change in the functioning of the outer hair cells or by an
increase in the endocochlear potential->+9),

There is dysfunctional activity in the central component of
tinnitus related to the processes involved in homeostatic plasticity
responsible for cortical hyperactivity after hearing loss. The
reorganization of the central tonotopic map triggers tinnitus
by increasing the synchrony of discharges between neurons.
The reduction in sensory input hyperpolarizes neurons in the
thalamus, generating an increase in thalamic and cortical action
potentials. This process is maintained by the corticothalamic
pathway and activation of the reticular nucleus, which sends
inhibitory stimuli to specific thalamic nuclei®®.

The degree of discomfort caused by tinnitus can vary from
mild to severe, negatively impacting the patient’s quality of life,
interfering with their ability to concentrate, perceive sounds, and
sleep, which can lead to social isolation, irritability, emotional
distress, insomnia, and stress®>7'9,

There are still not enough evidence-based multidisciplinary
clinical practice guidelines to ensure an optimal treatment
protocol®#1112 OQver 60 therapeutic resources are available in
the literature, making it possible to reduce the discomfort and
harm of symptoms, seeking habituation and decreased sensation
of intensity (loudness)®.

The therapeutic resources for managing tinnitus include
correction of hearing loss, sound therapy, cognitive-behavioral
therapy, medications, diet, physiotherapy, and neuromodulation!<,

Transcranial direct current stimulation (tDCS) is a non-
invasive method of neuromodulation that involves the application
of low-intensity current (0.5 to 2.0 mA), using electrodes fixed
to the patient’s scalp, and promotes selective modulation of
excitability or inhibition of cortical activation®>*%'1,

The spatial distribution of the electric field generated by
neuromodulation can be affected by current intensity, stimulation
polarity, and neuronal positioning. The effect of the electric
field on neuronal excitation or inhibition depends primarily
on the direction of their axons and somatic dendritic axis in
relation to the electric field. Thus, the two electrodes modulate,
facilitating or inhibiting the activity of brain areas, depending
on the positioning of neuronal bodies in the gyri and sulci®.

The application of tDCS to the right dorsolateral prefrontal
cortex (DLPFC) and the left temporoparietal area (LTA) is effective
in reducing the intensity and impact of tinnitus by increasing
cortical excitability in the temporal areas of individuals with
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persistent tinnitus perception. The frontal and prefrontal regions
are believed to be part of the neural network related to tinnitus
perception and interaction with the limbic system (amygdala,
anterior cingulate cortex, and insula). These regions comprise
the central network responsible for the cognitive-emotional
aspects of tinnitus pathophysiology®®%13),

Given the high prevalence of individuals with tinnitus and
its negative impact on quality of life, this study is pertinent to
address the efficacy of tDCS as a therapeutic strategy for tinnitus.
This case report aimed to evaluate whether the discomfort and
impact of chronic tinnitus on patients’ quality of life change
after tDCS neuromodulation intervention.

CLINICAL CASE PRESENTATION

This case report was approved by the Research Ethics
Committee of the Onofre Lopes University Hospital, Federal
University of Rio Grande do Norte, Brazil, (CEP/HUOL/UFRN)
under approval number 5,622,441. All participants signed an
informed consent form consenting to the performance and
dissemination of the research.

The patients included in this case report were recruited
from a pilot study, which served as the basis for a randomized
clinical trial.

After an otorhinolaryngological consultation, the HUOL
outpatient clinic referred patients aged over 18 years, complaining
of chronic tinnitus and more than 3 points in the visual analog
scale (VAS).

Participants underwent the following evaluation procedures at
the UFRN Speech-Language-Hearing Teaching Clinic: medical
history survey, pure-tone audiometry (PTA), high-frequency
audiometry (HFA), pitch and loudness matching, VAS, and
the Tinnitus Handicap Inventory (THI).

Audiological examinations were performed in a soundproof
booth using an Interacoustics® Clinical Audiometer AC40,
measuring the perception of tinnitus frequency (pitch) and
intensity (loudness) with an adapted protocol”.

The VAS subjectively assessed tinnitus discomfort in terms
of annoyance, based on a graphic-visual scale ranging from
0 to 10 cm, where 0 corresponds to no perception of tinnitus
and 10 to intense annoyance**"19),

THI is a validated questionnaire to assess the consequences of
tinnitus, consisting of 25 questions divided into three subscales
(functional, emotional, and catastrophic). The degree of impact
can be interpreted according to the score as slight (0 to 16),
mild (18 to 36), moderate (38 to 56), severe (58 to 76), or
catastrophic (78 to 100)@67:9,

The Microstim NKL Foco model was used for neuromodulation
sessions, which were held in a quiet room with comfortable
chairs and a private space to ensure patient comfort. The therapist
was fully trained and certified in non-invasive neuromodulation
techniques by the Center for Assistance and Research in
Neuromodulation (NAPeN Network).

The electrodes were wrapped in sponges (5 X 7 cm) soaked
in sodium chloride solution (0.9% NaCl) and were positioned on
the scalp (fixed with elastic bands), following the International
10-20 System of Electroencephalography®®®!'"19 The tDCS
sessions were adapted from the published protocol!® and
were held over 5 consecutive days, totaling five sessions.
The volunteers received stimulation at 2 mA for 20 min.
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The cathodic electrode was positioned in the right DLPFC (F4)
and the anodic electrode in the LTA (CP5).

At the first consultation, patients signed an informed
consent form and underwent a medical history survey, VAS,
THI, and hearing tests. Then, they participated in five tDCS
neuromodulation sessions, with the VAS administered before and
after each cortical stimulation session. They were reevaluated
with THI and hearing tests at the final consultation, held 1 week
after the end of neuromodulation.

The cases were described individually, and the data
were analyzed descriptively using SPSS 29.0 software. The
analysis calculated measures of central tendency (mean and
median) and variability (standard deviation, minimum, and
maximum) of quantitative variables, and absolute frequency
of qualitative variables.

The sample consisted of five patients with chronic tinnitus,
as described below.

Subject 1 (S1)

AMS, a 66-year-old retired woman, reported a sudden
onset of tinnitus in her left ear over 3 years before. The tinnitus
was a whistling, intense, continuous sound, worsened in noisy
situations. It interfered with her emotional balance, speech
perception, and communication skills. She had abnormal hearing
thresholds in high frequencies in her right ear and moderate
sensorineural hearing loss in her left ear. Suspected diagnosis:
Meéniére’s syndrome.

Subject 2 (S2)

BRMN, a 36-year-old female psychologist. She reported
a sudden onset of tinnitus in her left ear over 13 years before.
The tinnitus was a whistling, intense, continuous sound, worsened

in noisy situations, stress, and silence, interfering with emotional
balance, sleep, attention, concentration, reading, and speech
perception. Hearing thresholds were within normal limits
bilaterally. Suspected diagnosis: Méniére’s syndrome.

Subject 3 (S3)

FSS, a 56-year-old female nurse assistant, reported a sudden,
hissing-like tinnitus in her left ear, which had been present
for over 3 years. It had been occurring continuously and with
varying intensity, worsening in stressful situations and silence.
The symptom interfered with her emotional balance and sleep.
Hearing thresholds were within normal limits, bilaterally.
Suspected diagnosis: traumatic brain injury.

Subject 4 (S4)

PHBM, a 40-year-old male civil servant. He reported a
sudden tinnitus onset in his left ear over 3 years before. It was
a mild, continuous whistle, aggravated by stressful and quiet
situations. The symptom interfered with emotional balance,
reading, and sleep. Hearing thresholds were within normal
limits, bilaterally. Suspected diagnosis: Somatosensory tinnitus.

Subject 5 (S5)

RESF, a 37-year-old male civil servant. He reported a
gradual onset of bilateral tinnitus since adolescence. It was a
whistling, intense, continuous sound, worsened in quiet and
noisy situations, interfering with emotional balance, attention,
concentration, reading, and sleep. He had abnormal hearing
thresholds in high frequencies, bilaterally. Suspected diagnosis:
Idiopathic bilateral hearing loss.

The main evaluation findings are shown in Table 1,
characterizing the participants’ outcome measures and the
descriptive analysis of the group’s values.

Table 1. Descriptive characterization of outcome measures in the study sample before and after the intervention

Descriptive analysis by individual

i Loudness VAS Total THI
Patient Before tDCS After tDCS Before tDCS After tDCS Before tDCS After tDCS

S1 16 dB SL 18 dB SL 5.4 4.4 28 points 22 points

S2 5dB SL 6 dB SL 3.4 2.2 36 points 36 points

S3 5dB SL 5dB SL 6.4 6 48 points 44 points

S4 11dB SL 7 dB SL 3.6 2.6 22 points 16 points

S5 15dB SL 10 dB SL 7 7 50 points 48 points

Descriptive analysis by group

Variable Time point Mean SD Minimum Maximum Median
Age Before 45.00 13.342 34 64 38.00
VAS Before 5.160 1.621 3.4 7.0 5.40
After 4.432 2.077 2.2 7.0 4.40
Functional THI Before 14.40 6.542 4 20 18.00
After 10.00 7211 0 18 8.00
Emotional THI Before 14.00 3.742 8 18 14.00
After 14.00 6.782 4 22 14.00
Catastrophic THI Before 8.40 5177 2 14 10.00
After 9.20 4147 4 14 10.00
Total THI Before 36.80 12.21 22 50 36.00
After 33.20 13.828 16 48 36.00
Loudness Before 10.40 5.273 5 16 11.00
After 9.20 5.263 5 18 7.00

Subtitle: tDCS = transcranial direct current stimulation; VAS = visual analog scale; THI = Tinnitus Handicap Inventory; dB SL = decibels sensation level;
VAS = visual analog scale; SD = standard deviation
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The VAS was measured before and after each neuromodulation
session, while pitch and loudness matching, HFA, and THI
assessments were performed at the beginning and end of the
intervention protocol.

Regarding the location of the tinnitus, four patients (S1, S2,
S3, and S4) complained of unilateral tinnitus (left ear), and one
patient (S5) complained of bilateral tinnitus.

As for PTA results, three patients (S2, S3, and S4) had
hearing thresholds within the normal range in both ears, one
patient (S1) had normal hearing in the right ear and moderate
hearing loss in the left ear (the same ear as the tinnitus), and
one patient (S5) had abnormal hearing thresholds only in high
frequencies, bilaterally.

The patients had decreased sensitivity in HFA hearing
thresholds, with the following group medians: 9000 Hz (35 dB);
10000 Hz (45 dB); 11200 Hz (57.5 dB); 12500 Hz (65 dB);
14000 Hz (60 dB); 16000 Hz (50 dB). In the pitch and loudness
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matching, one patient (S1) identified 750 Hz, and four patients
(82, S3, S4, and S5) identified 8000 Hz as the frequency (pitch)
that most closely resembled their tinnitus.

Regarding the sensation of intensity (loudness), two patients
had a significant decrease of 4 dB SL (S4) and 5 dB SL (S5);
two patients had a slight increase of 1 dB SL (S2) and 2 dB SL
(S1), and one case maintained the value (S3) (Table 1). The
group’s means were 10.40 dB SL before therapy and 9.20 dB
SL after it.

VAS values decreased in four patients (S1, S2, S3, and S4),
while one patient (S5) remained stable after neuromodulation
(Figure 1). The group’s mean decreased from 5.2 before therapy
to 4.4 points after it.

Finally, total THI scores decreased in four patients (S1,
S3, S4, and S5), whereas one case (S2) remained stable after
neuromodulation (Figure 2). The group’s mean total THI
decreased from 36.8 points before therapy to 33.2 points after it.
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Figure 1. Characterization of reported visual analog scale results before and after neuromodulation sessions
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Discussion

This study hypothesized that patients with tinnitus undergoing
rehabilitation with tDCS could have their symptoms improved.
The results showed that the mean annoyance score (VAS) and
the impact on quality of life (THI) decreased after tDCS.

Tinnitus is a symptom with the potential to negatively impact
an individual’s quality of life, causing functional limitations and

suffering 41119 All patients reported that tinnitus interfered
with their emotional balance, which could worsen anxiety and
depression.

Decreased sensitivity in high frequencies (HFA) may
characterize an early sign of changes in the function of the
outer hair cells of the cochlear basal region and trigger tinnitus
even in patients with PTA hearing thresholds within the normal
range (250 to 8000 kHz)'». Four patients in this study (S1, S2,
S4, and S5) had worse high-frequency hearing thresholds in
the ear with tinnitus.

It’s worth noting that the auditory integrity of tinnitus
patients can influence cortical stimulation results. Patients with
hearing thresholds close to normal have the best results!'?.
Patients with severe hearing loss require longer sessions and
higher current intensity to achieve therapeutic effects, due to
greater neuroplastic changes!'". However, this finding could
not be observed in the present sample, since only one patient
(S1) had moderate hearing loss (tinnitus in the left ear), with
decreased VAS and THI scores after treatment.

Loudness results varied among the five patients, as it
increased in some and decreased in others. Characterizing
tinnitus is knowingly complex because it is a subjective
symptom with subjective measurement, which can influence
the degree of discomfort on the day of the exam™"-'4). The
intervention may not have influenced the perception of
tinnitus intensity.

This result is consistent with the literature, which
indicates that loudness can be influenced by multiple
factors, including the integrity of the auditory pathway and
individual adaptation to tinnitus"*9. Previous studies have
also reported mixed results regarding the effectiveness of
tDCS in modulating tinnitus intensity, highlighting the need
for further investigation to better understand the mechanisms
underlying this perception®® %1219,

The characterization of tinnitus discomfort using the VAS
verified a reduction in the scores of patients S1, S2, S3, and
S4, suggestive of an improvement in symptom discomfort
after neuromodulation, compatible with the literature®®%!1-19,

Likewise, the total THI scores of patients S1, S3, S4, and S5
decreased, indicating that tDCS could reduce the impairment
caused by tinnitus in the patient’s quality of life, especially in their
daily functions, confirming findings from other studies®*'"'¥).,

The functional subscale had the greatest reduction in the
total score. This subscale investigates the discomfort caused
by tinnitus in mental, social, occupational, and physical
functions®!319, Patients reported significant improvements
in their functional capacity after neuromodulation, reflected in
activities such as concentration, auditory perception, attention,
sleep, and reading. These results reinforce the relevance of
tDCS as a promising therapeutic approach in the management
of tinnitus, in line with the literature®*'!%).

The results demonstrated that tDCS had a significant
positive effect on reducing tinnitus perception, as evidenced
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by the decrease in VAS and THI scores. These suggest that
the intervention effectively improved patients’ quality of life,
reducing the discomfort and impact of tinnitus.

Considering the pathophysiology of tinnitus, it is believed
that the frontal and prefrontal regions connect with structures
of the limbic system, such as the amygdala, anterior cingulate
cortex, and insula, thus constituting part of the central map that
influences the cognitive-emotional aspects of tinnitus®™ %9,
Thus, tinnitus often leads to emotional distress due to the
neural connections between the brain regions responsible for
its perception and the affective aspects associated with the
limbic system®5%1,

Therefore, these aspects should be part of the patient’s
assessment, since the severity of the condition can be influenced
or aggravated by factors such as psychological, cognitive, and
personality traits, more than by the sensory aspect!.

This impairment was observed in the patients through the
scores on the emotional (S2, S3, and S5) and catastrophic
(S1, S2, S3, S4, and S5) subscales, which did not decrease
even after tDCS, unlike the functional subscale. It is suggested
that the psychological/psychiatric consequences of tinnitus,
such as anxiety, depression, and panic, which compromise
the performance of daily activities, require individualized
and specialized counseling, combined with neuromodulation.
A multidisciplinary approach that integrates neuromodulation
with psychological support is essential in the management
of tinnitus.

Applying tDCS over the LTA stimulates cortical and
subcortical regions such as Brodmann areas 41 and 42 (primary
auditory cortex), Brodmann areas 21 and 22 (associative
auditory cortex), and the limbic system (hippocampus and
amygdala). Thus, stimulating these regions may decrease
tinnitus perception®'*'?, Revalidating the findings of this case
report, the literature reports that anodal current administered
over the LTA has a greater potential to suppress tinnitus and
reduce its discomfort®>®),

The results reiterate the findings in the literature, which
state that anodal tDCS administered over the LTA decreased the
perception of tinnitus annoyance (VAS) and severity (THI)® %1119,
It is important to note that validated techniques were used to
measure results, which demonstrated a reduction in the impact
and discomfort caused by tinnitus in the study cases.

The results of this study motivate further research to produce
robust evidence regarding the benefit of tDCS for tinnitus
rehabilitation, applicable in clinical practice, so that speech
therapist can offer their patients an innovative and promising
tinnitus management protocol.

FINAL COMMENTS

Tinnitus discomfort and impact decreased in the study
cases after five tDCS sessions, especially in daily activities
such as concentration, auditory perception, and sleep, verified
respectively with the VAS and THI.

The variation in loudness results suggests that more
neuromodulation sessions may be necessary to achieve more
effective therapeutic results in reducing tinnitus intensity.

The findings of this case report demonstrate the benefits of
tDCS in the five study cases and encourage future research to
reinforce evidence on neuromodulation effectiveness in tinnitus
treatment, helping to improve the quality of life of patients.
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